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 ABSTRACT 

Although electric scooters have brought a lot of convenience to people's lives, the laws 

and regulations related to it are just being developed, and the number of people injured by 

electric scooters is increasing every year. Most of the published literature on electric 

scooters is from a safety perspective, while this research is more from the perspective of 

people's riding behavior. To better understanding people's riding behavior, the ZouSim E-

Scooter simulator was built. The design process of the simulator can be divided into two 

parts, hardware development and software development. The hardware development 

includes the construction of the simulator base and the applications of the measurement 

sensors. The software development includes the use of Arduino for data collection and 

transmission, and the use of Unity3D for scenario creating. Due to the COVID-19 

epidemic, this research only includes 25 human subjects, and all subjects experienced the 

same scenarios to ensure the validity of the data. The collected data shows that when the 

subjects were not educated, 60% of them chose to ride on the sidewalk. After being 

educated, only 3% of them chose to ride on the sidewalk. This shows that electric scooter 

education is effective on most riders. Upon the completion of the test, each subject was 

given a post-simulation survey. From the survey results, 76% of the human subjects 

admitted that they had never worn a helmet when riding an electric scooter, and only 8% 

of the test subjects said that they always wear a helmet when riding an electric scooter. 

Moreover, 56% of the test subjects said that even though they knew that riding on the 

sidewalk might have potential risks to pedestrians, they still preferred to ride on the 

sidewalk because they were uncomfortable with riding on the street next to vehicles. 
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Policy makers could consider this preference in formulating rules and policies instead of 

regulating E-Scooters solely because they are motorized.  
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CHAPTER 1: INTRODUCTION 

The ZouSim E-Scooter simulator discussed in this thesis contributes to the advancement 

of electric scooter research from traffic engineering and rider behavior perspectives. 

ZouSim E-Scooter simulator is the first fully developed electric scooter simulator 

designed for research purposes. Many existing studies focus on discussing the safety, 

mobility, and sustainable development of electric scooters. This research focuses on the 

construction and applications of simulator from a traffic engineering and rider behavior 

perspectives, including the design and construction of ZouSim E-Scooter using 3D 

simulator engine, and the study of people’s riding behavior using simulator. 

 

1.1 Motivation 

Shared electric scooters were introduced to the U.S. in 2017 by the micromobility 

companies Bird and Lime (Dias, 2021). Due to its compact size, flexible handling, and 

low cost, it became very popular in a short period of time. At the end of 2018, there were 

about 100 cities with a total of more than 85,000 electric scooters available to the public. 

More than 38.5 million trips were taken on electric scooters surpassing the 36.5 million 

trips taken on station-based bikes and 9 million on dockless bikes, making electric 

scooters the most popular shared micromobility (NACTO, 2018). In 2019, the total 

number of shared electric scooters trips nationwide reached 86 million, an increase of 

123% over 2018 (NATCO, 2020).  
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However, the number of trips is not the only thing that has increased. As more and more 

people use it, the number of casualties related to electric scooters also increases year by 

year. There are various causes of injuries and deaths, including not wearing a helmet, 

improper operation, unfamiliarity with relevant regulations, and riding under the 

influence of alcohol. A recent death case caused by an electric scooter brought to the 

public's attention occurred on June 4, 2021. The famous actress Lisa Barnes was hit by a 

reckless scooter driver in New York and died despite treatment after ten days (CBSNY, 

2021). This incident caused great attention in society and reflected the public’s lack of 

awareness on electric scooters. 

 

1.2 Scope and Description of Problem 

The goal of this research was to improve overall safety of electric scooters by 

investigating people’s riding behavior using an electric scooter simulator. There are many 

uncertainties and dangers in the research of electric scooters on real roads, so it is 

infeasible to design field experiments using human subjects. The use of simulator for this 

research can minimize the uncertainty and allow each rider to experience the same scene 

so that rigorous conclusions can be drawn. For example, every rider will encounter 

identical vehicles, road signs, and traffic lights during the test. These conditions are 

difficult to achieve in a road test. In summary, the use of electric scooter simulator allows 

a safer and more effective study of rider behavior under different conditions.  Figure 1.1 

shows an example of ZouSim E-Scooter simulator. The figure shows sensors measuring 

the brake and accelerator knobs. The signals from the sensors run down the cables into 



3 

 

the Arduino which is connected to a PC via USB. The figure also shows a treadmill 

surface adjacent to the E-Scooter so that riders and perform the kick start off the ground.  

 

Figure 1.1 ZouSim E-Scooter Simulator  
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CHAPTER 2: LITERATURE REVIEW 

Shared E-Scooters have received increasing attention over the years and have become 

one of the most popular micromobility in the United States. The existing published 

literature on electric scooters is limited because shared E-Scooter was introduced to the 

United States only a few years ago. There are few studies and reports on it. 

 

Most of the existing studies related to E-Scooters are focused on safety issues. A study 

discovered that the most common injuries related to electric scooters are head injuries 

(40.2%), fractures (31.7%), and soft tissue injuries (27.7%). Only 4.4% of riders admitted 

that they wore a helmet while riding scooters and 10.8% of patients are younger than 18 

years old (Trivedi, 2019). Moreover, research has found that most scooter-related injuries 

were caused by the lack of safety equipment used, and 33% of patients used alcohol 

before getting injured (Puzio, 2020). It was found that there were a total number of 

39,113 electric scooter-related injuries in the U.S. from 2017 to 2018. The study indicates 

that 36% of patients were women, 78% came from urban areas, and 20% came from rural 

areas (Namiri, 2020). Other studies have focused on global warming and environmental 

impact, other researchers believe that due to the unique characteristics of E-Scooters, 

their manufacturing, charging, and transportation processes will directly or indirectly 

have a negative impact on the environment (Hollingsworth, 2019). During the Covid-19 

pandemic, riding an E-Scooter can effectively maintain social distance rather than driving 

or taking public transportation (Dias, 2021). 
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The use of a transportation simulator has been popular for several modes. Car simulators 

and bicycle simulators have been well developed for several years. (Sun, 2017; Zhang, 

2019; Boyle, 2010) Transport simulators were invented to reduce traffic accidents, and 

more importantly, to bring convenience to people. In 2020, Qing et al. (2021) conducted 

a study at the University of Missouri on airport wayfinding accessibility using wheelchair 

simulators, which has shown that the correct use of wheelchairs with a wayfinding 

system can reduce the time spent on finding the way at the airport and reduce the number 

of wrong turns.  
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CHAPTER 3: HARDWARE DEVELOPMENT 

ZouSim E-Scooter simulator hardware including the following components: E-Scooter, 

E-Scooter base, microcontroller unit, measuring sensors, and mounting hardware. When 

choosing an E-Scooter, the main concern is model selection. There were dozens of 

different E-Scooter models available on the market. A Xiaomi MI Electric Scooter was 

chosen because it is one of the most popular models on the market, and companies 

like Bird, Lyft, and Spin, among others, have made this M365 model their first choice of 

electric scooter (Andy, 2020).  

 

3.1 E-Scooter Base 

The main concept of the ZouSim E-Scooter base is not only to allow the front wheel to 

turn freely when the participant turns the handle but also to allow the scooter to tilt left 

and right to give participants a realistic feeling. A custom wooden base was made to 

accommodate all the requirements. Figure 3.1 shows the ZouSim E-Scooter base design.  

The wooden base is put together by 16 pieces 0.75 inch thick wood board, a pair of 

skateboard trucks (the skateboard steering devices on the bottom of the board), and the 

skateboard trucks play an indispensable role in the wooden base design. Each skateboard 

truck consists of one base plate, one kingpin, two bushings, and an axle. Bushings are the 

key component to realize the lateral tilt capability, and they are the rubbery rings that fit 

around the kingpin on skateboard trucks. Typically made of polyurethane/hard rubber, 

the bushings assist in allowing the E-Scooter to tilt and pivot smoothly. There are 

typically two bushings on each truck, one on top and the other on the bottom. The top 

bushing goes on the kingpin above the hanger and helps the E-Scooter to tilt smoothly. 
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The bottom bushing goes on the kingpin between the hanger and the baseplate and can be 

tightened or loosened depending on how responsive the tilt function needs to be (Downs, 

2011). Figure 3.1 shows the ZouSim E-Scooter base design. Getting the correct bushing 

can be overwhelming because bushings are available in varying degrees of firmness from 

80-100, with the higher number being stiffer. The 100A skateboard bushings were 

selected to fulfill our needs. It is the stiffest bushing on the market and was designed to 

withstand a person weighing over 90 kg. Finally, three layers of wooden shims were 

placed under the base to ensure that the maximum tilt did not exceed 5 degrees 

(participants will be in danger of falling off if the maximum tilt exceeds 5 degrees). 

 

Figure 3.1 ZouSim E-Scooter Base Design 

 

3.2 Speed/Accelerator 

Several options were explored for measuring the speed/accelerate, including E-Scooter 

built-in speedometers and custom build measuring hardware. The Mi electric scooter 

comes with a built-in speedometer system, which can connect to any Bluetooth-enabled 

electronic device such as a smartphone or tablet. After connecting to an electronic device, 
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the real-time speed, average speed, trip distance, and battery life can be shown in the 

device's MI Application. 

 

The speedometers system on MI E-Scooter can work with or without being connected to 

a Bluetooth device. When E-Scooter is not connected to a Bluetooth device, the 

speedometer system will work using the Hall effect sensor (mounted inside the motor) 

only. The Hall effect sensor is a magnetic sensor that can convert magnetic signals into 

electrical signals (Paun, 2011). They are widely used in various vehicles for speed 

measuring and Anti-lock Braking Systems (ABS). The Hall effect sensor works on the 

principle that a charged particle moving in a magnetic field will experience a resultant 

force. On MI E-Scooter, the Hall effect sensor is mounted inside the motor in the front 

wheel, and the speed was measured by detecting the number of the passage of the magnet 

in a certain time divided by time. When the E-Scooter is connected to a Bluetooth device, 

the built-in speedometer system will work with the GPS on the device to Increase 

accuracy. The built-in speedometer system is not suitable in the ZouSim study because 

the E-Scooter is stationary during the test.   

 

The custom-made speed measurement device contains two main components: a slide 

potentiometer and a set of 3D printed mounting hardware. A Bourns PRO AUDIO’s PTA 

Series low profile slide potentiometer was used in this design, but other models may also 

get the job done. A potentiometer is a three-terminal electrical accessory with an 

adjustable resistor. The main concept is based on Ohm’s law (V=IR) (Britannica, 2019), 



9 

 

where the voltage V is fixed in a circuit, the current can be controlled by changing the 

total resistance R in the circuit. Slide potentiometer is designed to change its resistance 

by sliding the wiper from one side to another. Because of its unique linear slide motion, 

the slide potentiometer always has a linear relationship between the position and the 

output current. The 3D printed hardware consists of 3 parts, as shown in Figure 3.2 Part 

A and part B can hold the whole set tightly to the steering column of the scooter like a 

clamp. Parts B and C are joined together by a unique design that holds the parts securely 

together and allows them to rotate around each other. The sliding potentiometer is placed 

in the opening of part C. Its sliding knob is attached to the scooter's throttle. Whenever 

the rider presses the throttle, the sliding knob will be driven together, and the sliding 

potentiometer will have a corresponding reading. 

 

Figure 3.2 ZouSim E-Scooter accelerator measurement design 
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3.3 Brake 

Brakes are an important safety feature of E-Scooters; most modern E-Scooters have at 

least one single-disc brake system on the rear. Generally speaking, braking is to convert 

kinetic energy into heat, which is achieved by pulling down the brake lever to cause 

friction between the brake pads and the brake disc. 

 

There are many ways to measure the brake force on E-Scooter. The easiest way is 

through the built-in speedometer system, which comes with a Hall effect sensor that can 

measure the acceleration and measure the results from braking. However, the 

speedometer system is not suitable because the ZouSim E-Scooter is stationary during the 

test. 

  

Another way to measure brake force is to use a slide potentiometer to measure the brake 

lever's movement, which transfers the pressure applied on brakes into digital signals. 

Each time the brake handle is pulled down, the slide potentiometer will have a 

corresponding reading. Figure 3.3 shows the ZouSim E-Scooter Simulator brake 

measurement design. A 3D printed bracket connects the slide potentiometer to the brake 

lever. To ensure accurate readings, the dimensions of this 3D printed bracket were 

precisely calculated to minimize the clearance between the brake lever and sliding 

potentiometer. In addition, the polycarbonate material used in this 3d-printed bracket 

ensures that the part will not be damaged due to excessive external forces during the test. 
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Figure 3.3 ZouSim E-Scooter brake measurement design 

 

3.4 Steering 

The handlebar is one of the essential components of a scooter, and it plays an important 

role in controlling the direction and maintaining the rider's balance. The handlebar design 

is based on the principle of leverage (Chisholm, 1911), with the wide handlebar 

providing more leverage to turn the front wheel. This design allows riders to control the 

direction of the scooter easily and to maintain balance. Due to inertia, the scooter will 

have a force parallel to the direction of travel for balance when riding forward. When 

turning, the rider will turn the handlebars to the desired direction, after which the forward 

force will point to the side. To balance this force, the rider will generally tilt the scooter 

at an angle opposite this force to keep the scooter in balance. 

To measure the steering angle of the scooter, the team came up with two different 

methods. The first design uses gears and belts as a belt drive system, commonly used in 

automotive engines for power transmission. It usually consists of a tensioned (looped) 

belt and two or more drive shafts, where the belt is set on the pulleys of the drive shaft, 
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and it relies on the frictional force generated when the belt and pulleys are tensioned to 

transmit power. In this system, the belt is usually made of flat leather, rubber or fabric 

with good stretch. This system is very efficient in power transmission, but has the 

disadvantage of high vibration (Ding, 2018). However, the belt sometimes slips on the 

pulley, so the efficiency of the belt drive system is low, and the belt itself is weak in 

durability, and the belt will gradually elongate after long-term use. In this study, the 

steering column of the scooter acts as a pulley, and the rotary potentiometer acts as 

another pulley. A belt connects the two pulleys to form a belt drive system, and finally, a 

set of reduction gears reduces the steering angle to the desired range. The belt drive 

steering measurement system is a cost-effective and simple design, but the disadvantages 

of this system are also obvious. When the user suddenly turns the steering column, the 

belt and steering rod will slip, which will affect the accuracy of the test results. 

The other steering angle measuring design includes a more accurate and reliable three-

axis gyroscope chip. Today, the MEMS-based gyroscope sensors have become very 

small, light, and cost-efficient that most smartphones and tablets are equipped with such 

sensors. The 3-Axis MEMS-based gyroscope (MPU-9250) is used in this design.  

At first, the gyroscope sensor was placed on top of the steering column near the throttle. 

After several tests, it was found that the gyroscope readings were affected by the throttle, 

which contains magnets. Then the gyro sensor was moved to a lower position on the 

steering column away from the throttle and protected by a 3D printed box to ensure that 

the gyro sensor would not be damaged during testing. 
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3.5 Microcontroller 

Microcontroller unit (MCU) is known as a Single-Chip Microcomputer, which is a 

compact integrated circuit that usually includes a central process unit (CPU), memory, 

and input/output (I/O) (Shirriff, 2016). It can often be found in almost any electronic 

involved products such as mobile phones, remote controls, cars, space crafts, etc. 

 

The Internet of Things (IoT) is a new technology based on microcomputers and uses 

networks to enable machines and devices to interact with each other (Rouse, 2019). For 

example, a light bulb that can be controlled with a smartphone is an IoT device.  

 

Particle Photon is one of the most popular IoT devices for projects involving internet 

access (Particle.io). It can be programmed in C++, which means that the code written for 

Arduino can be copied and pasted onto Photon with only a few minor changes, making it 

more user-friendly. Because of that, the Particle Photon was used in the first design of the 

E-Scooter simulator. It is smaller than the Arduino board and allows wireless data 

exchange using the Internet or LAN, thus making the whole simulator more compact. 

Unfortunately, because of the ZouSim lab network setup, Particle Photon's network 

connection is very unstable, and sometimes the network latency can be very high. 

Because of its instability, Particle Photon was not used as the microcontroller for E-

Scooter simulator. 
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Arduino is a convenient, cost-effective, and easy-to-use open-source software 

development platform (Arduino Mega 2560). The most significant difference between it 

and Particle Photon is that it hardwired communications between devices, which makes 

Arduino more suitable for the E-Scooter simulator project. Figure 3.4 shows the ZouSim 

E-Scooter Simulator microcontroller design. The figure 3.4 shows the microcontroller 

setup for the E-Scooter Simulator, which consists of an Arduino Mega 2560 board, a 

potentiometer for measuring the brake, another potentiometer for measuring the throttle, 

and a gyroscope sensor for steering. 

 

Figure 3.4 ZouSim E-Scooter microcontroller design 
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CHAPTER 4: SOFTWARE DEVELOPMENT 

4.1 Simulator Engine 

Good characteristics of a simulator development platform include a friendly development 

environment and a complete physics engine system. All objects in the real world follow 

the laws of nature, and a good physics engine is essential to achieve the simulation of 

real-world dynamics. There are many 3D simulation engines on the market to choose 

from, such as Unity3D, CryEngine, and Unreal. All of which have very well-developed 

physics engine systems, each with its advantages and disadvantages. CryEngine's own 

ray tracing system can calculate the color of a pixel by tracking the path that light takes 

as it passes from the observer's eye to the 3D object. As light travels through the scene, it 

may reflect from one object to another (forming a reflection), be obscured by an object 

(forming a shadow) or pass through a transparent or translucent object (forming a 

refraction) to calculate the color of pixels. The advantages of Unity3D and Unreal are 

that they have a short learning curve, and they both support development on many 

different platforms (pc, smartphones). Still, the disadvantages are obvious, Unity3D is 

not suitable for large map development, and Unreal runs very hot (GPU temperature). 

Each development platform has its characteristics. Because Unity3D is used for other 

projects in the ZouSim simulator laboratory, Unity3D was chosen as the development 

platform for E-Scooter simulator development. 

 

4.2 Scene Creation 

The construction of a scene includes many items, such as streets, buildings, signs, sky, 

background vehicles, etc. The E-Scooter simulator scenarios are a network of two-way 
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single-lane roads, intersections, and trails based on Columbia, Missouri. All signage, 

markings, and striping were implemented according to the Manual on Uniform Traffic 

Control Devices (MUTCD) standards (FHWA, 2009). This test consists of 12 scenarios, 

8 of which are pre-education and 4 of which are post-education. And each scene was 

slightly different from the others. Figure 6 shows an example of ZouSim E-Scooter 

simulator scene development. In order to control for factors, 12 scenes are divided into 6 

groups. Each group has a pair of contrast scenes, and there is only one factor different 

between them, such as whether there is a background vehicle or whether there is a bike 

lane, etc. Two 3D editing software programs, SketchUp and Blender, were used in the 

scene creation process. Sketchup is typically used to edit large objects such as buildings, 

sidewalks, and traffic signals. Blender is used to edit details such as the slope of the 

sidewalk attached to the crosswalk. 

 

Any number of sound sources can be placed on any object in Unity3D, and they will 

function as speakers. The loudness of the sound varies with the distance to the sound 

source. When the observer is closer to the sound, the sound will become louder, and vice 

versa. When multiple sound sources are placed on the same object, the priority and range 

of each source can be adjusted individually. For example, the scooter sound and 

background noise are placed on the scooter with priorities of 70 and 30, which means that 

the scooter sound is much louder than the background noise. The sound effect of a car 

driving by is achieved by placing the vehicle sound source on the background vehicle, so 

the sound volume varies with the distance to it. 
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Figure 4.1 ZouSim E-Scooter scene development 

 

4.3 Scene Objects 

In the Unity3D simulator engine, each 3D object is composed of a mesh, and each mesh 

contains a number of polygons. The more details the object has, the more polygons. But 

having too many polygons can negatively affect the simulation, such as dropping frames, 

GPU and CPU running hot, and possibly even crashing during the simulation. In his 

research, Sun (Sun, 2018) has said that typically, the detailed model that is always close 

to the screen should have fewer than 100,000 polygons. The details of objects such as 

signs should be 1000 polygons or less. 

 

To make the simulation more realistic, colliders were added to all objects, so that when 

the scooter hits an object, it will produce a real physical collision effect. Without 
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colliders, objects will just pass through one another Furthermore, wheel colliders are 

added to all moving vehicles. It is a special collider for vehicles that integrated a lot of 

functions into one collider. In addition to bringing the realistic physical collisions effects 

to wheels, it can also be used to adjust the weight of wheels, the coefficient of friction 

between tires and ground, and the parameters of the suspension spring system. 

 

Generally speaking, the objects that appear in the scene can be divided into two main 

categories, fixed objects, and moving objects. Fixed objects include buildings, traffic 

lights, signs, and grass, etc. Creating a 3D fixed object in Unity3d can be achieved by 

importing a 3D model into Unity3d. On the other hand, moving objects include vehicles 

and pedestrians, which are more complicated to build because they are not fixed. Using 

an animation system is a common way to make objects move. The advantage of this 

method is that the animation of 3D objects can be made manually frame by frame. The 

disadvantage is that the animation can only be looped when it is triggered. To record an 

animation, simply open the built-in animation component that comes with Unity3D and 

add the corresponding model to the timeline. Using scripts is another way to make 3D 

object moves. The advantage of this method is that different trajectories can be triggered 

under different conditions. The disadvantage is that it may take a lot of time to do the 

coding and debug errors. Due to the complexity of the background vehicle in this 

scenario, the script approach was used in this test. Each background vehicle is equipped 

with a script for an active anti-collision system that actively slows down when the rear 

vehicle detects an approaching vehicle or pedestrian in front of it to avoid a crash. 
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4.4 Calibration 

Calibration is an important step besides building the simulator. Although Unity3d comes 

with a powerful physics engine, it is still necessary to calibrate the simulator. The 

calibration of the E-Scooter simulator includes throttle, brake, and steering. All 

calibration data are coming from real scooters to bring the most realistic feeling to the 

participants of this test. For example, the same model of Bird Shared E-Scooter was used 

for calibrating the throttle and brakes. All calibration tests were performed on a flat and 

dry surface to obtain the best results, and all test data were captured through the scooter's 

built-in speedometer. Additional formulas are needed when performing the 

braking/deceleration test because the scooter's built-in speedometer system only displays 

the current speed. There are two ways to calculate the deceleration rate: speed difference 

and time, and speed difference and distance. After comparison, the first method was 

adopted because calculating speed difference and time is more accessible than calculating 

speed difference and distance. In addition, a high-definition sports camera that was 

attached to the tester's helmet was used to record the steering angle of the handlebars and 

wheels of the scooter. Finally, all test data were brought back to the lab and statistically 

analyzed before being put into the simulator.  
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CHAPTER 5: SIMULATOR DATA ANALYSIS 

5.1 Simulator Data Reduction 

A total of 25 human subjects participated in this study, and each of them generated an 

independent set of data. The conclusions of this study are based on these data. These data 

can be divided into three categories. The first category is screen recording data. From the 

beginning to the end of each human subject trial, all kinematic information on the E-

Scooter is captured by screen recording, including instantaneous speed and the distance 

to the front vehicle. The second type of data is eye-tracking data, which shows the 

location where the pupil is glancing. The last type of data is physiological data, which 

shows the human subject's stress level.  

The captured data cannot be used directly; it needs to be converted into quantitative data 

first. This task is very detailed and requires a lot of labor and time to complete. Several 

research assistants were involved in this work, each with a different mindset and different 

standards for handling the data. A consistent data simplification process was 

implemented in order to standardize the data processing. 

To ensure consistent data processing, each human subject's data was processed by the 

same research assistant. The first step in processing data is to combine the three video 

files together to form a new video file, with the physiological information at the top, the 

eye tracking video at the bottom left, and the screen recording video at the bottom right. 

The most important thing during this process is to ensure that all three videos have to be 

synchronized before they were put together. Figure 5.1 shows a screen capture of the 
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combined video, which provides detailed information on all rider behavior. 

Unfortunately, the eye tracker did not work for everyone; it cannot be used on human 

subjects who wore glasses. Therefore, the data of some human subjects do not include 

eye tracking data. 

 

Figure 5.1 Example of Combined Video File Screen Capture 

 

All measurements were taken from the video for each scenario driven by a human 

subject. One measurement taken from the eye tracker is whether a human subject glanced 

at the “No E-Scooter Riding on Sidewalk” sign or not. Figure 5.2 Shows an example of 

human subject glanced at the “No E-Scooter Riding on Sidewalk” sign. Similarly, some 

other measurement can also be taken from the eye tracker, such as whether a human 

subject glanced at the bike lane sign or not. Figure 5.3 Shows an example of human 

subject glanced at the bike lane sign. Another important measurement is the E-Scooter 
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speed which can be obtained from the bottom left side of the video. Figure 5.4 Shows an 

example of E-Scooter speed.  

 

Figure 5.2 Example of a Glance at “No E-Scooter Riding on Sidewalk” sign 

 

 

Figure 5.3 Example of a Glance at bike lane sign 



23 

 

 

Figure 5.4 Example of capture E-Scooter speed 

 

A distance measuring system was developed since the distance to the front vehicle cannot 

be measured directly in the video. To achieve this goal, a distance scale is overlayed onto 

the screen recording video. Figure 5.5 shows an example of a distance scale. There are 

three different markers on the scale, the red ball is 5 feet apart, the shorter markers are 10 

feet apart, and the longer markers are 20 feet apart. The distance to the front vehicle can 

be measured by simply overlaying the scale onto the video. 
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Figure 5.5 Example of distance measuring scale 

 

The last data that needs to be recorded is the human subject’s stress level, which can be 

obtained from the graph at the top of the video. The top graph includes two sets of data, 

and the first one is Electrodermal Activity (EDA), also known as skin conductivity 

activity. It refers to the electrical changes measured on the surface of the skin. Generally 

speaking, when a human subject experiences emotional changes, the brain sends signals 

to the skin, and the skin will secrete sweat, thereby increasing the skin's electrical 

conductivity. There are many ways to measure skin conductivity, and the Empatica E4 

does this by passing a weak current between two electrodes in contact with the skin. The 

second set of data is the Blood Volume Pulse, as known as BVP. It is obtained through a 

set of ppg (photoplethysmography) sensors with some algorithms. PPG sensors use a 

light-based technology to sense the rate of blood flow as controlled by the heart's 

pumping action. Figure 5.6 Shows an example of Empatica E4 data. 
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Figure 5.6 Example of Empatica E4 data 

 

5.2 Simulator Data Results  

After turning all the video data into quantitative data, the comparison between scenarios 

begins. All the scenarios were divided into multiple comparison groups according to the 

variables. Two statistical methods were applied to compare the data: McNemar's test and 

chi-square test, McNemar's test is often used to compare between paired nominal data 

(Lachenbruch, 2014), before using it, the data to be compared are grouped into a 2x2 

table, Table 5.1 shows an example of McNemar’s test 2x2 table. The McNemar’s test 

statistic follows the chi-square distribution. 

Table 5.1 Example of McNemar’s test 2x2 table 

  
After Education 

  
Sidewalk Street Total 

Before 

Education 

Sidewalk 2 15 17 

Street 
 

8 8 

Total 2 23 25 
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5.2.1 The Impact of Education on Rider’s Behavior: Glance at “No E-Scooter 

Riding on Sidewalk” Sign  

The comparison between pre and after education on glance at “No E-Scooter Riding on 

Sidewalk” sign shows clearly the effect of education on E-Scooter behavior. The 

conclusion is divided into four parts according to different traffic conditions. Table 5.2 

shows the specific conclusions. The p-value represents the significance level or reciprocal 

of confidence level. For example, a p-value of 0.001 is equivalent to a statistical 

confidence of 99.9%. In this study, the smaller the p-value or the greater the confidence 

level, means that education has a greater impact on rider’s glance at “No E-Scooter 

Riding on Sidewalk” sign. 

Table 5.2 indicates that education has a positive effect on rider's behavior in all four 

scenarios. In scenarios such as no bicycle lanes no background vehicles, no bicycle lanes 

with background vehicles, and with bicycle lanes with background vehicles, their p-

values are 0.1797, 0.1797, and 0.0253, respectively. These p-values prove that education 

has a positive impact on glance at “No E-Scooter Riding on Sidewalk” sign at some level. 

In the case of with bicycle lanes no background vehicles, it’s p-value shows 0.3173, 

which indicates that the effect is not statistically significant. Overall, the impact of 

education on glance at the “No E-Scooter Riding on Sidewalk” sign is positive and 

statistically significant. 
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Table 5.2 Comparison on Glance at “No E-Scooter Riding on Sidewalk” Sign 

Traffic Condition 

(Scenarios)  

W/O Bike 

Lane W/O 

Vehicle 

W/O Bike 

Lane W/ 

Vehicle 

W/ Bike 

Lane W/O 

Vehicle 

W/ Bike 

Lane W/ 

Vehicle 

Pre education # of riders 

glanced 

8 9 8 8 

Post education # of riders 

glanced 

11 12 10 13 

Difference 3 3 2 5 

χ2 1.8 1.8 1 5 

p-value 0.1797 0.1797 0.3173 0.0253 

Confidence level 82.03% 82.03% 68.27% 97.47% 

 

5.2.2 The Impact of Education on Rider’s Behavior: Road Preference 

E-Scooters can reach a top speed of 20 miles per hour, and some models with high power 

motors can even reach 25 miles per hour. While pedestrians only go 3 to 4 mph, this 

means that E-Scooters can go five times faster than pedestrians. So, riding an electric 

scooter on the sidewalk has risks because of the high speed differentials between E-

Scooters and pedestrians.  

Table 5.3 shows the comparison of the rider’s road preference between pre and post 

education. P-values refer to the similarity of the data before and after education. Lower p-

value means that there is stronger evidence in favor of the alternative hypothesis, in this 
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case it indicates that education has more influence on human subjects, and vice versa. 

The table contains data for four different road conditions, each with p-values less than 0. 

001, implying that education has a very strong influence on the choice of facility. For 

example, when the road condition is with bicycle lane without vehicle, only 8% of human 

subjects would choose to ride on a bicycle lane before they were educated, and 92% of 

human subjects would choose to ride on a bicycle lane after they were educated. 

Table 5.3 Comparison on Rider’s Road Preference Between Pre and Post Education 

Traffic Condition W/O Bike 

Lane W/O 

Vehicle 

W/O Bike 

Lane W/ 

Vehicle 

W/ Bike 

Lane W/O 

Vehicle 

W/ Bike 

Lane W/ 

Vehicle 

Pre 

education  

Street 9 (36%) 8 (32%) 2 (8%) 4 (16%) 

Sidewalk 16 (64%) 17 (68%) 15 (60%) 12 (48%) 

Bike lane   8 (32%) 9 (36%) 

Post 

education  

Street 24 (96%) 23 (92%) 2 (8%) 2 (8%) 

Sidewalk 1 (4%) 2 (8%) 0 0 

Bike lane   23 (92%) 23 (92%) 

χ2 15 15 13.2352 14 

p-value 0.0001 0.0001 0.0003 0.0002 

Confidence level 99.98% 99.98% 99.97% 99.98% 
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5.2.3 The Impact of Education on Rider’s Behavior: Glance at Bike Lane Sign 

Riding an E-Scooter is more physically demanding than driving a car. When riding a E-

Scooter, the rider not only needs to pay attention to the changes in road conditions, but 

also needs to maintain their balance. Therefore, sometimes riders ignore the signages on 

the side of the road because they pay too much attention to the road. This test compares 

the changes in riders' attention to bike lane signage before and after education. The test 

includes two traffic conditions, with and without vehicles. It can be found from Table 5.4 

that when there is no vehicle in the scenario, education has no effect on the riders' 

attention to the bike lane signage. When there is vehicle in the scenario, the p-value is 

0.4795, which means that the effect of education on riders' attention to the bike lane 

signage is not statistically significant. In summary, this test indicates that education has 

only a very small impact on riders’ attention to the bike lane signage. The reason may be 

that the test simple is relatively small. 

Table 5.4 Comparison on Glance at Bike Lane Sign 

Traffic Condition W/O Vehicle W/ Vehicle 

Pre education # of riders glanced 11 10 

Post education # of riders 

glanced 

11 12 

Difference 0 2 

χ2 0 0.5 

p-value 1 0.4795 

Confidence level 0% 52.05% 
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5.2.4 The Impact of Education on Rider’s Behavior: Follow or Bypass 

Next subject is to study whether education will change the rider's following behavior. 

There are two traffic conditions included in this study, with and without bike lane. The 

behaviors of all human subjects were divided into three categories, follow, bypass, and 

sidewalk. In the pre-education scenarios, most human subjects will choose to ride on the 

sidewalk regardless of whether there is a bicycle lane or not. This situation has been 

improved in the post-education scenarios. From Table 5.5, it can be found that most of 

human subjects change their mind after education, they went from riding on sidewalk to 

riding on street. Which indicates that education has an influence on rider’s behavior. 

Another conclusion can also be drawn from this test is that when there is no bicycle lane, 

almost all human subjects choose to follow the vehicle in front. When there is a bicycle 

lane, almost all human subjects chose to ride on the bicycle lane. 
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Table 5.5 Comparison on follow or bypass the front vehicle 

Traffic Condition W/O Bike 

Lane  

W/ Bike 

Lane  

Pre education Follow 5 5 

 Bypass  2 10 

 Sidewalk 16 10 

Post 

education 

Follow  21 4 

 Bypass 2 21 

 Sidewalk 0 0 

χ2 16 11 

p-value 0.0001 0.0009 

Confidence level 99.99% 99.90% 

 

5.2.5 Safe Following Distance 

Last but not least, through further analysis of the screen recording, two charts were made 

to study the rider’s safe following distance. Chart a in Figure 5.7 represents the distance 

between the rider and the vehicle in front when the rider starts to release the accelerator. 

Chart b in Figure 5.7 represents the distance between the rider and the vehicle in front 

when the rider starts to brake. It can be found that both charts follow the normal 

distribution. In chart a, the most common range of distance that riders start to release the 

throttle is 40-49ft, 36% of human subjects will release the throttle within this distance, 

and 68% the human subjects will release the accelerator when the vehicle in front is 30-
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60ft away. In chart b, the most common range of distance riders start to brake is 20-29ft, 

40% of human subjects will start to brake within this distance, and 68% of the human 

subjects will start to brake when the vehicle is in front is 20-40ft away. 

 

(a)                                                        (b)  

Figure 5.7 Safe Following Distance 

 

5.3 Survey Results 

Each human subject received a post-simulator survey after the simulator portion was 

completed. The survey includes multiple choose questions that ask about preferences on 

E-Scooter signages and so on. Open-ended questions are also included so that human 

subjects can better explain their opinions. All sensitive information is kept confidential to 

protect the privacy of human subjects, and each participant received a gift certificate of 

$20. 

 

0

2

4

6

8

10

0-
9

1
0

-1
9

2
0

-2
9

3
0

-3
9

4
0

-4
9

5
0

-5
9

6
0

-6
9

7
0

-7
9

8
0

-8
9

9
0

-9
9

co
u

n
t

distance range (ft)

Distance to release throttle

0

5

10

15

co
u

n
t

distance range (ft)

Distance to brake



33 

 

5.3.1 E-Scooter Familiarity 

The first question in the post-simulator survey is to analyze the human subject’s 

familiarity with E-Scooters. It can be found from Figure 5.8 that 52% of the human 

subjects have never ridden an E-Scooter, while the remaining 48% of the human subjects 

had experience with E-Scooters. This suggests that half of the final results of this survey 

was answered by people who do not know about E-Scooters, and the other half was 

answered by people who know about E-Scooters. With a population of 124,519 (100), 

Columbia, Missouri, is a relatively small city. In large cities such as New York or Los 

Angeles, the proportion of people who have experience with E-Scooters may be larger. 

 

Figure 5.8 E-Scooter Familiarity 

 

5.3.2 Primary Usage 

The second question asks about the primary use of E-Scooter, with a total of four options 

to choose from: commuting to work or school, short distance trip, as part of longer trip, 

and for fun. Figure 5.9 shows that nearly half of the human subjects (49%) selected their 

52%
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primary use of E-Scooter is for fun. 24% of the human subjects choose their primary use 

of E-Scooters is to commute to work or school. 

 

Figure 5.9 E-Scooter Primary Usage 

 

5.3.3 Helmet Usage 

Question 3 is asks about the helmet usage while riding E-Scooters. A study found that the 

most common injuries associated with E-Scooters were head injuries (40.2%), fractures 

(31.7%) and soft tissue injuries (27.7%), and that only 4.4% of riders admitted they had 

worn a helmet while riding scooters (Trivedi, 2019). Figure 5.10 shows that 76% of the 

human subjects admitted that they never wore a helmet while riding E-Scooters, and only 

8% said they always wore a helmet while riding. 

24%
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8%

19%
Communting to work or
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Figure 5.10 E-Scooter Helmet Usage 

 

5.3.4 Riding Preferences 

Question 4 asks participants about their riding preferences for street, sidewalk, and bike 

lane. The survey result shows that 16% of participants preferred to ride on the street, 28% 

preferred to ride on the bike lane, and more than half (56%) of participants preferred to 

ride on sidewalks even after receiving education. Some people explain that they are 

nervous about sharing lanes with vehicles on the street. Others explain that they believe 

vehicles are more dangerous to E-Scooters than E-Scooters are to pedestrians. 

76%

4%

12%

8%

No, not at all
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Sometimes

Yes always
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Figure 5.11 Riding Preferences 

 

5.3.5 Following behavior 

Question 5 and 6 asks about the E-Scooter following behavior. Question 5 asks that 

“What do you usually do if there is a slow-moving vehicle in front of you?”. 52% of 

participants said they would bypass the front vehicle, and 48% said they would follow 

behind the front vehicle. Question 6 asks that “What do you usually do if the vehicle in 

front of you starts to slow down?”. 80% of participants choose to follow behind the front 

vehicle, and 20% choose to bypass the front vehicle. 

16%

56%

28%
Street

SideWalk

Bike Lane
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Figure 5.12 Following Slow Moving Vehicle 

 

 

Figure 5.13 Front Vehicle Slow Down 

 

5.3.6 General Questions 

Question 7, 8, and 9 asks some general questions about E-Scooters. Question 7 asks 

whether E-Scooters should be allowed to ride on sidewalks. Figure 5.14 shows that 52% 

52%
48%

Bypass the vehicle

Follow behind the vehicle

20%

80%
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Follow behind the vehicle
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of participants think E-Scooters should be allowed to ride on sidewalks. The same reason 

in question 4 is that they believe vehicles are more dangerous to E-Scooters than E-

Scooters are to pedestrians. Question 8 asks that whether a driver’s license is required to 

operate an E-Scooter. Figure 5.15 shows that 72% of participants agreed that a driver’s 

license is required to operate an E-Scooter. Question 9 asks about their opinion on 

whether ride E-Scooters can reduce the spread of COVID-19. Figure 5.16 shows that 

76% of participants think riding E-Scooters is a good idea to reduce the spread of 

pandemics like COVID-19. 

 

Figure 5.14 E-Scooters Ride on Sidewalk 
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48%

Yes

No



39 

 

 

Figure 5.15 Riding E-Scooter Require Driver’s License 

 

 

Figure 5.16 E-Scooters Can Reduce the Spread of Pandemics 

 

5.3.7 E-Scooter Signages 

Question 10 involved two sign options designed for E-Scooters shown in Figure 5.17. 

Design A includes no E-Scooter picture on top with text explanation on the bottom, 

design B is text only. The survey result shows that 96% participants agreed signage A is 

better because it is obvious and easy to understand. 
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24%
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76%

24%

Yes

No
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(a)         (b) 

Figure 5.17 E-Scooter Signages 

 

5.3.8 E-Scooter Benefits 

Question 11 asks about people thoughts on the possible benefits of E-Scooters. Part (a) 

talked about whether E-Scooters provide useful mobility options for the public, with 92% 

of participants strongly agreed or agreed this opinion (Figure 5.18 (a)). Part (b) talked 

about whether E-Scooters can replace some Uber/Lyft rides, 52% of participants strongly 

agreed or agreed that E-Scooters can replace some Uber/Lyft rides, 36% strongly 

disagreed or disagreed this opinion, and 12% stood on neutral ground (Figure 5.19 (b)). 

Part (c) talked about whether E-Scooters are a good solution for last mile problems, 92% 

participants strongly agreed or agreed that E-Scooters are a good solution for solving the 

last mile problems. Part (d) asks that whether E-Scooters are environmentally friendly, 

76% of participants strongly agreed or agreed that they are environmentally friendly, and 
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12% of participants strongly disagreed or disagreed because the manufacturing process of 

batteries is not environmentally friendly (Figure 5.21 (d)). 

 

Figure 5.18 (a). E-Scooters Provide Useful Mobility Options 

 

 

Figure 5.19 (b). E-Scooters Can Replace Some Uber/Lyft Rides 

 

32%

60%

8%
0%0%

Strongly agree

Agree

Neutral

Disagree

Strongly disagree

16%

36%
12%

20%

16% Strongly agree

Agree

Neutral

Disagree

Strongly disagree



42 

 

 

Figure 5.20 (c). E-Scooters Are Good Solution for Last Mile Problems 

 

 

Figure 5.21 (d). E-Scooters Are Environmentally Friendly 

 

5.3.9 E-Scooter Challenges 

Question 12 discusses some challenging aspects of E-Scooters. Part (a) asks participants' 

opinions on whether scooting on sidewalks is a safety risk to people are walking. 68% of 

participants strongly agreed or agreed that it is a safety risk to surrounding people, 8% of 

participants disagreed, and 24% stood on neutral ground (Figure 5.22 (a)). Part (b) asks 

that whether parked E-Scooters on sidewalks block the path of travel for pedestrians, 
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56% of participants strongly agreed or agreed that parked E-Scooters block the 

pedestrians’ travel path on sidewalks (Figure 5.23 (b)). Part (c) discusses the potential 

risk that some people on E-Scooters ride dangerously and could hurt someone or 

themselves, with 92% of participants strongly agreed or agreed (Figure 5.24 (c)). 

 

Figure 5.22 (a) Scooting on Sidewalks Safety Risk 

 

 

Figure 5.23(b) Parked E-Scooters on Sidewalks Block Path 
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Figure 5.24(c) E-Scooters Potential Risks 

 

5.3.10 Simulator Fidelity 

Question 13, 14, and 15 are related to simulator fidelity. Question 13 asked if the 

participant felt like they were actually riding in a downtown area. A large majority, 68% 

agreed, while 8% disagreed. Question 14 asked if the participant can ride the E-Scooter 

simulator freely, 80% agreed while 16% disagreed. Question 15 asked if riders 

encountered any problems, with 68% reported no problems. Most of the problems 

encountered during the test came from the eye-tracking device. The need to turn off 

unnecessary lights during the test and the need for some participants to wear prescription 

glasses caused the eye-tracking device to not work properly. 
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Figure 5.25 Felt Like Downtown 

 

 

Figure 5.26 Could Drive Freely 

 

5.3.11 Subjects Demographics 

Question 16 through 19 involve respondent demographics. Figure 5.27 shows that the age 

distribution of the human subjects was skewed towards younger populationAs shown in 

Figure 5.28, the gender distribution was fairly equal with 48% female and 52% male. 

Participants were 92% urban and 8% rural. 
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Figure 5.27 Age Distribution 

 

 

Figure 5.28 Gender Distribution 
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CHAPTER 6: CONCLUSION 

Although E-Scooters have been around for nearly five years since they were introduced 

to the United States in 2017, their regulations and laws are not uniform across the 

country. For example, as of January 2021, E-Scooters are street-legal in 38 of the U.S. 

states, while another 10 states consider them illegal on the streets. Among those 38 states, 

only 5 of them allow E-Scooters on sidewalks: Arizona, Iowa, Louisiana, Rhode Island, 

and Virginia. 19 of them fail to mention sidewalk use in their regulations at all. The 

remaining 14 states do not allow E-Scooters to be ridden on sidewalks (Parker Waichman 

LLP, 2021). 

The E-Scooter simulator mentioned in this paper is an effective and flexible tool for 

analyzing the riding behavior of participants. The scenarios in the simulator can be 

adjusted as needed. For example, when conducting a study on road signs, different road 

signs will be placed in scenarios. In addition, the simulator can control variables well so 

that every human subject experiences the same scenario, which would be difficult to 

achieve on a real road. 

A clear finding of this study is that public education has an influence on most E-Scooter 

riders. Most of the subjects were not familiar with E-Scooter regulations and offered a 

perspective of the novel rider. From the test data, it can be seen that in the pre-education 

scenarios, more than half of the human subjects choose to ride on the sidewalk. In the 

post-education scenarios, almost no one rode on the sidewalk anymore, which shows that 

the public education is very effective. The eye-tracking data also indicates that after 

education, more human subjects will pay attention to and obey the E-Scooter signages on 

the road. Last but not least, the test data also shows that in the absence of a bike lane, 
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most human subjects tended to follow behind the slow-moving front vehicle, while in the 

presence of a bike lane, most tended to bypass the slow-moving front vehicle from the 

bike lane.  

From the statistics of the survey results, most people admit that they never wear a helmet 

when riding E-Scooters because they find it’s inconvenient to carry a helmet and 

sometimes the helmet can block their vision. This shows that there is a great need for 

public education on E-Scooter. 

From the statistics of the survey result, most of the human subjects indicate that they 

would prefer to ride on the sidewalk than riding on the road. They said that they 

understand the speed of E-Scooters is much higher than the pedestrians’ walking speed, 

and riding on the sidewalk might have potential risks to pedestrians. However, they 

believe that the speed of vehicles on the road is much higher than that of E-Scooters. 

Compared with the potential risk of E-Scooters to pedestrians, vehicles on the road are 

more harmful to E-Scooters which makes them feel more comfortable to ride on the 

sidewalk. From the comparison of two different E-Scooter signages, most of the subjects 

agreed that the signage with picture and text are more attractive to riders than signage 

with text only. A policy implication of these findings is that regulators might consider 

riders’ preference for riding on sidewalks. As the survey of regulations indicate, most 

jurisdictions do not allow E-Scooters on sidewalks.  
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 APPENDIX A: E-Scooter Simulator Survey 

Participant #: ___      Date 

_______________________ 

Evaluation of E-Scooter Simulator Study 

E-Scooters are new for micro-mobility, but we know very little about people's behavior 

or preference with using them, your opinion will help us improve the safety and 

operations of E-Scooters.  

 

Please answer the following questions about your E-Scooter experiences: 

1. How many times have you used an E-Scooter?  

[  ] 0       [  ] 1-5  

[  ] 5-10      [  ] 11-20  

[  ] 20-50      [  ] > 50   

 

2. What are your primary uses of E-Scooter? [check all that apply] 

[  ] For fun 

[  ] Commuting to work or school 

[  ] Short distance trip (e.g. lunch, groceries, friends) 

[  ] Part of a longer trip.  

[  ] Other (specify): ________________ 

 

3. Do you wear helmet while riding E-Scooters? 

[  ] Yes, Always [  ] Sometimes  [  ] Barely  [  ] No, not at 

all 

 

4. What part of the road do you prefer to ride E-Scooter on most often? (Rank 

them with numbers based on your preference. Ex: 1, 2, 3) 

[   ] Street  [   ] Bike Lane  [   ] Sidewalk 

 

5. What do you usually do if there is a slow-moving vehicle in front of you? 

[  ] Follow behind the vehicle   [  ] Pass the vehicle 

 

6. What do you usually do if the vehicle in front of you starts to slow down? 

[  ] Follow behind the vehicle   [  ] Pass the vehicle 

 

7. Do you think E-Scooters should be allowed on sidewalks? 

[  ] Yes      [  ] No 

 

8. Do you think operate an E-Scooter requires driver’s license? 

[  ] Yes      [  ] No 

 

9. Do you think E-Scooters would be a good transportation option during 

pandemics like COVID-19? 

[  ] Yes      [  ] No 
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10. Which of the following signage works better? 

 

 

 

 

 

 

 

  

              [  ]                                     [  ] 

11. Please share your thoughts on the following possible benefits of E-Scooters?  

a. E-Scooters provide useful mobility options for people 

[ ] Strongly agree  [ ] Agree  [ ] Neutral  [ ] Disagree  [ ] Strongly 

disagree 

b. E-Scooters can replace some Uber/Lyft rides 

[ ] Strongly agree  [ ] Agree  [ ] Neutral  [ ] Disagree  [ ] Strongly 

disagree 

c. E-Scooters are good solution for last mile problem (last mile problem refers to 

describe the movement of people from a transportation hub to a final 

destination). 

[ ] Strongly agree  [ ] Agree  [ ] Neutral  [ ] Disagree  [ ] Strongly 

disagree 

d. E-Scooters are environmentally friendly 

[ ] Strongly agree  [ ] Agree  [ ] Neutral  [ ] Disagree  [ ] Strongly 

disagree 

12. Please share your thoughts on the following challenging aspects of E-

Scooters? 

a. People scooting on sidewalks are a safety risk to people walking 

[ ] Strongly agree  [ ] Agree  [ ] Neutral  [ ] Disagree  [ ] Strongly 

disagree 

b. Parked E-Scooters on sidewalks block the path of travel for pedestrians 

[ ] Strongly agree  [ ] Agree  [ ] Neutral  [ ] Disagree  [ ] Strongly 

disagree 

c. Some people on E-Scooters ride dangerously and could hurt someone or 

themselves 

https://en.wikipedia.org/wiki/Transportation_hub
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[ ] Strongly agree  [ ] Agree  [ ] Neutral  [ ] Disagree  [ ] Strongly 

disagree 

Please answer the following questions about your simulator experience. 

13. I felt like I was actually there in a downtown area. 

[ ] Strongly agree  [ ] Agree  [ ] Neutral  [ ] Disagree  [ ] Strongly 

disagree  

14. I felt like I could use the E-Scooter freely.  

[ ] Strongly agree  [ ] Agree  [ ] Neutral  [ ] Disagree  [ ] Strongly 

disagree  

15. Did any issues arise during the use of the E-Scooter simulator? 

[  ] Yes       [  ] No  

If yes, please explain the issue(s) that you experienced: 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

__________________ 

Please answer the following demographic questions. 

 

16.  Age range  

[ ] 18-25    [ ] 26-40     [ ] 41-55      [ ] 56-70       [ ] 71-95 

 

17.  Gender 

[  ] Male       [  ] Female  

 

18.  My Residency 

[  ] Urban      [  ] Rural 

 

19.  My Regular Vehicle Type 

[  ] Passenger Car       [  ] Vehicle towing trailer  [  ] Delivery/Moving 

Truck 

 

[  ] Tractor trailer truck  [  ] Bus  

 

20.  Please enter any additional comments you may have regarding this study. 

________________________________________________________________________

________________________________________________________________________

____________ 

________________________________________________________________________

______ 
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Please contact Dr. Carlos Sun (csun@missouri.edu) for additional comments, 

concerns or information on this survey. Thank you for completing this survey! We 

greatly appreciate your time! 

Simulator Sickness Questionnaire 

Instructions: Circle how much each symptom below is affecting you right now. 

 

1. General discomfort    None  Slight  Moderate

 Severe 

 

2. Fatigue     None  Slight  Moderate

 Severe 

 

3. Headache     None  Slight  Moderate

 Severe 

 

4. Eye strain     None  Slight  Moderate

 Severe 

 

5. Difficult focusing    None  Slight  Moderate

 Severe 

 

6. Salivation increasing   None  Slight  Moderate

 Severe 

 

7. Sweating     None  Slight  Moderate

 Severe 

 

8. Nausea     None  Slight  Moderate

 Severe 

 

9. Difficulty concentrating   None  Slight  Moderate

 Severe 

 

10. Fullness of the Head    None  Slight  Moderate

 Severe 

 

11. Blurred vision    None  Slight  Moderate

 Severe 

 

12. Dizziness with eyes open   None  Slight  Moderate

 Severe 

 

13. Dizziness with eye closed   None  Slight  Moderate

 Severe 

 

mailto:brownhen@missouri.edu
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14. *Vertigo     None  Slight  Moderate

 Severe 

 

15. **Stomach awareness   None  Slight  Moderate

 Severe 

 

16. Burping     None  Slight  Moderate

 Severe 

 

* Vertigo is experienced as loss of orientation with respect to vertical upright. 

** Stomach awareness is usually used to indicate a feeling of discomfort which is just 

short of nausea. 
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 APPENDIX B: E-Scooter Simulator Data Reduction Process 

Tutorial for E-Scooter Simulator project data reduction 

Preparation  

 
Data download:  

1: Download videos from:  

https://missouri.box.com/s/ptbvle2ffi1exgw4omjkzk9dxdaxyaqq 

 

2: Save the videos to your local hard drive to avoid lags  

Video player download – Avidemux or VLC (Avidemux recommended):  

Download Avidemux video player from here: 

http://avidemux.sourceforge.net/download.html  

For windows users: Please check if your computer is 32 bits or 64 bits before you download.  

 

Avidemux tutorial  

 

1. Double click the Avidemux icon  to open the player.  

 

2. After opening Avidemux, open the video you would like to view, by clicking File -> 

Open. 

       (Do not double click on the video icon directly, that would not work.)  

        
 

3. Avidemux will ask you if you would like to load all files, say no to save space of 

RAM.  

        
 

4. When the video is not playing, you could drag the progress bar to desired place. 

 
 

5. Some useful hot keys 

- Up/down arrow – 1 second advance/reverse (Continually pressing it will keep 

moving)  

https://missouri.box.com/s/ptbvle2ffi1exgw4omjkzk9dxdaxyaqq
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- Right/left arrow: forward/reverse step, forward play and reverse play by frame  

(Continuously pressing it will keep moving forward/reverse)  

- Space bar – play/pause  

 

       

 

6. Pay attention to millisecond time code on bottom left of screen, take records when 

needed.  

        
 

You can either type it in the excel worksheet or copy (ctrl+c) and paste (ctrl+v). Note 

that time stamp columns have to be in this cell format mm:ss.000, so do not change 

the cell formats. In case the formatting is not correct, you may right click on the 

columns, go to format cell, custom, choose mm:ss.000. 

 
 

 

If Avidemux does not work for you, you may use VLC instead. To download, click 

here: https://www.videolan.org/vlc/ 

  

VLC tutorial – similar to Avidemux.  

 

To show millisecond time, please follow the link below: 

https://youtu.be/BuZ8Wj3Qjdk 

 

Alt + left or right arrow - Short skip forward/back  

Forward frame – E  

Hotkeys of VLC could be found here: https://wiki.videolan.org/Hotkeys_table/ 

 

https://www.videolan.org/vlc/
https://youtu.be/BuZ8Wj3Qjdk
https://wiki.videolan.org/Hotkeys_table/
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Data reduction  

 
Download the data reduction sheet from 

https://missouri.box.com/s/ptbvle2ffi1exgw4omjkzk9dxdaxyaqq 

 

When you are done, upload your sheet and name it as “E-Scooter sim participant number 

your name date.xlsx”, for example: “E-Scooter sim #5 Weitong 5.4”, and upload it to Box. 

Do NOT replace other people’s work. 

The eye tracking video may not work in some videos, you could leave the eye tracking data 

empty. 

 

 
1. In the excel file, open one sheet for each participant. Rename the sheet to participant 

number, for example “#5”.  

2. For all participants, the scenario order is the same (from 1 to 12). Scenarios 1-8 are 

before education, 9-12 are after education. 

https://missouri.box.com/s/ptbvle2ffi1exgw4omjkzk9dxdaxyaqq
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3. Record the time stamp at the beginning of each scenario. The E-Scooter start position 

for each scenario will always be park by the bike rack with speed of 0 mph. 

 

 
 

4. Capture if participant glanced at “No E-Scooter Riding on Sidewalk” sign. As long as 

the eye tracker bubble touch the sign, including the stand of the sign, we regard it as 

“yes”. Even if the sign is still far away, it counts.  
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5. After entering the test section (pass the first traffic signal), mark if the scooter is 

riding on the street, bike lane or sidewalk. 

 

 

6. Capture if participant glanced at “Bike Lane” sign. As long as the eye tracker bubble 

touch the sign, including the stand of the sign, we regard it as “yes”. Even if the sign 

is still far away, it counts. 

 

 

 

 

 

 

 

 

 

 

 

7. Capture the distance between the vehicle and scooter when scooter starts to slow 

down. 

 

- download the E-Scooter distance check PNG from Box / Data Reduction folder. 
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- open the original screen recording video and use a ruler to measure the distance 

from the bottom of the rear tire to the bottom of the screen. 

  

- open the E-Scooter distance check PNG with same monitor and place the ruler on 

the distance check mark to get the estimate distance.

 

Note: red sphere is 5 ft apart, short red line is 10 ft apart, and the long red line is 20 ft 

apart. 

 

 

8. After approaching the vehicles, if riding on street or bike lane, did participant bypass 

or follow vehicles. 
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9. Capture if participant feel stressed when following behind, parallel, and bypass the 

vehicle. The more frequent up and down movement on the BVP chart the more 

stressed the participant feels. 

 

 

 

10. Capture if participant ride on the crosswalk when crossing the second intersection.  

 

 

 

11. Mark the time stamp at the end of each scenario. The next scenario will automatically 

load up after the first scenario is done, there will be three seconds blackout between 

each scenario, go back to the last frame of the previous scenario, mark it.  
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12. Write down which part of the street did the participant ride on most often. (left, 

center, or right) 

  


