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Theobjective of thepaper is to present applicationof someartificial intelligence (AI) principles and techniques for designof

a simulation system for teaching concepts in transportation engineering. The AI techniques can support development of

key features of the simulation system, such as a road system, a vehicle, rectilinear and curvilinearmotion, braking patterns,

etc. By adopting a simulation system for learning, students, as users of the system, can actively participate in constructing

graphic scenarios that illustrate different concepts in transportation engineering. The simulation system can support

visualizations of various scenarios, which illustrate concepts often presented as simple equations in a traditional lecture

hall setting. In addition to discussing application of the AI techniques for designing the simulation system, the paper also

presents an overview of research studies related to gamification of educational software systems and its application in

transportation engineering education.
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1. Introduction

The need to improve pedagogy in science and

engineering education is widely recognized as an

important goal. A discussion that mainly refers to

science and engineering education in the United

States indicated that almost all students (98%)
who dropped out of engineering and 86% of those

who continued their studies cite ‘‘poor teaching by

faculty’’ as a major concern [1]. The poor pedagogy

to which they refer is essentially the lecture format

characteristic of undergraduate science and engi-

neering classes [2]. Canada similarly faces a shortage

of highly trained scientists and engineers. A report

published by Council of Canadian Academies,
which is entitled ‘‘Enabling sustainability in an

interconnected world’’, suggests that in the field of

information, communications, and technologies or

ICT,Canada faces projected shortages in ICT talent

on both the supply and demand sides: ‘‘On the

demand side, there is a growing need for ICT

professionals in the ICT sector as well as in other

sectors such as finance, education, andmanufactur-
ing [3]. On the supply side, universities (a key talent

pool for the ICT sector) may not be producing

sufficient graduates in ICT-related fields, such as

computer science and engineering’’ [4].

Gamification of science and engineering educa-

tion has the potential to alleviate this problem of

poor pedagogy. Gamification refers to the applica-

tion of game principles and mechanics to non-game
contexts so as to make practical activities or tasks

more fun and enjoyable. The intent of gamification

is to change ‘‘the way in which specific activities and

processes operate’’ by redesigning work processes

with game mechanisms for a fun and enjoyable

experience [5]. Hence, applying gamification to

science and engineering education has the potential

to not only represent and communicate difficult
concepts in a more understandable and possibly,

fun format, the approach can enhance effectiveness

of the learning process because students are more

likely to undertake the learning activities when they

are enjoyable, and as a consequence, learning out-

comes will be improved.

The objective of this paper is to discuss how some

design principles and artificial intelligence (AI)
techniques used for developing a contemporary

video game in car racing can be useful for develop-

ing gamified simulation software systems for teach-

ing transportation engineering. This paper proceeds

as follows. Section 2 describes some background

literature on gamified simulation systems for trans-

portation engineering education. Section 3 presents

the design principles and AI techniques for a video
game,Racer, which canbe adapted for development

of gamified simulation systems for teaching con-

cepts in transportation engineering. Section 4 pre-

sents a discussion about the benefits of using AI

techniques supported in the Unity game engine for

the design and development of an educational

simulation system in transportation engineering.

Section 5 includes the conclusion and also discusses
some directions for future work.
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2. Background literature

Computer simulation and visualization can play an

important role in science and engineering educa-

tion. Mayo believed gamification in science and

engineering education can enhance of student moti-

vation, and that video games have the potential to

address systemic deficiencies in science and engi-
neering education, often conducted in the tradi-

tional class lecture format. He included five

reasons for this potential: (i) massive reach of the

online game compared to the number of people that

sit together in a classroom, (ii) video games promote

experimental and inquiry-based learning, which are

effective learning paradigms for teaching science

and engineering subjects, (iii) playing a video
game is found to trigger the release of dopamine in

the brain, which better chemically ‘‘primes’’ the

brain for learning, (iv) the engaging effect of a

video game often means students spend more time

on the task of learning, and (v) several studies have

documented that learning outcomes of games are

higher than those of the lecture format. For example

it was documented that the game of Geography
Explorer increased learning outcomes by 15–40%

and the game of Virtual Cell increased learning

outcomes by 30–63% [2].

For transportation engineering in particular, a

significant amount of research work has taken place

at University of Minnesota in U.S.A., where the

suite of web-based simulationmodules called Simu-

lation Transportation for Realistic Engineering
Education and Training (STREET), was devel-

oped. The objective of the STREET project was to

enable University of Minnesota to become the

epicenter for development of simulation-based

teaching materials that provide undergraduate stu-

dents with an interactive learning environment in

transportation engineering. STREET provides

modules in traffic simulation, geometric design,
demand modeling, and include the modules of:

ROAD (Roadway Online Application for

Design), OASIS (Online Application for Signalized

Intersection Simulation), ADAM (Agent-based

Demand and Assignment Model), SONG, SAND

(Simulation and Analysis of Network Design),

SOFT (Simulation of Freeway Traffic), CLUSTER

(Clustered Locations of Urban Services, Transport,
and Economic Resources), ABODE (Agent Based

Model of Origin Destination Estimation) and

ANGIE (Agent-based Network Growth model

with Incremental Evolution) [6].

The STREET project is associated with a number

of evaluation studies. For example, Liao et al. [7, 8]

discusses the interactive traffic simulation environ-

ment, which supports pre-generated traffic scenar-
ios that were incorporated into an undergraduate

civil engineering class. By collecting feedback from

instructors and students, enhancements were made

to the simulation tool so that users can make

changes to the model and examine the impacts on

traffic. The web-based traffic simulation framework

can incorporate large road networks and supports
consideration of multiple factors involved in traffic

management strategies, making it a useful tool for

training transportation professionals. Liao et al. [9]

discussed using the traffic control simulation frame-

work as the foundation for developing an enhanced

traffic game, whose goal was to interest high school

students in transportation careers. The approach

involved integration of educational game modules
into the curricula for teaching intelligent transpor-

tation control andmanagement. A developed curri-

culum was evaluated through observation of

student participation and engagement during five

summer camp sessions in 2008 and 2009, and the

survey results indicated student excitement toward

the game and their positive receptiveness to the new

traffic engineering curriculum.
Liao and Levinson [10] reported on the develop-

ment of Roadway Online Application for Design

(ROAD), which assists students in geometric design

of roadways by providing a contour map in the

background as a reference on the computer screen.

ROAD enabled students to design roadway geome-

try efficiently and modify the design easily within

some given economic and environmental para-
meters. When the design is completed, ROAD can

generate a three-dimensional roadway geometric

model, which allows students to test the design by

placing themselves in the driver’s seat andmaneuver

through the designed roadway at the maximum

designed speed.

Chen and Levinson [11] investigated the efficacy

of using simulation for teaching the topic of trans-
portation network growth by conducting an experi-

ment at the Civil Engineering Department of the

University of Minnesota. A network growth simu-

lator program (SONG 1.0) was incorporated into a

senior/graduate class in transportation system ana-

lysis. Instead of aiming to generate a perfect repro-

duction of the real world SONG 1.0 aims to help

students explore the micro-world of transportation
network systems so that they are stimulated and

encouraged to come up with innovative ways of

conceptualizing the network growth and planning

process. The experimental results demonstrate that

the use of SONG 1.0 effectively enhanced students’

in-depth understanding about development of net-

work patterns, which in turn helped to develop their

skills in problem-solving and decision-making.
Zhu et al. [12] reported on a transportation

planning software package called Agent-Based

Demand and Assignment Model (ADAM). The
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agent-based modeling approach assumes that the

aggregate urban travel demand arises from a multi-

dimensional selection process, which includes

choices related to residential and business loca-

tions, trip origins, trip destinations, routes, etc.

All agents in the model are assumed to have
individual characteristics, goals, and patterns of

travel behaviors. The agents exchange information

on their experiences and adjust their travel choices

according to the available information. ADAM

was incorporated as part of a teaching strategy,

and evaluations showed that ADAM helped stu-

dents in forming opinions, evaluating projects, and

making judgments. Students who used ADAM
reported an enhanced understanding of the con-

cepts taught in the class, and students who prefer

visual and active learning were found to benefit

more than others.

Kasaraneni [13] presented a web-based game that

demonstrates driver-behaviors at signalized inter-

sections. It was used as a supplementary tool in an

introductory course on Transportation Engineer-
ing, and helped students understand decisions of

drivers at the onset of the yellow signal based on

existing traffic conditions. The gamewas implemen-

ted on the .NETFramework usingMicrosoft Visual

C#, ASP, and Microsoft Access (all trademarks of

Microsoft, U.S.A.). Based on collected data on

student engagement in the course, it was found the

game helped students to better focus their attention.
The creative instructional activities also provided

students with hands-on experience of simulated real

world scenarios.

The game discussed in [13] was further developed

in [14] with the objective of investigating game-

aided pedagogy for improving engagement and

learning outcomes of students in transportation

engineering. The enhanced game consists of three
layers: (i) a web-based user interface to display

simulated traffic flows, (ii) a game control layer to

implement logic controls based on the game context

and user commands, and (iii) a data source layer,

which consists of the two databases of traffic snap-

shots and traffic scenarios. Assessment of student

engagement and learning outcomes was conducted

by means of questionnaires and statistical analysis
on the collected data indicated the game enhanced

learning outcomes.

Fang and Pines [15] studied how the traditional

learning experience can be enhanced with use of the

computer tools at the University of Hartford. A

learning environment that incorporates two simu-

lation tools supports students in learning about

traffic flow theory and advanced control strategies.
The two traffic simulation tools simulate the inter-

active dynamics among driver behaviors, vehicle

characteristics and advanced traffic control man-

agement strategies in urban and freeway transpor-

tation networks. The two models support analysis

of traffic operations related to a full range of

functionally classified roadways such as freeways,

surface streets and basic transit systems. The con-

clusion of the investigation is that the simulation
technology-enhanced learning activities better sup-

port students in exploring complex traffic modeling

processes and are effective in de-emphasizing the

more passive teaching mode of instructor-led

‘‘chalk and talk’’.

Shi et al. [16] proposed a simulation software

platform that supports easier incorporation of cus-

tomized models and more user-friendly graphic
interfaces for development of simulation systems

in transportation engineering. The software plat-

form was developed based on structural design

patterns such as the Model-View-Controller pat-

tern, and the advantages of the platform design are

demonstrated using browser techniques to animate

traffic on an online map.

Shi et al. [17] presented some models that were
built on the web-based simulation platform dis-

cussed in [16]. The models tackle different tasks

such as vehicular behavior modeling, vehicular

dynamics implementation, testing of routing algo-

rithms, vehicle generation modeling, traffic flow

simulation, etc. The simulation platform is shown

to reduce the workload of simulation-developers by

providing a specialized and compact data structure,
an intricatemechanism to inject customizedmodels,

a user-friendly web interface for both configuring

and coding the program, and useful automation

procedures. The simulation platform consists of the

three modules of SimModel, SimEngine and Sim-

Framework, which support development of mod-

ules for data modeling, simulation flow, and user

interfaces, respectively. The platform’s open source
and open structure enable users to easily tailor a

complicated simulation program by extending the

default data and simulation models, and supports

automatic network generation from web Geo-

graphic Information System or GIS applications.

Kim [18] investigated the value of gamification on

undergraduate education and found that gamifica-

tion is more effective in motivating the learning
desire, improving the level of communication and

understanding, and reducing the stress of learning in

engineering education. In this context, we believe

that elements of game design and technology are

useful for developing gamified simulation software

programs. In the next section, some design princi-

ples and artificial intelligence techniques used in a

contemporary car racing video game will be dis-
cussed in terms of their applicability for developing

a simulation program for transportation engineer-

ing education.
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3. Design and implementation of a
simulation software system for
transportation engineering

Concepts in an introductory level transportation-

engineering course are often described or are

expressed as equations in textbooks and lectures.

Students often assume the role of the passive

audience. We suggest that these concepts can be
presented visually to students, who would assume

the more active role of a participating user of a

simulation software system. With the visualized

animation that gamification enables, the concepts

can become alive in the classroom and students can

actively determine specific properties of the objects

so that they canmore easily understand the concepts

in transportation engineering. This section presents
the design and implementation of some common

components and features of a simulation software

system for teaching transportation engineering. The

implementation platform for the design is the game

engine of Unity [19].

3.1 General features of a simulation software in

transportation engineering

A simulation system for teaching transportation

engineering concepts provides a platform in which

different scenarios about transportation and traffic

can be visualized. Some common entities or con-

cepts involved in any transportation system include:

(a) a road system, (b) one or more vehicles, (c) the
concept of driving, and (d) obstructions on the road,

such as a wall, a sign post, traffic lights, etc. With

these basic entities, different scenarios that illustrate

various transportation engineering concepts can be

configured or illustrated. In the following, the

design of the gamified components of these four

features will be presented.

3.1.1 A road system

The design of a road system consists of two con-

siderations: (i) the road itself, and (ii) some way to

navigate on the road. The road gives the users a 3D

graphical representation of where the cars are

allowed to drive; it also provides a path on which
the vehicles can drive on and navigate through turns

and corners. The latter consideration can be imple-

mented using the waypoint system in the Unity

game engine. The waypoints specify key points on

the road. Thesewaypoints work in conjunctionwith

a vehicle’s driving system to enable the vehicle to

drive on the road.

3.1.2 Vehicles

A vehicle that travels on a road system can be of

diverse types such as a car, a recreational vehicle or

RV, a truck, a taxi, a semi, a smart car, and the

vehicle can have varyingweights, heights, velocities,

and tires. Since all different types of vehicles can

travel on a road system, it is important that diverse

types of vehicles can be supported in the simulation

software system. It is also important that the user, or
the student, be given the option to define a type of

vehicle with specific properties should the necessity

arises.

The game engine of Unity (trademark of Unity

Technologies) supports three components that

enable the vehicle to be defined according to user

preferences; they are (i) the rigid-body component,

(ii) the wheel-collider component, and (iii) the car
body mesh collider component.

The rigid-body component enables the user to

modify properties of the rigid body object and how

physical forces are exerted upon it. Using the rigid

body interface, the user canmodify the properties of

a car such as itsmass, drag, and angular drag, aswell

as its kinetic properties of velocity, angular velocity,

rotation, and angular rotation. Fig.1 shows the rigid
body interface, which enables users to define the

values of the properties of a car.

The component of the wheel collider in Unity

supports the high-level abstraction implementation

ofwheel-type objects. This component enables users

to specify the various properties of a car that directly

affects the frictions between the tires and a road, and

hence, a car’s ability to navigate on a road system. In
a simulation software system, the user can control

the values of the properties of forward and sideways

frictions, which are critical for determining how a

car drives on a road and in simulating its braking

distance. Figure 2 shows the interface of the wheel

collider component inUnity, which enables the user

to provide input to the various properties of the

wheel-collider component.
For example, the coefficient of sideways friction

of the wheel collider component plays an important

role in situations when the carmay slip, overturn, or

when it is travelling in super-elevation or in curvi-
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linear motion. On the other hand, when simulating

braking distance in rectilinear motion, the coeffi-

cient of forward friction is proportional to the

forward friction stiffness value in the wheel collider

component, which can be defined by the user in the

interface. When simulating curvilinear motion, the
coefficient of sideways friction is determined by the

stiffness value in the parameter of sideways friction

of the wheel collider component. Fig.3 is a screen-

shot of thewheel-collider component of a car object.

The car-body mesh collider component consists

of a mesh collider, which detects collisions should a

car collides with an object such as a wall or a

lamppost. In other words, this component provides
data such as the direction from which the impact

came aswell as themagnitude of the force exerted by

the impact. Figure 4 shows the mesh collider that

surrounds the car object.

3.1.3 Driving

Driving involves manipulating a car along a road

system. Since the road system can be straight or

curved, flat (horizontal) or elevated, clear or with

obstacles, ensuring the car can travel smoothly

along a road can be a complex endeavour. Two

game AI techniques useful for ensuring a car can
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drive along a clear road, which has no obstacles,

include: (i) the waypoint systemwith vector calcula-

tion, and (ii) a conditional monitoring system. They

are discussed as follows.

Waypoint system with vector calculations

The simple waypoint system with vector calcula-

tions is a technique used for controlling the car. The

waypoint system includes a set of waypoints and

each waypoint is a coordinate in three-dimensional

or 3D space, which represents a key position on the

road.This systemwasusedbymany early car-racing

games because of its effectiveness and simplicity.

The waypoints can be stored as a sorted list of
positions in 3D space, which can be implemented

using the List generic class from the System.Collec-

tions.Generic namespace [20]. When a car travels

along a road, the list of waypoints is provided to the

car as input, and the car iterates through the list

until all the waypoints have been passed. These

waypoints are placed at key points on the road,

and they enable the driving system of a car to know
which direction to steer while driving on the road.

To enable the car to drive along a road, the simula-

tion system iterates to the next waypoint in the list

when it detects that the car is within a specified

distance from its current waypoint. Fig.5 shows a

screenshot of the waypoints at key positions on a

road.

In order to turn the car towards its current
waypoint, the system performs a series of vector

calculations, which determine the amount of steer-

ing that needs to be provided to the car. These

calculations are based on an initial vector created

by both the position of the current waypoint as well

as the current position of the car itself. The series of

calculations produces an output vector, which pro-

vides the basis for the steering and braking output
levels of the car.

However, possibly due to the nonlinear relation-

ship between the input and output vectors, using

only the method of waypoints with vector calcula-

tions cannot control the car. Then, it becomes

necessary to augment the waypoint system with

the conditional monitoring system.

Conditional monitoring system

Due to the nonlinear relationship between the input

and output vectors, the steering and braking output

levels of a car that is travelling on a road system

cannot be determined solely from the calculated

output vector in the waypoints system. In these

instances, the conditional monitoring system can

be adopted because it can further refine the steering

and braking output levels applied to the car. In
other words, depending on the values of the initial

calculated output vector produced from the way-

point system’s vector calculations, the steering and

braking output levels applied to the car can be

further adjusted by the conditional monitoring

system. When a simulation system adopts both the

foundational waypoint system and the conditional

monitoring system, a car can travel along a road
system satisfactorily.

Instead of adding the conditional monitoring

system, the alternative design of deriving and incor-

porating a nonlinear mathematical function can

also be considered. Since this option may require

modeling of the mathematical function using artifi-

cial neural networks, this alternative is considered

overly complex.

3.1.4 Obstacle avoidance

Since a road system can involve obstacles, it is

important to include the feature of obstacle avoid-

ance in a simulation software system for teaching

concepts about transportation engineering. When

traveling on a road system, if the car should encoun-

ter some obstruction such as awall, it needs to avoid
it by braking in front of it or driving around it.

Before the car can decide what the appropriate

response is to the obstacle, it needs to first detect
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the obstacle. This feature can be included in the

simulation system design bymaking use of the game

AI technique of artificial environment perception,

which is discussed as follows.
Artificial environment perception by means of

trigger detection is a popular mechanism used in

contemporary video games, and it supports detect-

ing a specific game object when it is within the

vicinity of another game object. This method can

determine if the system-controlled car may run into

some object such as a wall, and the approach

involves defining a trigger area attached to the car.
To prevent the collision from happening, the simu-

lation system can adjust the steering and braking

output levels applied to the car. If a wall enters into

the trigger area of a car, the simulation system

becomes aware of where the wall is with respect to

the car and it would adjust the output levels accord-

ingly so as to steer the car away from the wall. With

this addition of the trigger area, the simulation
system can effectively control the car so that it can

navigate along a road system.

The trigger detection mechanism is also useful

for illustrating the concept of braking distance in

both cases of rectilinear motion and curvilinear

motion. In rectilinear motion, the brake is applied

to halt the car when it is moving in a straight

direction. In this case, when the trigger area of a
car detects that there is an oncoming object, such

as a lamppost, the system can apply the brake

gradually with consistent force to bring the car to

a halt. Braking in this case is used to halt a car

that is about to have a head-on collision. Curvi-

linear motion requires the brake to be applied

intermittently in order to adjust the speed of the

car when it is turning on a curved part of the road,
ensuring the car can negotiate the turn safely. The

trigger area enables the car to do this by sensing if

a wall is close to the car. If a wall enters the trigger

area, the driving system responds by applying the

brake to help the car increase its turning angle and

avoid collision with the wall.

An alternative game AI technique considered for

implementing artificial environment perception is
the ray-casting technique. Ray-casting is a mechan-

ism commonly used in artificial environment per-

ception, which involves drawing a ray or line from

an object along a specified direction. In a simulation

system, the line or ray will be drawn in the direction

the car is heading. This drawn line would be used to

determine if the car is about to collide with another

object. However, the ray-casting mechanism can
only detect collisions in one direction while the

trigger detection mechanism can detect collisions

in all directions. Hence, the trigger detection

mechanism is preferred in the design of the simula-

tion system. Figure 6 shows a screenshot of the

trigger detection area attached to a car.

3.2 Implementation of specific concepts in

transportation engineering

The four general features of the simulation software

system discussed in section 3.1 can be used for

implementation of specific concepts in transporta-

tion engineering. Three sample concepts and their

software implementations will be presented; they

are (i) braking distance, (ii) super-elevation of a

curved highway, and (iii) the elevation of a point.

3.2.1 Braking distance

Design of a road system involves consideration of

the braking distance of a vehicle, which is travelling

along a road. The concepts involved can be categor-

ized into linear or curvilinear motion of a vehicle,

along a straight or curved road. If it is a curved road,

themotion can be further divided into (i) horizontal
curvilinear (i.e. on a flat curved road), or (ii) vertical

curvilinear (i.e. on a curved road that travels up and

down hilly terrain). In a transportation engineering

class, the braking distance is often presented as an
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equation, which expresses the relationships among

the variables of initial velocity or speed, final speed,

gravity, coefficient of friction between the road and

the tires, and the grade of the road. On the last

variable, an uphill road has a positive grade value,

and a downhill road has a negative grade value. The
equation for braking distance is often used in road

design, such that if a velocity of vo is allowed on the

road, then the road must be at least Db meters long

so that cars can come to a stop safely. The equation

for braking distance is as follows [21],

Db ¼
v2o � v2

2gð f � GÞ ð1Þ

where Db ¼ braking distance,

vo ¼ initial velocity;

v ¼ final velocity;

g ¼ gravity;

f ¼ coefficient of friction;

G ¼ gradient (þve ¼ uphill, �ve
¼ downhill).

This can bemodeled in a simulation software so that

the student or user will input values for the velo-

cities, and the equation embedded in the system will

determine the length of the road so as to accom-
modate safe deceleration of a vehicle.

3.2.2 Super-elevation of a curved highway

In designing a curved road, it is important to

consider the concept of super-elevation, which

refers to the difference in height between the two
edges of a curved road. When negotiating a hor-

izontal curved road, the outer edge must be at a

slight incline so that a car can travel on it without

flying off the road. Typically, themaximum slope or

super-elevation that a road can have is approxi-

mately 0.12 feet per foot of horizontal distance. The

equation that guides design of super-elevation of a

curved road relates several variables including the
super-elevation rate, the velocities of a vehicle, and

the radius of curvature of the road; the equation for

designing a curved road is as follows [21],

edes ¼
v2

gR
� fs ð2Þ

where

edes ¼ rate of superelevation;

v ¼ velocity;

g ¼ gravity;

R ¼ radius;

fs ¼ side friction.

A simulation software system can incorporate the

equation so that invalid user input values for any of

the parameters will result in the system’s output

screen showing a vehicle flying or falling off the

road.

3.2.3 Elevation of a point

In designing a vertically curved road, which spans
across some undulating terrain, consideration must

be given to the elevation of various points on the

road. This is important when the road crosses some

obstruction, such as an overpass, at various points

along the vertical curved road. To guide design of

such a road, the equation for calculating the curved

elevation of a point P is given as follows [21],

Elevation of P ¼ elevation of VPC þ G1

100

� �
x

� �
þ y

ð3Þ

where

elevation of VPC ¼ elevation of start of a curve;

G1 ¼ initial gradient;

x ¼ horizontal distance;

Y ¼ any vertical offsets.

The relationship represented by the equation can be

illustrated visually in a simulation software system,

which can use the equation to check if vehicles can

functionally travel along the vertical curved road

when an overpass crosses the road. The user of the
simulation system can assign some values to the

variables in the equation, and if they are not valid,

the car can be shown to collide with the obstruction.

The system design involves defining the entities

of: (i) the road and its properties, e.g. whether it is

straight or curved, horizontal and curved or ele-

vated and curved, (ii) the car and its properties, e.g.

its weight, height, centre of gravity, forward fric-
tion, side friction, etc., (iii) weather conditions, e.g.

whether it is snowy, rainy, icy etc. The properties of

the entities involved and the weather conditions

become variables, whose values are defined by the

user, who is a student, through a system interface.

The values entered by the student will be fed to the

equations that define the different scenarios of

motion, which can then calculate whether the sce-
nario defined by the student is valid. If it is, the

system can show on the output interface that the

traveling car successfully braked or continue its

path on the road according to the equations. For

example, the student can assign values to the para-

meters of: (i) the mass of the car in the rigid body

component’s interface, and (ii) the side friction

stiffness of a car’s tire in the interface of the wheel
collider component. By varying the input values, the

system can simulate the different scenarios of a car

driving on a road. By using Unity’s built-in high-

level abstraction components, users can adjust the
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attributes of the car and observe the results as the

driving system tries to compensate for the new

variable values in order to enable the car to drive

satisfactorily along the road system. Alternatively,

the output interface of the simulation software

system can show the car rolling or sliding off the
road if the values entered by the user do not describe

a valid scenario. Inclusion of parameters related to

the weather conditions can be left for future work.

Another concept in transportation engineering is

braking patterns, which include (a) normal braking,

(b) accelerated braking, and (c) stonewall braking.

Normal braking is the act of slowing down gradu-

ally when there is no immediate danger of collision
while accelerated braking is the act of decelerating

quickly in anticipation of an impending collision.

Stonewall braking is the actual occurrence of a

collision which forces the car to stop abruptly. The

simulation software can illustrate visually these

concepts by defining one or more than one car

with its or their properties. In scenario (a), one car

has to be defined, and its braking pattern can be
implemented by defining the side friction para-

meter. Since in scenario (b), two cars are involved

and the braking pattern of the first car affects that of

the second one, two cars need to be defined. In

scenario (c), a stationery object, such as a wall,

and a car are involved.

All three of these braking patterns can be simu-

lated using the implementation mechanisms of the
car’s artificial environment perception system

through the use of a trigger area. The trigger area

detects how far away an obstacle is and hence, the

distance of a potential collision. Based on the

distance, the system can determine whether

normal or accelerated braking is required. In addi-

tion, the trigger area also detects the direction of the

potential collision, so the car can adjust its turn to
steer away from the object. If the potential colliding

object is a safe distance away, the driving systemwill

apply normal braking to gradually adjust the car’s

speed. However, if the colliding object is close to the

car, accelerated braking will be applied to slow the

car down more suddenly. The value of the side

friction parameter can be adjusted to support brak-

ing while turning. If the car does come into collision
with an object, the mesh collider component detects

the magnitude and direction of the force of the

impact. The information can be displayed to the

user so that it can be used for further analysis.

4. Discussion

Application of game AI design principles and

techniques can support design and development of

a simulation system for teaching concepts in trans-

portation engineering. The Unity game engine sup-

ports effective development of the simulation

system with its high-level abstraction programming

tools and intuitive user interface. These features

support developers in design and implementation

of the concepts in transportation engineering so that

developers can focus on the software logic and
ignore lower level development details such as

graphics rendering and physics calculations.

The AI techniques useful for developing an

educational simulation system for transportation

engineering were implemented in a video game

called Racer [22]. The combined tools of MonoDe-

velop and Unity enabled an efficient development

process. MonoDevelop consists of auto-correction
features for many libraries and software develop-

ment kits (SDK) used in Unity [19, 23]. Using the

combined tools, the waypoint system can be easily

implemented because the Unity engine supports

positioning waypoints in 3D space. Hence, the

developer can use this Unity built-in technique of

a waypoint system instead of the more traditional

AI techniques such as the A* search algorithm in
designing the road system. Unity’s built-in compo-

nent modules such as the components of rigid body,

wheel collider, and mesh collider also support effi-

cient development because these components

consist of high-level abstractions of physics imple-

mentations, which would otherwise take hours to

program manually. Furthermore, these compo-

nents include interfaces that enable users to
change properties of the objects, such as the car’s

mass, and the wheels’ side friction. These properties

are key parameters that determine friction and

hence, the braking distance of cars. In terms of

obstacle avoidance, the trigger detection technique

is preferred over the ray-casting technique for

artificial environment perception because the ray-

casting technique only supports artificial environ-
ment perception in one single direction per casted

ray. By comparison, the trigger detection technique

supports simultaneous perception in all directions

surrounding the car. The Unity engine has built-in

high-level abstractions for trigger detection, which

supports efficient implementation.

More wide-spread adoption of simulation soft-

ware systems has been suggested as a possible
solution for systemic deficiencies in the undergrad-

uate science and engineering education. Mayo

champions this cause with the words: ‘‘video

games can teach science and engineering better

than lectures’’ [2]. Similarly, Felder suggested that

the ‘‘learning styles of most engineering students

and teaching styles of most engineering professors

are incompatible in several dimensions. Many or
most engineering students are visual, sensing, induc-

tive, and active, and some of the most creative

students are global; most engineering education is
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auditory, abstract (intuitive), deductive, passive,

and sequential. These mismatches lead to poor

student performance, professorial frustration, and

a loss to society of many potentially excellent

engineers’’ [24].

If simulation software systems can indeed
enhance the learning experience of undergraduate

engineering students, and as a consequence, fewer

students will decide to abandon their training in

science and engineering, then building more effec-

tive simulation systems for engineering education is

a good approach for alleviating the problem of

student attrition in undergraduate engineering edu-

cation. The design principles and AI techniques
presented can contribute to more efficient develop-

ment of this type of effective simulation software

systems in transportation engineering.

Future work can proceed in several directions.

First, the design principles andAI techniques can be

adopted for development of a simulation software

system for teaching transportation engineering con-

cepts. When the software system is developed, then
user responses to the system can be collected and the

simulation system’s effect on learning outcomes can

be evaluated. Secondly, other concepts in transpor-

tation engineering can be incorporated in the soft-

ware design and implemented in the simulation

system. For example, the concept of ‘‘shockwave

effect’’ refers to the speed in which vehicles begin to

slow down and stop at an intersection due to
stopping of other preceding cars, which eventually

result in a line-up of more vehicles stopping at the

same intersection [21]. The shockwave effect can be

described with an equation, and a simulation pro-

gram can illustrate the effect visually in its output

interface. Considerations of weather conditions can

be incorporated in the system design. Thirdly,

capabilities of the implementation platform can be
expanded by including other modules from Unity’s

Asset Store. For example, additional modules that

describe physics with higher accuracy, such as Car

Physics and Edy’s Vehicle Physics can be obtained

from the Unity Asset Store and incorporated into

the development platform of the simulation system

[25] [26]. These modules would enable the developer

tomore realistically simulate the driving of a vehicle
on a road system.

5. Conclusion

Some design principles and AI techniques sup-

ported in the combined tools of MonoDevelop

and Unity have been presented. These principles
and techniques enable development of useful fea-

tures in a simulation software system for teaching

transportation engineering concepts. By adopting

the combined tools, development of a simulation

software system can be more efficiently and effec-

tively completed. The functionalities of the com-

bined tools can also be expanded by adding other

modules.
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