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In undergraduate transportation engineering courses, traffic assignment 
is a difficult concept for instructors to teach and for students to learn 
because the concept involves advanced mathematical modeling and  
computations. A multiplayer game, called multiagent route choice, is 
designed to engage students in making route choices so that they can visu-
alize how traffic gradually reaches a user equilibrium. In addition, the 
Braess paradox phenomenon, a concept not generally taught in under-
graduate transportation courses, is embedded in the game for students 
to explore. A before-and-after comparison and a case–control study are 
performed to evaluate the effectiveness of the game as a curriculum tool. 
The impact of students’ learning preferences is also investigated.

Civil engineering in general, and transportation engineering educa-
tion in particular, has been evolving from traditional “chalk-and-
talk” lectures to more problem- and project-based or game- and 
simulation-based learning (1–3).

Educational games and simulations have been used since the 1950s 
(2). Games and interactive simulations have been incorporated into 
transportation courses at the Transportation Engineering program at 
University of Minnesota, Twin Cities, for more than a decade. The 
Simulating Transportation for Realistic Engineering Education and 
Training (STREET) platform, developed by University of Minnesota 
researchers and sponsored by the National Science Foundation, inte-
grates a series of projects composed of nine web-based simulation 
modules, which can be accessed at the website http://street.umn.edu/ 
(4). The ROAD (roadway online application for design) module is 
widely used for road design in undergraduate introductory courses. 
SONG (simulator of network growth) and ADAM (agent-based 
demand and assignment model) facilitate in-depth understanding 
of transportation network development and transportation systems 
planning (5, 6). In addition to STREET, researchers from the Univer-
sity of Minnesota used transportation-themed board games, such as 
Air Baron, Metro, Rail Tycoon, Empire Builder, and 1870, in under-
graduate education. Huang and Levinson explored the effects of 
incorporating these board games into the curriculum and showed that 
they could enhance student learning in transportation planning (7).

Transportation planning, an important part of transportation engi-
neering education, incorporates how traffic designers predict travel 

demands and plan urban transportation networks so that the whole 
transportation system can be operated efficiently and effectively. 
Games, offering students hands-on experience, are able to help stu-
dents gain an in-depth understanding of concepts and underlying 
theories in transportation planning.

Route choice (sometimes referred to as traffic assignment) describes 
the process by which travelers choose routes. Under assumptions such 
as that all users minimize the disutility of travel (usually taken to be  
minimizing travel time), route choice problems on networks gen-
erally result in a user equilibrium pattern of traffic, in which it is to 
no individual traveler’s advantage to change routes if no one else 
does. User equilibrium is thus an emergent property of individual 
route choice behavior. To enhance students’ learning of user equi-
librium, an interactive game of the equilibrium-finding process is 
introduced. The game is called multiagent route choice (MARC)  
(downloadable from the website http://street.umn.edu/MARC.html). 
MARC engages students in the choice decision process and allows 
them to experience the equilibration process. It is hoped that the expe-
rience piques students’ interest in learning and improves their under-
standing of the underlying equilibrium theory and the mathematical 
formulas involved.

The lecture on traffic assignment modeling should be accompanied 
by an important phenomenon, the Braess paradox (8), which states that 
building new roads does not necessarily improve traffic conditions. 
This concept is not usually taught in undergraduate classes because of 
its counterintuitive nature, but mastering it can facilitate economical 
transportation network planning and sustainable infrastructure invest-
ment. Moreover, the Braess paradox can enrich students’ understand-
ing of travel behavior theories and help them develop capabilities to 
apply those theories to real-world situations they might encounter 
as transportation planners. Many researchers have explored the exis-
tence of equilibrium or the Braess paradox behaviorally by recruiting 
volunteers to play a multiple-player game (9–13). However, instead 
of education, their goal was to study travelers’ choice behavior. To 
engage students to discover this scientific phenomenon through the 
game, the Braess paradox is embedded in MARC.

In this paper, MARC will be introduced and the role of learning 
styles in adopting an interactive multiagent computer game as an 
education tool will be explored. MARC aims to benefit both stu-
dents and instructors by making course materials easy and fun to learn 
for students and providing an opportunity to embed hands-on experi-
ments and active learning strategies into curricula for instructors. The 
research questions of this study follow:

•	 Does MARC improve students’ understanding of traffic assign-
ment and the Braess paradox?
•	 Is MARC an effective tool in undergraduate transportation 

engineering courses?
•	 Which type of learners benefit more by playing MARC?

Multiagent Route Choice Game  
for Transportation Engineering

Xuan Di, Henry X. Liu, and David M. Levinson

X. Di, University of Michigan Transportation Research Institute, 2901 Baxter 
Road, Room 241, and H. X. Liu, 2320 George Granger Brown Memorial Labo-
ratories, University of Michigan, 2350 Hayward Street, Ann Arbor, MI 48109-
2125. D. M. Levinson, Department of Civil, Environmental, and Geo-Engineering, 
University of Minnesota, Twin Cities, Pillsbury Drive, SE, Minneapolis, MN 55455. 
Corresponding author: X. Di, sharondi@umich.edu.



56 Transportation Research Record 2480

In the next section, MARC is introduced and the undergraduate 
course in which the game was implemented is described. Then the 
statistical findings of the game from a before-and-after compari-
son and a case–control study are presented. These statistics show 
that the game improves students’ understanding and is an effective 
education tool. Types of learners who benefit more from playing are 
also revealed. Students’ feedback and comments on the game are 
presented in the following section. Then conclusions and lessons 
are summarized.

Game-Based LearninG

Learning Preferences

Provided the same course curriculum, students with different learn-
ing styles benefit differently from playing games (5–7, 14). Kolb (14) 
identified experiential learning styles and proposed a four-stage learn-
ing cycle: concrete experience, reflective observation, abstract con-
ceptualization, and active experimentation and four types of learning 
styles: diverging (concrete experience and reflective observation), 
assimilating (abstract conceptualization and reflective observation),  
converging (abstract conceptualization and active experimenta-
tion), and accommodating (concrete experience and active experi-
mentation). For each learning style, different teaching strategies are 
needed. Diverging learners need hands-on exploration of a system; 
assimilating learners require accurate, organized delivery of infor-
mation, prepared tutorials and exercises; converging learners learn 
effectively from interactive and computer-assisted instruction; and 
accommodating learners require independent discovery and active 
participation.

In this study, the impact of students’ learning styles on learning 
consequences will be explored. Accordingly, the learning variables 
will be first elaborated (14):

1. Concrete experience (i.e., feeling). Learns from specific experi-
ences and relating to people,

2. Reflective observation (i.e., watching). Observes before making 
a judgment by viewing the environment from different perspectives,

3. Abstract conceptualization (i.e., thinking). Uses logical analysis 
of ideas and acts on intellectual understanding of a situation, and

4. Active experimentation (i.e., doing). Achieves by influencing 
people and events through action.

The four learning styles are extended to be sensing (concrete, 
practical facts and procedure oriented) and intuitive (conceptual, 
innovative, oriented to theory and meaning); visual (prefer visual 
representations, such as charts) and verbal (prefer written or spoken 
explanations); active (doing) and reflective (thinking); sequential 
(linear, orderly, learn in small increments) and global (holistic, system 
thinkers, learn in large steps).

Course description

Introduction to transportation engineering is the first and only 
required transportation engineering course for undergraduate stu-
dents in the Department of Civil, Environmental, and Geo-Engineering  
at the University of Minnesota. It is taught every semester, with an 
average enrollment of 60 students (more in spring, fewer in fall). 
Registered students include sophomores, juniors, and some out-of-
sequence seniors (6). This course usually contains two 2-h lectures 

and one recitation or computer lab each week. There are two or three 
lab or recitation sessions each week.

Game description

Before the game was implemented, the four-step transportation plan-
ning model was introduced to students during lectures. The route 
choice model was discussed in detail and the concept of Wardrop 
user equilibrium was mentioned. The Braess paradox was not in the 
syllabus, so students were expected to discover it through the game. 
The paradox is also not described in the textbook Principles of High-
way Engineering and Traffic Analysis (5th edition) (15) (which has 
been used in some semesters) or in the Fundamentals of Transpor-
tation wikibook provided to students (http://en.wikibooks.org/wiki 
/Fundamentals_of_Transportation). To help students understand bet-
ter the concepts taught in the lecture, MARC was developed. The 
goals of the game are twofold:

•	 Demonstrate the Wardrop user equilibrium concept by letting 
students make route choices with other players simultaneously, 
through which equilibrium is gradually achieved. Gaming equilibra-
tion can strengthen understanding of the importance of equilibrium 
and motivate learning.
•	 Illustrate the Braess paradox phenomenon by letting students 

experience a change in travel time before and after a new link is 
added. Simulating the paradox can engage students to learn how to 
economically design transportation networks.

MARC is developed in the C# language by using Windows Studio 
2008. As a multiplayer game, MARC uses a client–server model. A 
terminal computer, serving as the client, provides an interface for a 
player to take action. These terminal user computers are connected to 
a server computer, and the decisions made at the terminal computers 
are sent to the server. The server collects data from each terminal (i.e., 
the identification of each player, the action the player takes, and some 
game-related information), stores and analyzes them in a database 
created in SQL Server 2005, and broadcasts the summary report to 
every terminal. After receiving the feedback from the server, players 
play the next round of the game.

MARC is used in the lab sessions of the course. At the beginning of 
the session, every player sits in front of a computer and receives play-
ing instructions. Players are asked to log in and play two games. Each 
game includes two scenarios. In the first scenario, a small network 
contains two alternative routes connecting one origin–destination 
pair. In the second scenario, a new road is built so that there are three 
alternative routes. The difference between the two games is that in the 
first game, building a new road reduces everybody’s travel time, but 
in the second game, the new road worsens system performance. Two 
scenarios from the first game are as follows: (a) Scenario 1 contains 
a small network with four links (see Figure 1a), and (b) Scenario 2 
involves a new bridge being built between A and B (see Figure 1b).

In each scenario, a small imaginary network is presented, along 
with the flow-dependent travel time function of each link (see Fig-
ure 1c). All available routes are indicated in the route choice window. 
Each player is asked to choose one route traveling from O (origin) 
to D (destination). Each stage is repeated for 10 rounds to ensure 
that user equilibrium is reached. After all players submit their route 
choices, a summary of how many chose each route and the flow-
dependent travel time of each route are presented (see Figure 1d). 
Players adjust route choices in the next day’s selection as the game 
continues.
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The game session lasts about 40 min. At the beginning of the 
game, each player receives a fixed number of points. To motivate 
players to minimize travel time, the travel time from each round is 
subtracted from a player’s score. The player with the highest score 
wins the game.

Game implementation

To ensure that educational goals can be achieved successfully, before 
students begin playing, they are asked to brainstorm factors that influ-
ence their route choices from home to school. This process helps them 
connect their own travel experiences with the classroom learning. 
Then students are told that their grades depend on how effectively 
they play the game, that is, how effectively they minimize travel 
time, which motivates them to choose routes like a real traveler. After 
playing the game, they reflect on the two games and share their find-
ings with others. After they summarize key points of what they have 
learned from the game, their learning is reinforced with a video from 
the Public Broadcasting Service of the Braess paradox occurring in 

Manhattan in New York City (http://www.pbs.org/america-revealed 
/teachers/lesson-plan/3/).

This game has been used for four semesters: spring 2012, fall 
2012, fall 2013, and spring 2014. Descriptive statistics are presented 
in Table 1. One hundred seventy-eight students have played the game. 
Column C1 presents the number of players in each semester.

To test whether this computer game can actually improve students’ 
understanding of traffic assignment and the Braess paradox, a before-
and-after comparison and a case–control study were conducted. In 
column C2, an X indicates whether the before-and-after study was 
performed in the associated semester. Because players were required 
to complete a survey before playing the game and another survey 
after playing the game, all were involved in the before-and-after study.

Columns C3 through C5 describe the case–control study. In col-
umn C3, the semester when a case–control study was implemented is 
indicated with an X. The case–control study was performed for spring 
2012, fall 2012, and fall 2013, and 124 players participated. In those 
three semesters, students were randomly assigned to a case group or 
a control group. This study was possible because there were multiple 
lab sessions each week. In one or two sessions the game was used (i.e., 

(c)

(d)

(a)

A

D

B

O

x1

x4
15

15

(b)

A

D

B

O

x1

x4
15

15

0

FIGURE 1  MARC interface: (a) network illustration for Scenario 1, (b) network illustration  
for Scenario 2, (c) route choice window, and (d) route choice results (no. = number).
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case group or play group); in the remaining sessions it was not (i.e., 
control group or no-play group). Students in the play group played the 
game and filled in the postsurvey. Meanwhile, those from the no-play 
group did not play MARC. Instead, they played ADAM (download-
able from http://street.umn.edu/), which was also designed to enhance 
students’ understanding of traffic assignment. Then they were asked 
to answer the same set of questions about traffic assignment and the 
Braess paradox as the play group. (The no-play group played MARC 
in a subsequent lab session to ensure fairness in the course outcome; 
the group also completed the post survey about their opinions on the 
use of games.) Columns C4 and C5 indicate the number of cases and 
controls for each semester. There were 84 cases and 40 controls.

Column C6 indicates the semesters when the transportation back-
ground survey was conducted. In spring 2012, these questions were 
not included. The transportation background survey includes stu-
dents’ self-evaluation of their understanding of transportation knowl-
edge; the transportation background questions are included in both 
the pre- and postsurveys.

Game statistiCaL FindinGs

Pre- and Postsurveys

Before and after game play, students are asked to complete surveys 
(accessible from the website http://street.umn.edu/MARC/Pre_Post 
_Survey.pdf). The presurvey consists of four sections: players’ demo-
graphic information, transportation background, learning style, and 
transportation understanding. The postsurvey is mainly designed to 
collect students’ opinions about the game and to assess whether their 
understanding has improved after playing the game. There are three 
sections in the postsurvey: game evaluation, transportation back-
ground, and transportation understanding. See Tables 2 and 3 for 
descriptive statistics of pre- and postsurvey results.

The research goals were assessed with the data collected from the 
pre- and postsurveys.

Correlations Between demographic 
and Learning Preference statistics

To facilitate the quantitative analysis, qualitative variables need to 
be first coded as numerical values. Gender is coded as 0 if the player 
is female and 1 otherwise. Learning style variables (feeling, watch-
ing, thinking, doing) are coded binary in regression. For example, 

feeling = 0 represents that the subject does not prefer learning by 
concrete experience; otherwise feeling = 1. Learning preference 
variables (sensing, visual, active, sequential) have five scales. For 
example, highly sensing, moderately sensing, mildly sensing or 
intuitive, moderately intuitive, and highly intuitive are coded as 2, 
1, 0, −1, and −2, respectively. The higher the value, the more sensing 
and less intuitive the subject.

Correlations between age, gender, and learning characteristics 
(presented in Table 4) are calculated. Age does not have strong  

TABLE 1  Game Implementation Statistics

Semester

Number  
of Players  
(C1)

Before-and-
After Study 
(C2)

Case–Control  
(C3)

Number of 
Students

Transportation 
Background  
(C6)

Case  
(C4)

Control  
(C5)

Spring 2012 68 X X 48 20 na

Fall 2012 30 X X 19 11 X

Fall 2013 26 X X 17  9 X

Spring 2014 54 X na na na X

Total students 178 178 124 84 40 110

Note: X = performed associated semester; na = not applicable.

TABLE 2  Descriptive Statistics of Presurvey Results

Variable Level Frequency Percentage

Gender Male 134 75.3
Female 44 24.7

Learning 
 preference

Concrete experience  
(feeling)

66 37.1 

Reflective observation 
(watching)

101 56.7 

Abstract conceptual-
ization (thinking)

51 28.7 

Active experimenta-
tion (doing)

135 75.8 

Sensing Highly sensing 27 15.2
Moderately sensing 82 46.1
Mildly sensing or 

intuitive
36 20.2 

Moderately intuitive 22 12.4
Highly intuitive 11 6.2

Visual Highly visual 59 33.1
Moderately visual 76 42.7
Mildly visual or verbal 25 14.0
Moderately verbal 16 9.0
Highly verbal 2 1.1

Active Highly active 52 29.2
Moderately active 69 38.8
Mildly active or 

reflective
35 19.7 

Moderately reflective 18 10.1
Highly reflective 4 2.2

Sequential Highly sequential 35 19.7
Moderately sequential 70 39.3
Mildly sequential or 

global
42 23.6 

Moderately global 24 13.5
Highly global 7 3.9

Note: Participant age: minimum = 18 years; maximum = 50 years;  
mean = 21.7 years; and standard deviation = 3.9.
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TABLE 3  Descriptive Statistics of Postsurvey Results

Variable Mean SD Median Level Frequency Percentage

Ease level 2.0 1.0 2 1 60 33.7
2 62 34.8
3 42 23.6
4 12 6.7
5 1 0.6

NA 1 0.6

Satisfaction 
level

3.2 1.1 3 1 14 7.8
2 32 18.0
3 53 29.8
4 62 34.8
5 16 9.0

NA 1 0.6

Stimulation 
level

3.2 1.1 3 1 12 6.7
2 28 15.7
3 59 33.1
4 60 33.7
5 18 10.2

NA 1 0.6

Enhancement 
level

3.6 1.1 4 1 10 5.6
2 13 7.3
3 50 28.1
4 73 41.0
5 31 17.4

NA 1 0.6

Motivation 
level

3.7 1.0 4 1 6 3.4
2 11 6.2
3 45 25.3
4 73 41.0
5 42 23.5

NA 1 0.6

Effectiveness 
level

3.8 1.0 4 1 8 4.5
2 11 6.2
3 31 17.4
4 88 49.4
5 39 21.9

NA 1 0.6

Note: SD = standard deviation; NA = not available (one player’s data missing).

TABLE 4  Correlations Between Demographic and Learning Characteristics

Variable Age Gender Feeling Thinking Doing Watching Sensing Visual Active Sequential

Age 1.0 0.1 0.0 −0.1 −0.1 −0.1 0.1 0.1 −0.0 −0.1

Gender 0.1 1.0 −0.0 0.1 −0.2 0.1 −0.2 −0.0 −0.1 −0.1

Feeling 0.0 −0.0 1.0 0.0 0.1 −0.1 0.1 0.1 0.1 −0.0

Thinking −0.1 0.1 0.0 1.0 −0.1 0.2 −0.2 −0.2 −0.3 −0.2

Doing −0.1 −0.1 −0.2 0.1 1.0 −0.0 0.1 0.2 0.4 −0.1

Watching −0.1 0.1 −0.1 0.2 −0.0 1.0 0.2 −0.0 −0.0 0.1

Sensing 0.1 −0.2 0.1 −0.2 0.1 0.2 1.0 0.1 0.3 0.2

Visual 0.1 −0.0 0.1 −0.2 0.2 −0.0 0.1 1.0 0.2 0.0

Active −0.0 −0.1 0.1 −0.3 0.4 −0.0 0.3 0.2 1.0 0.1

Sequential −0.1 −0.1 −0.0 −0.2 −0.1 0.1 0.2 0.0 0.1 1.0
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correlation with any learning characteristics. Males are more active 
than females and prefer concrete, fact-oriented learning over con-
ceptual learning. Of all learning styles, students who identify their 
learning styles as active learn by active experimentation instead of 
abstract conceptualization and are thus more sensing (i.e., preferring 
concrete, fact-oriented learning).

Play Versus no-Play: do Players Benefit?

As indicated in Table 1, the case–control study was performed in 
spring 2012, fall 2012, and fall 2013. There are 84 cases and 40 con-
trols, and thus 124 players. The goal is to test whether playing MARC 
enhances understanding of the Braess paradox.

The hypothesis is that students who played the game have better 
understanding of the Braess paradox. This hypothesis is tested on 
the basis of students’ answers to a question on transportation under-
standing in both surveys: “generally speaking, given the total traffic 
demand on the network is fixed, after a new road is added, how will 
everyone’s travel time change and why?”

The correct answer is that it depends. The reason is that every-
body’s travel time may improve or remain the same if the Braess 
paradox does not happen and will worsen if the paradox does happen.

The play group participated in the game play and experienced both 
travel time increase and decrease with the addition of a link. The no-
play group was given the same set of networks used in the game 
but was asked to solve the equilibrium travel time. Then both groups 
answered the same question in the postsurvey.

Students’ performance was evaluated by both their choices and 
reasoning. If a student’s answer to the transportation understanding 
question is correct but the explanation is wrong, the understanding 
of the Braess paradox is still treated as incorrect.

In the presurvey, 13.8% students from the no-play group and 
24.2% from the play group realized that travel time may increase or 
decrease or stay the same after a new link is added. The remaining 
students thought only one consequence could happen or gave wrong 
explanations of their choices.

The postsurvey results show that 12 students (four fewer than in 
the presurvey) from the no-play group and 48 (18 more) from the 
play group were able to identify the Braess paradox.

To further quantify the impact of adopting MARC as an educa-
tional tool, a regression analysis is used. Let Y be the response vari-
able, representing whether a student’s answer to the Braess paradox 
question in the postsurvey is correct; it equals zero if incorrect and one 
if correct. Let play be the explanatory variable, indicating whether the 
student played the game before answering the question; it equals zero 
if the student belongs to the no-play group and one otherwise. The 
above hypothesis is equivalent to testing the relationship between Y 
and play. Because the response variable carries a value of either zero 
or one, the logistic regression is adopted:

P Y

P Y

( )
( )

=
=

= β + βlog
1

0
play (1)0 1

where β0 and β1 are regression coefficients that need to be estimated.
The logistic regression coefficients and the goodness-of-fit 

results are presented in Tables 5 and 6. The chi-square goodness-
of-fit test shows that the hypothesis that the above model fits data 
well cannot be rejected at the significance level of 1%. The esti-
mated increase in odds of improvement is 3.1 (=	e1.14). In other 
words, the likelihood that game players understand the impact of 
adding a new road is three times more than that of nonplayers. In 
conclusion, after playing MARC, students understood the Braess 
paradox better.

innovative teaching: Who thinks the Computer 
Game is an effective Curriculum tool?

After playing the game, students were asked to rate the effectiveness 
of this computer game as a curriculum tool on a scale of 1 to 5: not 
effective at all to very effective.

The hypothesis is as follows: among those who played the game, 
whether the computer game is considered to be an effective learning 
tool is influenced by students’ learning preferences.

Effectiveness of the computer game is represented by an ordinal 
variable with values of 1, 2, 3, 4, 5. Ordinal data are the categori-
cal data in which there is logical ordering represented by ordered 
numeric scales. To test the hypothesis, ordinal logistic regression 
needs to be adopted. In ordinal logistic regression, a proportional 
odds assumption is made that coefficients describing the relation-
ship between neighboring categories of the response variable are the 
same. Because of the same relationship between all pairs of groups, 
only one set of coefficients is needed.

Let Y be the response variable, representing the scale of effective-
ness (i.e., Y = 1, 2, 3, 4, 5). The R statistical package ordered logistic 
or probit regression (polr) (http://stat.ethz.ch/R-manual/R-patched 
/library/MASS/html/polr.html) is adopted to study the relationship 
between effectiveness and players’ age and their learning character-

TABLE 5  Logistic Regression Coefficients

Coefficients

Covariate Estimate Standard Error Z-Value p-Value

(Intercept) −0.85 0.35 −2.46 .01*

Play 1.14 0.41 2.77 .01**

*Statistically significant at 5%; **statistically significant at 1%.

TABLE 6  Goodness-of-Fit Test

Covariate
Degrees of 
Freedom

Residual 
Deviance

Degrees of 
Freedom

Residual 
Deviance Pr(>Chi)

Null 123 171.87

Play 1 6.69 122 165.18 .01*

* = statistically significant at 1% level.
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istics (i.e., feeling, thinking, doing, watching, sensing, visual, active, 
sequential):

∑( )
( )

= +
=

= β + β + β

=

=

P Y i

P Y i

i

n n

n

log
1

age learning variable

1, 2, 3, 4 (2)

0 1

2

9

where βn (n = 0, . . . , 9) are regression coefficients that need to 
be estimated. Estimated regression coefficients are presented in 
Table 7.

The interpretation of coefficients in ordinal logistic regression is

1. For the continuous variable age, when a student’s age increases 
by one, the odds that the student thinks the game is very effective 
versus less effective are 1.0 (=	e−0.00) times lower, given that all of 
the other variables in the model are held constant. Thus, age is not 
clearly related to the effectiveness level.

2. For binary variables (i.e., feeling, thinking, doing, watching), 
for example, given one unit increase in watching (i.e., going from 
0 to 1), the odds that the player thinks the game is very effective 
versus less effective are 0.4 (=	e−0.89) times lower. Likewise, the odds 
of the combined middle and high effectiveness versus low category 
are 0.4 times lower, given that all of the other variables in the model 
are held constant.

3. For ordinal variables (i.e., sensing, active, visual, sequential), 
for example, given one unit increase in active (i.e., going from 
moderately active to highly active), the odds that the player thinks 
the game is very effective versus less effective are multiplied by 
1.5 (=	e0.37).

An inspection of p-values reveals that thinking, watching, visual, 
and active are significant at the 10% significance level. The coef-
ficients before thinking, visual, and active are positive, showing that 
when a player prefers abstract conceptualization (thinking), learning 
by visual presentation, and doing, the odds of viewing the game as 
an effective learning tool are greater. The coefficient before watching 
is negative, showing that when a player prefers reflective observa-
tion (watching), the odds of viewing the game as an effective learn-
ing tool are lower. Given a player who prefers reflective observation 
(watching) and another player at the same age who is not in the stage 
of reflective observation, the odds of treating this game as an effec-

tive learning tool are lower. Those in the stage of reflective observa-
tion learning do not like exploring a system randomly. Instead, they 
want instructors to give them accurate information they should know 
and get correct answers to problems (14). However, playing com-
puter games requires players to explore information on their own, 
which makes them feel uncomfortable in learning.

Before and after: Whose Understanding 
is improved through Playing the Game?

The before-and-after study was performed for all four semesters, 
with 178 players (see Table 1). The hypothesis is as follows: 
the game-based curriculum improved students’ transportation 
knowledge.

This hypothesis was tested on the basis of students’ subjective eval-
uation of their understanding of transportation in pre- and post surveys. 
The definitions of students who improved and did not improve their 
understanding through playing the game are as follows:

•	 Students whose understanding improved answered the trans-
portation understanding question incorrectly in the presurvey but 
correctly in the postsurvey.
•	 Students whose understanding did not improve answered the 

transportation understanding question incorrectly in the presurvey 
and the postsurvey.

Of 178 participants, 55 students did not improve their answers to 
the question in the postsurvey, whereas 42 students did. Twenty 
students gave the correct answer in the presurvey but the wrong 
answer in the postsurvey, and 61 students answered the question cor-
rectly in both surveys. In the subsequent analysis, only those who did 
not improve (nonimprovers) and those who did improve (improvers) 
will be considered, so there are 97 subjects.

The following are summaries inferred from students’ evaluations:

1. In general, students’ understanding of transportation is improved 
through playing the game. The mean and the median are higher in 
the postsurvey than in the presurvey for both those who improved 
and those who did not improve, and the standard deviations are 
lower or remain the same.

2. Before playing the game, improvers had a better understand-
ing of transportation than nonimprovers in every category except in 
practical issues and in opinions on transportation network planning 
and deployment. In these two categories, nonimprovers had slightly 
higher values than improvers.

3. After playing the game, nonimprovers had a better under-
standing of transportation in most categories than improvers, except 
in traffic assignment.

4. In the categories of transportation network planning and trans-
portation network deployment, improvers have a better understanding 
than nonimprovers before playing the game but not after. The ability 
of improvers to form opinions on network planning and deployment 
is not as good as the ability of nonimprovers before playing the game, 
but it is better after. Improvers’ understanding of practical issues is 
not as good as the understanding of nonimprovers before or after 
playing the game. Improvers’ understanding of traffic assignment  
is better than that of nonimprovers both before and after.

In students’ evaluation of their ability to form opinions about 
transportation network planning and deployment, the mean of the 

TABLE 7  Ordinal Logit Model Regression Coefficients 
for Innovative Teaching

Variable Value
Standard 
Error t-Value p-Value

Age −0.00 0.04 −0.01 .99

Feeling 0.05 0.30 0.17 .87

Thinking 0.66 0.37 1.79 .07*

Doing 0.05 0.38 0.13 .90

Watching −0.89 0.31 −2.86 .00***

Sensing 0.06 0.16 0.36 .72

Visual 0.46 0.16 2.82 .00***

Active 0.37 0.17 2.19 .03**

Sequential −0.15 0.15 −1.01 .31

*p < .1.; **p < .05.; ***p < .01.
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improvers’ evaluation distribution in the presurvey is lower than that 
of nonimprovers (see Table 8). In the postsurvey, the mean shifts to 
the right of that of nonimprovers, meaning that improvers’ ability 
to form opinions about transportation network planning and deploy-
ment is much more enhanced than nonimprovers’ through game play. 
After playing the game, improvers’ understanding and ability to apply 
what they have learned from the game to real problems is better.

To further test the hypothesis quantitatively that both improvers’  
and nonimprovers’ knowledge is enhanced after playing the game, 
a group of paired t-tests were performed to show whether the means 
of the subjective evaluation values in the presurvey are less than 
those in the postsurvey. The p-values are listed in the last column 
of Table 8. The category with a p-value well below .05 indicates 
that researchers can favor the alternative hypothesis that the game 
has made substantial improvements in both improvers and non-
improvers. Test results indicate that the understanding of both 
improvers and nonimprovers is enhanced, with the exception of the 
opinions of nonimprovers on planning and deployment.

enhanced Knowledge Level: Who Benefits more?

In the postsurvey, students were asked to self-evaluate whether their 
learning about user equilibrium and the Braess paradox was enhanced 
by playing the game. They were asked to respond on a scale of 1 to 5 
(the greater the value, the more their learning was enhanced).

The hypothesis is as follows: among those who played the game, 
students’ age and their learning preference influence how much they 
would benefit from the game.

The ordinal logistic regression with predictors of age and all learn-
ing variables was tried, but only age and sequential were significant. 
When a student’s age moves from 18 to 19, the odds of moving 
from low to middle or high categories of enhancement (or from 
middle categories to high) is multiplied by 0.9 (=	e−0.07). For one unit 
increase in sequential (e.g., going from moderately sequential to 

highly sequential), the odds of high enhancement versus the com-
bined middle and low categories are 0.8 lower, given that all of the 
other variables in the model are held constant. In other words, for a 
student who prefers holistic and systematic learning in large steps, 
knowledge is more likely enhanced through playing the game.

stUdents’ FeedBaCK From the Game

Quantitative assessment

After playing the game, all players were asked to assess the easiness 
and effectiveness of the game on a scale from 1 to 5 (the greater the 
value, the more difficult or effective the game). The results are pre-
sented in Table 3. The median ease level is 2, so more than half the 
players think this game is relatively easy, which matches the design 
goal. The median effectiveness level is 4, meaning half the students 
consider this computer game a very effective curriculum tool.

Qualitative assessment

In the postsurvey, feedback was collected from students about their 
experiences playing this game and their opinions on the Braess para-
dox scenario. As an aid in delivering formal lectures, students com-
mented that this game is “essential to all students to have a good 
idea of the equations that we are using and how they are derived” 
and “helped me understand some of the assumptions that go into 
deriving those equations.” Regarding the hands-on experience 
offered by the game, students commented that the game “was very 
helpful and would be helpful as a curriculum tool . . . you can visual-
ize easily what is taking place and how it is working . . . seeing how 
it can supplement how we learn is useful . . . working on computer 
games allows for repetition, doing, and visualizing.”

After witnessing the equilibration process in the course of route 
choice decision making, students found that “the longer you play 

TABLE 8  Descriptive Statistics of Understanding

Category Group Survey Mean SD Median
Paired t-Test 
p-Value

Transportation planning Improver Before 3.3 0.8 3 .01**
After 3.6 0.6 4

Nonimprover Before 2.9 0.8 3 .00***
After 3.7 0.7 4

Transportation network 
deployment

Improver Before 2.8 0.8 3 .00***
After 3.5 0.6 3.5

Nonimprover Before 2.5 0.9 3 .00***
After 3.5 0.9 4

Opinions on network  
planning and deployment

Improver Before 3.2 0.9 3 .05*
After 3.7 0.5 4

Nonimprover Before 3.3 1.0 3.5 .00***
After 3.6 0.7 4 .00***

Practical issues Improver Before 3.1 0.9 3 .00***
After 3.6 0.6 4

Nonimprover Before 3.2 1.0 3 .00***
After 3.8 0.7 4

Traffic assignment Improver Before 3.0 0.7 3 .00***
After  4 0.6 4

Nonimprover Before 2.8 1.0 3 .00***
After 3.8 0.8 4

*Statistically significant at 5% level; **statistically significant at 1% level; ***statistically significant at .1% level.
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each game, the closer the values get to reaching equilibrium.” In 
addition, some students discovered the connection between route 
choice and game theory: “my choice isn’t the only thing that factors 
into my score; it also has to do with what everyone around me is 
doing.” Some also tried to interpret the user equilibrium from the 
behavioral perspective: “everyone may switch routes, which will 
increase travel time because we are all selfish.”

By playing the Braess paradox game, students realized that “add-
ing a new route will not always fix traffic issues.” Some even learned 
the lesson about decision making in transportation network planning: 
“traffic is very fickle and dynamic; it needs to be studied closely 
before anything can be done to influence it without running the risk of 
overcompensating.” Moreover, “if everyone had been more focused 
on maintaining a minimum average travel time and less focused on 
decreasing their own travel time,” the Braess paradox might not hap-
pen. This comment further implied that some players were capable 
of discovering the real reason behind the occurrence of the Braess 
paradox and even managed to identify the concept of social optimality.

ConCLUsion and FUtUre researCh

This paper introduces MARC, a game developed for undergraduate 
transportation engineering education. The game benefits students’ 
learning about user equilibrium and the Braess paradox. The statisti-
cal results show that this game supplements regular lectures, enhances 
student learning, and is an effective education tool.

There are still some technical complexities in the game, mainly 
because it is a multiplayer game instead of a stand-alone one. The aim 
is to popularize it as a web-based game, so that educators from other 
institutes can access it and apply it more easily to classroom teaching.

More scenarios need to be created for this platform. For example, 
real-time traffic information can be displayed to players to test its 
impact on players’ reactions. This information can help students 
learn how intelligent transportation systems affect driver behav-
ior and redistribute traffic patterns. Road toll charges can also be 
imposed to certain links to demonstrate to students the role of tolls 
in transportation operation and management.
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