
Introduction
The practice of transportation engineering and planning has evolved sub-

stantially over the past several decades. Young graduates encounter a wide 

range of increasingly complicated problems, from growing congestion and 

worsening air quality, to environmental preservation and social equity con-

cerns. Most transportation-related courses, however, are still addressed in 

a traditional way with “chalk and talk” lectures, paper and pencil problem-

solving, and class projects or papers on related topics, failing to motivate 

students and preventing them from effectively assimilating and applying 

knowledge in their future work. This research explores the effectiveness 

of using simulation as a tool for enhancing classroom learning in the Civil 

Engineering Department of the University of Minnesota at Twin Cities. 

The authors developed a modern transportation planning software pack-

age, Agent-based Demand and Assignment Model (ADAM), that is con-

sistent with our present understanding of travel behavior, that is platform 

independent, and that is easy to learn and is thus usable by students. An 

in-class project incorporated ADAM and the performance of this educa-

tion strategy was evaluated through pre-class survey, post-class survey, 

scores in the quiz focusing on travel demand modeling and final scores. 

Results showed that ADAM effectively enhanced students’ self-reported 

understanding of transportation planning and their skills of forming opin-

ions, evaluating projects and making judgments. Students of some learn-

ing styles were found to benefit more than others through simulation-based 

teaching strategy. Findings in this research could have significant implica-

tions for future practice of simulation-based teaching strategy. 

ADAM simulator

An online simulator named ADAM (Agent-based Demand and 

Assignment Model) is developed, assuming that the aggregate urban travel 

demand is the result of a multi-dimensional choice process, including resi-

dential and business location choice, trip origin, trip destination, and route 

choice. The flow chart of ADAM is illustrated in Figure 1. 

FIGURE 1: Flow Chat of ADAM

Class Project

ADAM is applied in “Introduction to Transportation Engineering”,  

CE3201 at the University of Minnesota, Twin Cities. Each student is  

asked to develop a re‑development plan of the Sioux Falls network  

under given scenarios using ADAM to evaluate the efficiency of that  

plan. The user interface is illustrated in Figure 2.

FIGURE 2: User Interface of ADAM

Evaluation
Two surveys were conducted before and after the class project to evaluate 

the effectiveness of ADAM. The pre-class survey collects students’ back-

ground information, while students report their self-evaluation in the post-

class survey. As shown in Table 1, students generally agree that ADAM 

improves their understanding of travel demand modeling, transportation 

planning and transportation projects. Comparing students’ self-evaluation 

before and after using ADAM, we find ADAM significantly increases stu-

dents’ perceived skills of identifying relationships between components in 

the transportation system, forming opinions and judgments (Table 2).

TABLE 1: Learning Outcome Assessment

Learning outcomes Mean Sd
Observations 37

Perceived improvements on subject understanding   (1 = poor, 5 = very good)
Travel demand modeling 3.59 0.83
Transportation planning 3.38 0.82
Transportation project evaluation 3.28 0.96

Perceived skills after projects   (1 = poor, 5 = very good)
Identify relationship among components 3.54 0.73
Form options 3.43 0.76
Comparison and judgment 3.48 0.83

Efficacy assessment of ADAM as a learning tool 
Interface
(0 = poor, 9 = very good)

Reading on screen 6.32 2.37
Information organization 5.46 2.04
Indication of system progress 5.22 2.05
Overall satisfaction 5.49 2.02

System design
(0 = poor, 9 = very good)

Easy to access 100%
Speed satisfaction 6.05 2.07

Efficacy of enhancing learning through
(1 = disagree, 5 = agree)

Practice of skills 2.94 0.97
Practical experience 3.21 0.85
Interactive approach 3.27 0.99
Motivating teaching strategies 3.00 0.99

Overall satisfaction
(1 = low, 5 = high)

Easy to learn 3.67 1.05
Quality as a learning tool 3.08 0.98
Learning experience with ADAM 3.18 0.99
Overall satisfaction 3.08 0.86

Assessment of project design (1 = low, 5 = high)
Overall satisfaction 3.11 1.07
Quality of design 3.29 0.84
Time taken to accomplish work 2.51 0.69
Supporting information proficiency 3.56 1.04
Information clarity 3.32 0.91

TABLE 2: Perceived Improvement in Skills after Simulation-based 

Project

Skills

Mean score of self-reported 
ability 
(1 = poor, 5 = very good )

t pBefore After
Identify relationship among components 2.24 3.54 -14.3 1.0e-16*
Form options 2.76 3.43 -7.95 9.5e-10*
Comparison and judgment 2.43 3.49 -11.9 2.67e-14*

*Significant at 99% confidence interval

Linear regressions are carried out with regard to students’ learning perfor-

mance indicators, including scores on the quiz I, self-reported improve-

ments on knowledge and improvements on self-perceived skills (Table 

3). As shown by the regression results, students preferring visual learning 

are more likely to gain from simulation-based teaching according to the 

negative coefficient and statistical significance. Similarly, active learners 

(Learning through doing) are more likely to improve their skill of evalu-

ating alternative projects and making judgments. Students who are more 

enthusiastic about innovative teaching strategies are likely to form a better 

understanding of transportation planning after learning through simulation; 

however, their improvement in skills is not as significant as those favoring 

traditional classroom teaching. The survey reports that students believe the 

simulator is simple and easy to learn, which diminishes the importance of 

computer proficiency in student performance.

TABLE 3: Students’ Performance and Self-evaluation vs. Students’ 

Characteristics
Explanatory variables Students’ 

characteristics vs.
Students’ characteristics vs. Perceived 
improvement of 

Scores in quiz I Understanding 
on transportation 
planning

Skills of judgment

Coef. t p Coef. t p Coef. t p
Jjunior [1,0] -6.97 -1.68 0.10a 0.70 2.27 0.03b 0.53 1.33 0.19
Ssenior [1,0] 0.48 1.02 0.31
Sensing vs. Intuitive* 0.21 1.11 0.27 -0.21 -0.91 0.37
Visual vs. Verbal* -4.83 -1.95 0.06a -0.39 -2.22 0.03b 0.24 1.16 0.25
Active vs. Reflective* 3.28 1.23 0.22 0.26 1.69 0.10a -0.43 -2.17 0.03b
Sequential vs. Global* 2.71 1.25 0.22 -0.14 -0.95 0.35
Motivated by innovative 
teaching Strategies*

-1.47 -0.51 0.61 -0.50 -2.42 0.02b 0.56 2.48 0.02b

Transportation planning** -7.88 -1.75 0.09a -0.21 -0.67 0.51 0.47 1.34 0.19
Transportation project 
evaluation**

0.31 1.22 0.23

Identify relationship among 
components**

0.15 0.73 0.47 -0.31 -1.36 0.18

Form options** 3.05 1.22 0.23 0.21 0.92 0.37 0.56 2.48 0.02b
Comparison and judgment** -0.67 -2.01 0.05b
 Final scores (100 based) 1.17 4.29
constant -34.0 -1.24 0.22 5.39 3.84 0.007 -1.04 -0.72 0.47

R2=0.76 R2=0.67 R2=0.66

* Felder-Silverman’s Index ranging from 1 to 5.
** 1 = poor in knowledge or skills before the class, 5 = very good in knowledge or skills 
before the class
Significant at a:90%, b: 95%, c: 99% Confidence Interval

Findings from this research are twofold: first, ADAM’s performance in 

enhancing transportation education is consistent with its design philoso-

phy: simple, flexible, engaging and enlightening. Surveys reveal that a 

new teaching strategy of travel demand modeling based on ADAM can 

effectively enhance students’ understanding of transportation planning 

and their skills on evaluating transportation projects and making decision 

according to measures of effectiveness.

Second, students’ learning style does play an important role on their gains 

from simulation based teaching strategy. Visual and active learners cap-

tured more benefits from this strategy while those who preferred sensing 

and sequential learning did not demonstrate higher performance. 

As an extension to this study, an experiment with both a control group 

and a treatment group would allow a better evaluation the effectiveness of 

ADAM. It is difficult to use control groups in real classrooms during the 

same semester, however, as that might be perceived as unfair by the stu-

dents who have real grades riding on their performance.
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Conclusion:


