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abstract : This study analyzed commuters’ route choices among three main routes
towards their downtown workplaces on a Stated Preference Survey. After stating their
initial preference, information about routes that would take less time to traverse appeared
to greatly influence drivers’ choices, often provoking them to choose the faster route. Past
experiences, including the number of times a route had been chosen, prior preferences and
the positive or negative results of previous route choices also exerted a strong influence on
drivers’ decisions.

1. INTRODUCTION

Intelligent Transport Systems (ITS) are a group of rapidly developing high-technology
applications combining innovations in electronics, information science, and communications to
reduce traffic-associated problems such as traffic jams, accidents and air pollution. One
of the key components of ITS technology is the Advanced Traveler Information System
(ATIS), which enables information exchange between or among automobiles on roads and
traffic control centers, thus minimizing traffic congestion, enhancing road safety, and
enabling an efficient use of the road network.

For ATIS technology to be effective, it has to present the driver with that information
most likely to be utilized in route decision choices, hence the rationale for this study. The
subjects of our research were commuters in the city of of Chunju who drove to
workplaces in the downtown core. This was chosen as the sample population because: (i)
business functions in Chunju are concentrated in the downtown area which lies at the
heart of commuting traffic, (ii) the amount of time spent while driving to downtown
workplaces is more significant than for other areas in the city, and (iii) the downtown area
is most crowded because commuting traffic concentrates on the area in a shorter time, and
more heavily than traffic outside the main commuting hours. In order to analyze
commuting drivers’ choices between three main routesto the dowtown core, we conducted a
Stated Preference Survey while varying the subjects’ access to travel information, and
analyzed which factors most influenced route choice.

Our analysis was based on the Disaggregate Behavioral Model (DBM), a model in which
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the behavior of the individual units of analysis, in this case communters, is preserved in
the final representation. In analyses based on the Aggregate Model, by contrast, the
behavior of individual commuters would disappear from the representation of group choices,
making the Disaggregate Model more suitable for this study from both theoretical and
practical viewpoints. In order to work with the DBM, we first had to study the its
theoretical background. Then we established a model for the analysis of route choosing
behavior over three main routes to the downtown core using the Logit Model, which is
very adaptable to practical situations due to its ease of calculation and quick coefficient
estimation, Next, we estimated the model of the route choosing behavior of downtown
road users in the morning rush hours based on the data collected through the survey.
Finally, we analyzed influential factors and their degrees of influence on route choosing
behavior.

2. SURVEY OUTLINE

There are many factors which could possibly influence a driver’'s choice of route: eg.,
travel time, expense, detour distance, past experiences with a route, the amount of traffic
information drivers have access to, and the crowdedness of the route the driver is currently
on. Since some of these factors are determined by spatial, social and circumstantial factors
which are dificult to manipulate, we chose travel time information about the three main
routes as the comparative data, and we examined the route choosing behaviors of drivers
as that information varied. When this on-route information was given, drivers would
re—evaluate and often change their route choices, integrating the given travel time
information with their past road experiences and current traffic circumstances.

A conceptual map of the test area for this research is given in Fig. 1. For the Stated
Preference Survey, we presented drivers with a hypothetical situation in which travel time
information was given to them as they were driving downtown on one of the three main
inbound roads: Kirin-ro, Paldal-ro, and Chunbyun-ro. We profiled each Stated Preference
Survey response, based on the travel time supplied for each route as given in Table 1.

_Krinro,
Paldal-ro © o . :
Paldal-ro T —
© | B Downtown
Western Detour Chunbyun-ro

© Places where the travel time information was provided
Figure 1. Concept Map of the Survey Area

Table 1. Primary Factor and lLevel of Profile

Primary Factor - Level - -
Current Route Kirin-ro / Paldal-ro / Chunbyun-ro
- Kirinro 10 min 20 min 30 min
Travel Time Info |Paldal-ro 15 min 25 min 35 mini
éhun.l).yt-,lri—ro 10 fnir} 20 m_m %Omln '
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We presented our subjects with only 9 travel time conditions, using the Lo(3") array of
cross-relationship to present 4 factors in 9 experiments, by showing 9 cards with (rip
duration information on them to each individual respondent. The Stated Preference Survey
filled out voluntarily by workers in the downtown offices visited by the examiner collected
data on the items listed in Table 2 (demographic information, normal commuting route in
the morning, preferred route, number of times per week other specific non-preferred routes
were chosen, and estimated travel time). Out of 1,100 questionnaires distributed, 464 were
returned, giving a 42.18% rate of return.

Table 2. Survey Outline

Survey Subjects |Chdnju workers who drive to downtown worksites

Demographic information, normal commuting route in the
morning, preferred route, number of times per week
other specific non-preferred routes were chosen,
estimated travel time, SP questions

Survey Method |Office Visitation

Survey Items

3. COMPARISON OF PREFERRED ROUTES AND ROUTE
CHOOSING BEHAVIOR

We investigated drivers’ likelihood of deviating from their preferred route based on the
provision of traffic information. Before seeing the traffic information, drivers made guesses
about approximate travel time based on their previous driving experiences. Once they gol
information about travel times that differed from their expectations, they tended to revise
their initial choices. We also examined how persistent the initial route preference was,
after information about transit times on other routes was given.

We noted that the first wave of morning commuters tended to prefer Kirin-ro, prior to
recelving information on transit times. Commuters who travelled during later waves of
morning rush hour traffic showed progressively less initial preference for Kirin-ro, and
progressively more for Paldal-ro and Chunbyun-ro (Table 3).

Table 3. Route Choice by Traffic Wave Before the Provision of Travel Time Information

ave ute Kirin-ro Paldal~-ro Chunbyun-ro
 Wavell 100 (26.8%) 54 (14.5%) 219 (68.7%)
‘ Wave 2 27 (11.0%) 45 (18.3%) 172 (699%) |
| Wave 3 21 (11.2%) 38 (20.2%) 129 (68.6%)

Table 4. Route Choice by Traffic Wave After the Provision of Travel Time Information

ave ute Kirin-ro Paldal-ro Chunbyun-ro

L Wave 1 1638 (39.3%) 1026 (24.6%) 1509 (36.2%)
Wave 2 850 (38.4%) 494 (22.3%) 870 (39.3%)

Wave 3 552 (32.6%) 388 (22.9%) 752 (44.4%)
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After the provision of travel time information, choices were more evenly distributed across
Kirin-ro, Paldal-ro and Chunbyun-ro, showing that drivers responded to the given travel
time information (Table 4).

We also found out that in the latter stages of the morning rush, drivers were more likely
to stick with their preferred routes after the provision of travel time information. In other
words, as can be seen in Table 5, the correlation between the preferred routes and the
chosen routes grew higher with later waves of traffic. But the provision of information
still influenced route choice, as can be deduced from the fact that there were differences
between the overall route choices and the route choices per preferred route.

Table 5. Route Choice Per Each Preferred Route After the Provision of Information

pre\femte\cmsen\l%iuw Kirin-ro Paldal-ro Chunbyun-ro
Kirin-ro 38 (3.1%) 218 (242%) 204 (32 70/
Wavel Balilso W”189 (389/0)' 150 <309 147 (302 ),,,
 Chunbywn-ro | 744 G77%) 440 @2 3%>' 787 (09%)
 Kirinro | 122 (502%) 48 (198%) 73 (30.0%)
Wave2  Padalro | 158 (390%) 121 (299%) 1 % (3L1%)
" Chunbyun-ro | 563 (36.4%) 320 20.7%) 665 (430%)
Kirin-ro o4 (49.7%) 46 (24.3%) 4 (259%) a
Wave 3  Paldalro | 104 (304%)4" ‘117 @4 2/ 121 ¢ (35.4%
Chunbyun-ro | 354 (B05%) 225 (19.4%) 582 (50.1%)

4. DYNAMIC ROUTE CHOICE BEHAVIOR MODEL
4.1 Markov Model

The primary Markov process can be represented in terms of the probability vector P of an
individual situation { (i = 1, 2, . . ., s) at certain point of time, t, and the prohability
matrix R of multiple rows s Xs (Table 6):

Table 7 represents the route choices from the first and second waves of traffic. The
transition probability estimation is obtained by a conversion into a ratio which makes the
sum of the frequencies in each row in Table 7 equal to 1.

In other words,

.21 .61 .19

l.73 12 .16]
.16 .07 .77
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Table 6. Markov's Link Coefflicient

time t+1 situation

i P o
Liry 7y 7 }
Situations at time t 2|72 "2 7 "u|=R 21"-,:1.0 (1=1,2,,9)
: : : . Jo=
S17q e * ¥y

Situation i probability [ p; p, - p, 1 =P ,2-1‘”": 1.0

Table 7. Route Choices (Wave 1 - Wave 2)

Wave 2
. Kirin-ro Paldal-rto  Ch’gnbydn-ro i Total

Wave 1 ; 5
Kirinto 605 9% 133 L83
Paldalro | 115 338 103 . 556
Ch’snbysn-ro 129 59 633 7}
Total 849 493 869 - 2om

The matrix R above means that if a person chose Kirin-ro at a certain time ¢, the
probability of choosing the same route at ¢+ is 73%; the probability of a person who
chose P’aldal-ro at ¢ to choose P’aldal-ro again at t+] is 61%; and the probability of a
person who chose Ch'dnbydn-ro at ¢t to choose Ch'6nbydn-ro again at t+/ is 77%. The
probability of a person who chose P’aldal-ro at ¢ to choose Kirin-ro at t+I is 21%, and
the probability of a person who chose Ch’'dnbyén-ro at ¢ to choose Kirin-ro at ¢+ is 16%.
When these data are given, the primary Markov process can predict the probabilities of
route choices among Kirin-ro, P’aldal-ro and Ch’6nbydn-ro at time t+2. As the result of
route choice at time t+I (Wave 2) in Table 7, the circumstantial rates are :

R=[.38 .22 .39]

The probabilities at time ¢+2 can be obtained from the aboves above by using matrix
calculus :

73 .12 .16
PR=[.38 .22 .39] l.Zl .61 .19’=[.39 .21 .40]
.16 .07 77

We can evaluate the appropriateness of the above calculus by examining the assumption
that the change transition matrix from t=1 to t=2 is equal to the matrix based on the data
from ¢=2 and t=3. When the ordinary %* test is done on split table following Goodman
(1962), the actual measurements of the changes from Wave 2 to Wave 3 appear as
presented in Table 8.
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Table 8. Route Choices (Wave 2 ~ Wave 3)

L . Kirin-ro Paldal-ro Chunbyun-ro Total
Kirin-ro . 449 8 146 . 673
Paldal-ro | 44 258 69 {37

Chunbyun-ro 59 52 oomr 648
Total P 552 388 752 1,692

The values of x2 calculated from Table 9 are x2 = 29.77 for Kirin-ro, x2 = 2266 for
P’aldal-ro, and x2 = 17.25 for Ch'énbydn-ro. When we compared those values with the
table of x* statistics, each value of 2% was statistically significant (@ <0.05). Since the
Markov process is not appropriate due to differences in the route choices among waves,
one of the following two modifications of the Markov model is necessary : (i) to raise the

order of the Markov process, (i) to divide the sample into subparts and to develop a model
in which each subpart has its own transition matrix.

Table 9. Mobility Data for the Examination of Equivalence in Transition Matrix

Choice of Kirin-ro at | Response at Tlme o i
Time ¢ Klrm-ro Paldal-ro Chunbyun ro Towl
______ =1 (Wavel) . 605 . 9% 138
=2 Wave2) = 449 78 M6 . 673
Total © 1,054 174 : 279 ,
Choice of Paldal-ro at |~ Response at Ttme t1 i
Time ¢ : Klrm-ro Paldal-ro Chunbyun ro L
Ct=1 (Wave 1) | 115 . 338 : 103 : o556
e dZ2 (Wave d) T 058 69 I
Total 159 9% 172 97
Choice of Chunbyun-ro. Responsc -ati Tlme 1 ‘ Total
at Time Kirm-ro i Paldal-ro Chunbyun-ro
.,,,_]_'fi_’l Wave ) "I98y e
=2 (Wave 2) T 59 é 52 537 §
e B e 1‘11 1]70 e - e

4.2 Dynamic Route Choosing Behavior Model

Under the assumption that individual choices are not independent of time, we examined the
validity of route choosing behavior using disaggregate model. To predict the route
preference of drivers at the time of information provision, we analyzed how much influence
the results of past choices or initially preferred routes had on drivers’ current route
choices. Our prediction rested on the assumption, following the representative disaggregate

method, that each route i for each driver has definite terms of utility which are represented
by a li{xear formula.
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The definite term of expected utility Vi of a driver’s route i is represented as follows :

Vi=a Tyt @S+ esEz+ ayR,y, o))
Vi=a 1T+ @3S+ a3S,—1;+ ayEi+ asR, -+ ag (2
where
T, ' travel time information given on the present route i
S, : a dummy variable relating the present route i to the preferred route before the
information is given
Si-1; © a dummy variable relating the past route i{ to the preferred route before the
information is given
E,; : a dummy variable relating the present route i to the number of drivings on the
present route
R, ; © a dummy variable relating the past route i to the preferred route

@y, ay, a3, ay @5 ag - coefficients

It is thought that drivers consider the expected utility of each route and choose the route

with greatest utility. The probability P; of preference of route [ over other routes is

obtained by

p— exp (V)
7 exp(Vy) +exp(V)) +exp(Vy)

3)

The coefficients of this dynamic route-choosing behavior model which are roughly given
by formulas (1) and (2) are presented in Table 10. Travel time on each given route was
adopted as the common variable in our study, and preferred route, number of times having
driven on certain route, the result of choice at t-/ and the preferred route at t-/ werc
adopted as unique variables for each route. The dummy variable 1 was used for the
preferred route, and O for non-preferred routes. As for the chosen routes at time -1, we
used the dummy variable 1 for the chosen route and 0 for the routes not chosen. For the
number of times drivers had previously used a route, we used the dummy variable 0 to
represent fewer than two prior experiences with a route, and the dummy variable 1 for
more than two experiences in the cases of Kirin-ro and P’aldal-ro. In the case of
Ch'dnbydn-r6 we used the dummy variables 0 for no prior experiences and | for at least
one experience with the route.

Table 10(a) can be said to be a situation dependent model which includes the results of
past choices in the current traffic condition, and Table 10(b) a serial correlation model
which includes past error terms by including past preferred routes and the results of choice
in the current traffic condition.

Model 1 in Table 10(a) took Wave 2 as the present time and modelled present travel-time
information, present preferred route, current number of experiences driving on each route
and the results of choices at Wave 1 as expanatory variables. Model 2 took Wave 3 as the
present time and modelled the same explanatory factors, substituting Wave 2 choices for
Wave 1 choices. Model 3 took Wave 3 as the present time and modelled the explanatory
variables with the results of choices at both Wave 1 and Wave 2.
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When it came to the code condition of the overall model coefficients, the travel-time
information coefficient was of negative value, the preferred-route coefficient was of positive
value, the number of past route experiences coefficients were of positive value, and all
coefficients were valid. In terms of significance, for Model | the travel time information
coefficient, preferred-routes coefficient (Paldal-ro and Chunbyun-ro), the number of driving
experiences coefficient (Kirin-ro) and chosen-route coefficient at time ¢-I were significant
at 1%. For Model 2 as well, the travel-time information coefficient, preferred-routes
coefficient (Kirin-ro, Paldal-ro and Chunbyun-ro), the number of driving experiences
coefficient (Kirin-ro, Paldal-ro and Chunbyun-ro) and the chosen-route coefficient at time
t-1 (Kirin-ro, Paldal-ro and Chunbyun-ro) were significant at 1%. Again in Model 3, the
travel-time information coefficient, the preferred-routes coefficient (Kirin-ro, Paldal-ro and
Chunbyun-ro), the number of driving experiences coefficient (Kirin-ro, Paldal-ro and
Chunbyun-ro), and the chosen-route coefficients at time ¢-/ (Kirin-ro) and at time (-2
(Kirin-ro, Paldal-ro and Chunbyun-ro) were significant at 1%. In Model 3, the value for
the chosen route at time t-I had a bigger influence on time ¢ than that at time ¢-2. The
prediction accuracy rate and log-likelihood ratio for each coefficient was considerable. This
indicates that not only the current traffic environment but also the driver's route-choice
history affects immediate route choices. Looking at the prediction accuracy rates by route,
predictions were most accurate for Chunbyun-ro, which explains drivers’ preference for
that route over others.

Model 4 in Table 10(b) took Wave 2 as the present time and modelled the same set of
explanatory variables (present travel-time information, present preferred route, current
number of experiences driving on each route, and the preferred route), and the results of
choices at Wave 1. Model 5 took Wave 3 as the present time and modelled the explanatory
variables plus the results of choices at Wave 2. Model 6 took Wave 3 as the present time
and modelled the variables plus the preferred route and results of choices at both Wave |
and Wave 2.

When it came to the code condition of the overall model coefficients, the travel time
information coefficient was of negative value, preferred route coefficient was of positive
value, the number of drivings coefficients on each route were of positive value and they
were all valid. When it came to the significance of coefficients, in Model 4, the travel-time
information coefficient, preferred-routes coefficient (Paldal-ro and Chunbyun-ro), number of
drivings coefficient (Kirin-ro and Paldal-ro) and chosen route coefficient at time ¢~/ were
significant at 1%. Again for Model 5, the travel-time information coefficient, preferred-
routes coefficient (Paldal-ro and Chunbyun-ro), number of drivings coefficient (Kirin-ro and
Chunbyun-ro), preferred-route coefficient at time ¢/ (Chunbyun-ro), chosen-route
coefficient at time ¢-I (Kirin-ro, Paldal-ro and Chunbyun-ro), and the constant-term
coefficient of Paldal-ro were significant at 1%. In the case of Model 6, the travel-time
information coefficient, preferred-routes coefficient (Kirin-ro and Chunbyun-ro), number of
drivings coefficient (Kirin-ro), and both the preferred-route coefficient (Chunbyun-ro) and
the chosen-route coefficient (Paldal-ro and Chunbyun-ro) at time ¢-1, as well as the
preferred-route coefficient (Chunbyun-ro) and chosen-route coefficient (Kirin-ro) at time
t-2 were significant at 1%. In Model 6, the result of chosen route at time t-1 had a bigger
influence at time ¢ than that at time t-2. This indicates that not only the current traffic
environment conditions but also recent route choices and preferred routes influence
immediate route choosing behavior. Hit-rates and log-likelihood rates were considerably tor
all variables. When it came to the hit-rates for each route, Chunbyun-ro showed the
highest hit-rates, well explaining preference of Chunbyun-ro in drivers’ route choosing
behavior.,
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Table 10(a) Dynamic Route Choosing Behavior Model

Model 1 Model 2 Model 3
Variables (Wave 2) (Wave 3) (Wave 3) .
Coefficient| t value |Coefficient| t value [Coefficient| t value
‘Travel Time Info (min) -0.132 | -21342 | -0142
Kirin-ro 0.803
Preferred Route Paldal-ro 0.630 3.3538 0.859
L0582 15031 | 0701
0.755 5.875 0.534
0.367 2.550 0.424
........ Chunbyun-ro | | | 052 | 2915
Kirin-ro 0.865 7.071
fv%‘;sve: S"“‘e Paldal-ro 0709 | 5052
Chunbyun-ro 0.844 5.878 )
Kirin-ro 0.835 6.079 0.507 2.877
%":je“ 2‘;"“” Paldal-ro 115 | 7153 | 109 | 5688
Chunbyun-ro 0.675 4.022 0632 | 33%
Number of Samples L8612 1692
*pz 0.437 0.475 0.486
o Overall TUUTs 79.78 80.26
. Kirin-ro 7844 76.56 78.01
Hit-Rates Paldal-ro 7315 75.88 7650
Chunbyun-ro 80.24 84.38 83.87
Table 10(b) Dynamic Route Choosing Behavior Model
Model 4 Model 6 Model 6
Variables Wave 2 Wave 3 Wave 3
Coefficient| t value |Coefficient| t value |Coefficient| t value
Travel Time Info (min) | 0132 | -21.040 | -0.147 | -20300 | -0137 | -16615
Kirin-ro 0.608 2463 0.781 2.792
Preferred Route Paldal-ro 0.633 318 0.719 3417 0.523 2.044
,,,,,,, Chunbyun-ro | 0767 | 467 | 0688 | 3365 | 073 | 3081
Number of Driving Kirin-ro 0.596 443-"11 0.505 2973 0.55? 290‘)
E e antes Paldal-ro 0.458 2.835 0.270 1.570 0.346 1.861
. Chunbyun-ro | 1036 | 6267 | 0803 | 324 | |
Kirin-ro 0.551 3.398 1.163 6.184
Ehogen Houte Paldal-ro 0914 | 5253
(Wave 1)
. Chunbyun-ro | b
Kirin-ro
f;veiev’:"f) Bouss Paldal-ro ,
SRR ©: . 1->'4" < o (- TN AU N AU 0697 1 3081
Choser Route Kirin-ro 0.850 ?.639 0.416 1.931‘
(Wave 2) Paldal-ro 0.959 5.068 1.012 4.806
B Chunbyun-ro | 10768 | 4127 | 0902 | 4333
Preferred Routs Kirin-ro 0.393 1.657
(Wave 2) e
___________________________________________ Chunbywn-ro | | | o4 | 2650 | 0521 | 262
Constant! Terms Kirin-ro 0.501 2.503 0.600 1.965 0.083 0.270
Paldal-ro 0.045 0.214 0.897 2.907 0.6%0 2.312
Number of Samples JAB36 1683 Az
o 0.429 0.482 0507
Overall 7854 80.10 80.94
Hit-Rates Kirin-ro 7711 78.38 79.39
Paldal-ro 73.79 75.07 7152
Chunbyun-ro 82.65 899 83.75
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5. CONCLUSION

This study carried out a panel survey of preferred routes between three alternative inbound
routes, and analyzed the route preferences of drivers before and after the provision of
traffic information. To summarize :

(1) The reason for the big differences between the preferred route before the provision of
information and the chosen route after the provision of information is thought to be due to
the importance of travel-time information on route choosing behavior,

(2) We discovered regular differences in initial route preference (before the provision of
traffic information) depending on the gender of drivers and the number of experiences
driving on the preferred routes. After the provision of information, the route-choosing
behavior was most affected by age, used route, preferred route and the number of
experiences driving on the route.

(3) In our dynamic route-choice behavior model, travel time information, preferred route,
number of experiences driving per route, previous preferences and the results of route
choices influenced the dynamic route choosing behavior, indicating that a driver's
route-choice history still influences immediate route choosing behavior.

Based on these results, we find that drivers choose routes based not only on the current
traffic information but also on past experiences and preferred routes.

REFERENCE

Ben-Akiva, M et al (19898) Analysis of the reliability of stated preference data in
estimating modal choice models, WCTR&9.

Bonsall P. (1992) Drivers’ acceptance of route guidance advice @ an international comparision,
Conference Record of Papers Vehicle Navigation & information Systems, 617-625.

Department of Transportation (1993) Intelligent Vehicle Highway Systems Projects, 49-53.

DRIVE 91 (1991) Research and Development in Advanced Road Transport Telematics in
Europe, 39-70.

Golob, T. F. (1990) Structural equation modeling of travel choice dynamics, Development in
dynamic and activity-based approach to travel analysis, 343-370.

Goodwin, P. B. Kitamura, R. Meurs, H. (1990) Some principles of dynamic analysis of travel
behavior, Developments in dynamic and activity-based approach to travel analysis, 56-72.

Goodwin, P. B. (1990) Family changes and public transport use 1984-1987;, Dynamic
analysis using panel data, Transportation 16, 121-154.

Hensher, D. A. & Smit, N. C. (1990) Estimating automobile utilization with panel data @ An
investigation of alternative assumption and error covariance, Transportation Research-A,
Vol. 24A, No. 6, 417-426.

Journal of the Eastern Asia Society for Transportation Studies, Vol. 2, No. 4, Autumn, 1997



Dynamic Modelling using Panel Data with Travel Information on Multi-Route 1295

Hensher, D. A. & Wrigley, N. (1986) Statistical modelling of discrete time with panel data,
Behavioral Research for Transportation Policy, 97-116.

Hensher, D. A. (1987) Issues in the pre-analysis of panel data, Transportation Research.-A,
Vol. 21A, No, 4/5, 265-285.

Khattak, A. J. Schofer, J. L. and Koppelman, F. S. (1993) Commuters’ enroute diversion
and return decisions :Analysis and implications for advanced traveler information systems,
Transportation Res-A, Vol 27A, No. 2, 101-112.

Kitamura, R. (1988) An evaluation of activity-based travel analysis, Transportation, Vol. 15,
No. 1-2, 9-34.

Kitamura, R. (1987) A panel analysis of household car ownership and mobility, Infrastructure
Planning and Management, 13-27.

Kitamura, R. (1990) Panel analysis in transportation planning ; an overview, Transportation
Research-A, 24A, No. 6, 401-415.

Markus, G. B. (1979) Analyzing Panel Data, SAGE Publications, 1-87.

Meurs, H. Wissen, L. V. Visser, J. (1990) Measurement biases in panel data, Transportation
16, 275-297.

Meurs, H. (1990) Dynamic analysis of trip generation, Transportation Research-A, Vol. 24A,
No. 6, 427-442.

Moshe Ben-Akiva, Steven R. Lerman (1987) Discrete Choice Analysis, The MIT Press,
Secone printing.

Pas, E. I. & Koppelman, F. S. (1987) An examination of determinants of day-to-day
variability in individuals’ urban travel behavior, Transportation 14, 3-20.

Pas, E. (1990) Is Travel Demand Analysis and Modelling in the Doldrums?, Developments
in dynamic and activity-based approach to travel analysis, 3-27.

Shiroishi, F. (1983) Analysis of the Reliability of Stated Preference Data in Estimating
Models of Travel Mode Choice, Master’'s Thesis in M.LT.

Journal of the Eastern Asia Society for Transportation Studies, Vol. 2, No. 4, Autumn, 1997



