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Hypothesis of Hiroshima Univ. in 2014
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Faster than alternative

Slower than alternative

Sample size 1522 average 1.93

maximum 28.91 median 1.30
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2017 Focus Point

We focus on Rationality of travel mode choice
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2017 Are they choosing a slower travel mode among all alternative?

Rational
44%Irrational

56%

rational / irrational
(N=1522)

Rational
selected mode

＝ alternative one takes minimum time

Irrational
selected mode

≠alternative one takes minimum time

Defining Rationality

In fact, 56% trip didn’t behave rational choose of travel mode

① Analyzing the tendency of Rational / Irrational behavior 
② Comparing Value of travel time of Rational and Irrational by

using estimated parameter 



Basic analysis
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Males prefer to take rational mode

0% 20% 40% 60% 80% 100%

Rational

Irrational

Female Male

Rate of the difference acording to sex



Basic analysis
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Business trip have tendency to take irrational mode

Rate of the difference acording to puprose

0% 20% 40% 60% 80% 100%

Business

Pernonal

Return Home

Other

Commute

Rational Irrational



Basic analysis
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Walk and bus are irrational

Rate of the difference according to trip mode

0% 20% 40% 60% 80% 100%

Bicycle

Bus

Car

Rail

Walk

Rational Irrational



Basic analysis
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Females prefer to take bus

Analysis focused on travel mode

0% 20% 40% 60% 80% 100%
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Basic analysis
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Many 50’s take bus

Analysis focused on travel mode

0% 20% 40% 60% 80% 100%

Bicycle

Bus

Car

Rail

Walk

20's 30's 40's 50's



Binary logit model

Rational （ observed  mode choice ＝ the fastest time）
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Utility function（model 1）

𝑈𝑅𝑎𝑡𝑖𝑜𝑛𝑎𝑙 = 𝛽0 + 𝛽1 ∗ 𝑡𝑖𝑚𝑒 + 𝛽2 ∗ 𝑐𝑜𝑠𝑡 + 𝛽3 ∗ 𝑑𝑢𝑚𝑚𝑦𝑠𝑒𝑥

+𝛽4 ∗ 𝑑𝑢𝑚𝑚𝑦𝑐𝑎𝑟 + 𝛽5 ∗ 𝑑𝑢𝑚𝑚𝑦𝐵𝑢𝑠𝑖𝑛𝑒𝑠𝑠 + 𝜀

𝑈𝐼𝑟𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 =0

𝛽0:constant
𝛽1: 𝑡𝑖𝑚𝑒[𝑚𝑖𝑛]
𝛽2: 𝑐𝑜𝑠𝑡[𝑦𝑒𝑛]

𝛽3: 𝑠𝑒𝑥 𝑑𝑢𝑚𝑚𝑦
𝛽4: 𝑐𝑎𝑟 𝑑𝑢𝑚𝑚𝑦
𝛽5: 𝑏𝑢𝑠𝑖𝑛𝑒𝑠𝑠 𝑡𝑟𝑖𝑝 𝑑𝑢𝑚𝑚𝑦

Model structure

Irrational（ observed  mode choice ≠ the fastest time ）
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Estimation Results（Binary Logit Model）

Variable Parameters Std. Error Z value Pr(z)

Constant -1.333 0.128 -10.403 2.2e-16 ***

Time [min] -0.165 0.381 -0.433 0.665

Cost [yen] 0.127 0.038 3.379 0.000728 ***

Dummy [sex] 0.145 0.152 0.953 0.341

Dummy [car] 2.623 0.142 18.451 2.2e-16 ***

Dummy 
[business]

-0.992 0.271 -3.660 0.000253 ***

LL0 -1054.97

LL1 -777.90

Rho 0.262

Rho.adj 0.260
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Multinomial logit model

𝑈𝑇𝑟𝑎𝑖𝑛 = 𝛽1 + (𝑘 ∗ 𝛽5+𝑙 ∗ 𝛽6) ∗ 𝑡𝑖𝑚𝑒𝑇 + (𝑘 ∗ 𝛽7+𝑙 ∗ 𝛽8) ∗ 𝑐𝑜𝑠𝑡𝑇 +𝜀𝑇

𝑈𝐵𝑢𝑠 = 𝛽2 + (𝑘 ∗ 𝛽5+𝑙 ∗ 𝛽6) ∗ 𝑡𝑖𝑚𝑒𝐵𝑢 + (𝑘 ∗ 𝛽7+𝑙 ∗ 𝛽8) ∗ 𝑐𝑜𝑠𝑡𝐵𝑢

+𝛽9 ∗ 𝑑𝑢𝑚𝑚𝑦𝑠𝑒𝑥 + 𝛽10 ∗ 𝑑𝑢𝑚𝑚𝑦𝑎𝑔𝑒50 + 𝜀𝐵𝑢

𝑈𝐶𝑎𝑟 = 𝛽3 + (𝑘 ∗ 𝛽5+𝑙 ∗ 𝛽6) ∗ 𝑡𝑖𝑚𝑒𝐶 + (𝑘 ∗ 𝛽7+𝑙 ∗ 𝛽8) ∗ 𝑐𝑜𝑠𝑡𝐶 +𝜀𝐶

𝑈𝐵𝑖𝑘𝑒 = 𝛽4 + (𝑘 ∗ 𝛽5+𝑙 ∗ 𝛽6) ∗ 𝑡𝑖𝑚𝑒𝐵𝑖 + (𝑘 ∗ 𝛽7+𝑙 ∗ 𝛽8) ∗ 𝑐𝑜𝑠𝑡𝐵𝑖

+𝛽9 ∗ 𝑑𝑢𝑚𝑚𝑦𝑠𝑒𝑥 + 𝜀𝐵𝑖

𝑈𝑊𝑎𝑙𝑘 = (𝑘 ∗ 𝛽5+𝑙 ∗ 𝛽6) ∗ 𝑡𝑖𝑚𝑒𝑊 + (𝑘 ∗ 𝛽7+𝑙 ∗ 𝛽8) ∗ 𝑐𝑜𝑠𝑡𝑊 +𝜀𝑊
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Utility function（model 2）

𝛽1: 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑇𝑟𝑎𝑖𝑛
𝛽2: 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝐵𝑢𝑠
𝛽3: 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡(𝐶𝑎𝑟)

𝛽4: 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝐵𝑖𝑘𝑒
𝛽5: 𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑑𝑢𝑚𝑚𝑦(time)
𝛽6: 𝑖𝑟𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑑𝑢𝑚𝑚𝑦(time)

𝛽7: 𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑑𝑢𝑚𝑚𝑦(cost)
𝛽8: 𝑖𝑟𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑑𝑢𝑚𝑚𝑦(cost)
𝛽9: sex dummy
𝛽10: 50s dummy

Bus
Car
Bike

Train

Walk

Model structure
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𝑘 = 1 𝑖𝑓 𝑖 = 𝑅𝑎𝑡𝑖𝑜𝑛𝑎𝑙
0 𝑖𝑓 𝑖 = 𝐼𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙

𝑙 = 0 𝑖𝑓 𝑖 = 𝑅𝑎𝑡𝑖𝑜𝑛𝑎𝑙
1 𝑖𝑓 𝑖 = 𝐼𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙



Estimation Results (Multinomial Logit Model )
Variable Parameters Std. Error Z Value Pr (z)

Constant(Train) 1.538 0.140 -10.981 2.2e-16 ***

Constant(Bus) 9.088 0.576 -15.791 2.2e-16 ***

Constant(Car) 1.325 0.113 -11.778 2.2e-16 ***

Constant(Bike) 1.830 0.155 -11.810 2.2e-16 ***

Dummy[Rational_Time] 9.253 0.577 -16.033 2.2e-16 ***

Dummy[Irrational_Time] 2.730 0.354 -7.722 1.146e-14 ***

Dummy[Rational_Cost] 0.622 0.068 9.090 2.2e-16 ***

Dummy[Irrational_Cost] 0.817 0.058 14.018 2.2e-16 ***

Dummy [sex] 2.053 0.174 11.772 2.2e-16 ***

Dummy [50’s] 4.739 0.541 8.752 2.2e-16 ***

LL0 2449.565

LL1 1365.922

Rho 0.442

Rho. adj 0.438
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Policy Simulation
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