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A Sequential Tourist Destination Choice Model under Time Constraints
— A Case Study of Day-Trip Visitors in Matsuyama City —
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Background 2

Hypothesis of Tourists’ Behavior

« Tourists with a fixed departure time for their return bus are mindful of the remaining time,
and make on-the-fly decisions about which facility to visit and how long to stay
at each within their limited timeframe;
« Since the places they can visit next and the time available to them
depend on how long they spend at each attraction,
they adjust their stay duration and itinerary based on their upcoming plans.

Former Approach

Considering Duration p RUM-based dynamic activity scheduling Model Habib et al.(2011)

Even if we can handle the duration of a stay, we cannot represent the subsequent chain of location choices
—that is, where to go in the future

Considering Expected Downstream Utility p» Recursive Logit Model Fosgreau et al.(2013)

When considering duration, it is necessary to decide whether to set it exogenously,
specify an average duration time, or assign a fixed value for each location.

Incorporating the recursive value derived from the RL model
into the value of the remaining time in the Habib model and express the entire model as an RL
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Habib’s RUM-based dynamic activity scheduling Model + RL Model 3
You just finished touring 1EEET:E Y . W&, EEEEY TOBMAERIEL.
Where should we go next, and how much time should we spend there? RlF, £CT, AAEWOETH?

¢ Rest of the Day (Remaining Time for Sightseein@UAER SR ERE [T E L
NOW “expected downstream utility”
every minute
. :
e N 30min at ¥ Ly €===Rest of the Day Changes = Approximate Using NN
Probabiiity | NS . Seeeee—
P30 . |{ 60min at BEEEIEEH
PDF . I 90min at B RS
f ° \ FANDIDATE
R LI ====7 Next expected downstream utility calculated recursively

60min at #3113

Probability | e e e o

NEXT CHOICE
CANDIDATE < Peo 120m|n at L‘[ﬁﬁr_‘[i]- NEXT-NEXT-...
(Place & Duration) I 30m|n at 3 1§Pﬁr_1ﬂ CHOICE
CANDIDATE
N y Next expected downstream utility calculated recursively

45min at EZE R

“‘Next expected downstream utility” —calculated recursively—
for each remaining time interval (approximated by NN)

multiplied by the PDF f yields

the current expected downstream utility for the next place

90min at Bi%BER
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Model Building & Formula

Habib’s RUM-based dynamic activity scheduling Model

p
Habib : Define time utility differences between activities

4i(tr) = o

(&

Assume a logistic distribution

j : Tourist Destination
¢ : Other Activities
H.(c) — H; (1) (1) 7 : Stay Duration at the Tourist Destination

H : Utility Derived from Activity Duration
op : Scale Parameter of the Time Utility Difference

s : Current State

Final Probability Density Function of Stay Duration

fo,j(T|S)

fj(T|S)= Z]-(s) )

4] <Tt< B](S)

\

Time Constraints

Recursive Logit Model (Fosgerau et al., 2013)

Value function

B;(s) : Upper Limit of Available Time for Tourist

Destination jin State s
d; : Minimum Stay Duration at Tourist Destination ;

(2) fo,j(z|s) : Stay Duration Distribution before Considering

LORE FC &hresy™
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Prism Constraint:

Defines the maximum feasible stay duration

at the next destination based on the remaining
Density  available time and the travel time required for

A

subsequent movements.

fi(z|s)

>
>

‘_1.[ Bij(s) Stay duration 7

Zj(s) Normalization Constant

Proposed Model

Value function

V(k) = log Z exp{v(a | k) +V(a)}
acA(k)

(3)

Bj(s)
V(i,r) = log Z exp {ui]- + 8] V(ijr—t;—1)fi(tls) dt} (4)
JjeA@r) 0 NN-based approximation

k : Current State
a : Choice
v(a|k) : Instantaneous Utility of Choosing Link a in State k

V(a) : Future Utility

i:
r:

j:

Current Location
Remaining Available Time

Choice (Next Tourist Destination to Visit)

uj Instantaneous Utility of Traveling to / Choosing Tourist Destination j

S

Discount Factor (0 < § < 1)
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Value Function Approximation Using a Neural Network (NN) 5

High Computational Cost

« The future utility V depends on the “remaining time after visiting the current destination.”
» Since the stay duration t is probabilistic based on the Habib model, the future utility ¥V must be recursively calculated for
many possible values of the “remaining time after visiting the current destination,” computational complexity will increased.

NN-based value function approximation for faster computation of expected future utility

About 20h — 2h

Prediction Accuracy Reproducibility
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About Matsuyama City

What is the feature of Matsuyama City for tourists?
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A compact tourist town
that tourists can explore in one day

« AU and B#ER are famous
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Tourism Initiatives

Pl A | e
026/6/2615%2) RETIiHR(2022FE9/ A iRE)

Renewal of jE# 5 R AfE

January 15, 2018~ July, 2024
----- under restoration; still can visit
>¢From June to July 2024 , temporarily closed

BN DTBEY (2

— 2017 Creating attractive places in advance
RETHZEROPEN to boost the appeal of tourists

An attractive destination for short visits, continuously enhanced through tourism initiatives
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Dataset Creation 7

@ -1

Generate daily movement trajectories from GPS data

Detect and correct anomalous points using adjacent-point
speeds and linear interpolation

-2

Generate stay-area polygons '
Extract the Top 30 locations based on Al-generated stay rankings

@
Extract day-trip users

Observation time in Matsuyama City = 8 hours. At least 10 observations within 30 km of Shinjuku
Station during the 15 hours before and after both the start and end of observation

©,
Define the trip duration in Matsuyama

The first continuous GPS observation within 5 km of JR Matsuyama Station is defined as the trip start time,
and the last observation as the trip end time.

@
Count stay duration

Join GPS data with stay-area polygons and identify stays of 215 minutes. GPS missing periods are treated as part of the same stay, while
temporary exits of <5 minutes are integrated into the same stay.

For GPS points outside the polygons, HDBSCAN is used to identify stays, and users with detected stays outside the polygons are excluded.

©,
Validate the reliability of stay duration

Estimate the end time of each polygon-based stay from the next GPS observation. A stay is considered low-reliability when the interval from the last

GPS observation inside the polygon to the next observation exceeds 15 minutes and the next point is more than 100m from the polygon. Users with
just one low-reliability stay are excluded (final sample: 34 users).
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Why Represent Destinations as Polygons? 8
\

Main points
* Representing destinations as polygons captures within-
destination movements, such as walking around Dogo

BO% - REDS

47

Onsen and shopping streets, as part of the same stay. B .

» Polygons help identify visit timing and stay duration from
continuous GPS trajectories and construct destination | ’
sequences.
S § i FHREHUR |

| 2 : L=< §
—;“_'—.—6:»' ¥ E:I SHELER ARRGEN
©

el ;- * Colored lines: GPS trajectories of selected travelers
: « Red polygons: Destination / e A Y =~
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Characteristics of the data 9
Destination Choice Share by Remaining Available Time Distribution of Stay Duration
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Destination choices vary with the remaining available time. Stay duration varies at the same destination.
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Original variables that we made

- Dogo_area_dummy

- Island_dummy

- History_dummy

- Onsen_dummy

- Facility _tour_dummy

- Restaurants&shops_dummy

- The_area_of polygon

- Average_google rating

- Average_google rating 3 _dummy
- Average_google rating 4 dummy
- Median_google rating

- Median_google rating 3 _dummy
- Median_google rating_ 4 dummy
- 1-Star Review Share

- 2-Star Review Share

- 3-Star Review Share

- 4-Star Review Share

- 5-Star Review Share

- Low-Rating Review Share

- High-Rating Review Share

LORE FC iz
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- Number_of instagram_posts

- Bus_station_distances

- Bus_station_within_50m_dummy

- Bus_station_within_100m_dummy

- Bus_station_within_300m_dummy

- Railway_station_distances

- Railway_station_within_50m_dummy

- Railway_station_within_100m_dummy

- Railway_station_within_300m_dummy

- Number_of restaurants (inside polygon)
- Number_of cafes (inside polygon)

- Number_of shops (inside polygon)

- Number_of restaurants&shops (inside polygon)
- Number_of restaurants per ha

- Number_of cafes per ha

- Number_of shops per ha

- Number_of restaurants&shops per ha
- Ticket Price

- Travel Time

= Multi-Function Facility Dummy (=3)
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Estimation Results 1

Variable Estimat t
e
Discrete
Travel Time -0.148 -1.58
Onsen_dummy -0.320 -1.57
Restaurants&shops_dummy 0.580 2.41%
Low-Rating Review Share -0.151 -2.10*
Number_of_instagram_posts 0.129 1.49
Continuous
Ticket Price 3.600 7.16*
Dogo_area_dummy 0.022 0.10
Facility_tour_dummy 1.368 3.84*
Number_of restaurants&shops_ 0.073 0.53
per_ha
Alpha_activity 0.030 0.63
Alpha_c 0.697 12.92*
Rho_dc 0.788 16.14*
Sample number 193
Likelihood ratio p2 -1611.4257
Adjusted likelihood ratio p- -1508.95423

https://script.google.com/macros/s/AKfycbowpGCg7DNJ6lyrdW 1Dl I (m)lal: I: » Iu?forregilieni
Q5VCYKUONGNPozCBtyVVO hZ72- - - » &future city
n3QpSMDoSXMIgZriCYSDZ-Q/exec 11

The estimated coefficient has an unexpected sign

Many of the t-values are not statistically significant

‘I
=

l

*indicates significance at the 5% level.
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https://script.google.com/macros/s/AKfycbwpGCg7DNJ6lyrdW1DIQ5VCYKUOnGNPozCBtyVVO_hZ72-n3QpSMDoSXMlqZriCYSDZ-Q/exec
https://script.google.com/macros/s/AKfycbwpGCg7DNJ6lyrdW1DIQ5VCYKUOnGNPozCBtyVVO_hZ72-n3QpSMDoSXMlqZriCYSDZ-Q/exec
https://script.google.com/macros/s/AKfycbwpGCg7DNJ6lyrdW1DIQ5VCYKUOnGNPozCBtyVVO_hZ72-n3QpSMDoSXMlqZriCYSDZ-Q/exec
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Estimation Results 2

Variable Estimate t
Discrete
Travel Time -0.123 -1.21
Onsen_dummy 0.046 0.22
Restaurants&shops_dummy 0.384 1.76
Number_of_instagram_posts 0.058 0.71
Continuous
Ticket Price 3.258 5.95*
Dogo_area_dummy 0.880 2.92*
Facility_tour_dummy 1.749 4.22*
Number_of_instagram_posts -0.773 -4.34*
Number_of restaurants&shops 0.435 2.37*
_per_ha
Alpha_activity 0.067 0.99
Alpha_c 0.060 11.18*
Rho_dc 0.046 17.45*
Sample number 193
Likelihood ratio p2 -1611.4257
Adjusted likelihood ratio p: -1502.519

*indicates significance at the 5% level.

https://script.google.com/macros/s/AKfycbowpGCg7DNJ6lyrdW 1Dl I (m)lal: I: » Iu?forregilieni
Q5VCYKUONGNPozCBtyVVO hZ72- - - » &future city

n3QpSMDoSXMIgZriCYSDZ-Q/exec 12

Interpretation

Destinations are more likely to be chosen if they have:
« Shorter travel time

* Hot spring facility

« Both dining and shopping opportunities

* More Instagram posts

Interesting findings

Although the number of instagram posts influences the choices
of destination, it does not lead to longer stay duration.

The best model
that satisfies both a 5% significance level and sign consistency


https://script.google.com/macros/s/AKfycbwpGCg7DNJ6lyrdW1DIQ5VCYKUOnGNPozCBtyVVO_hZ72-n3QpSMDoSXMlqZriCYSDZ-Q/exec
https://script.google.com/macros/s/AKfycbwpGCg7DNJ6lyrdW1DIQ5VCYKUOnGNPozCBtyVVO_hZ72-n3QpSMDoSXMlqZriCYSDZ-Q/exec
https://script.google.com/macros/s/AKfycbwpGCg7DNJ6lyrdW1DIQ5VCYKUOnGNPozCBtyVVO_hZ72-n3QpSMDoSXMlqZriCYSDZ-Q/exec
https://script.google.com/macros/s/AKfycbwpGCg7DNJ6lyrdW1DIQ5VCYKUOnGNPozCBtyVVO_hZ72-n3QpSMDoSXMlqZriCYSDZ-Q/exec
https://script.google.com/macros/s/AKfycbwpGCg7DNJ6lyrdW1DIQ5VCYKUOnGNPozCBtyVVO_hZ72-n3QpSMDoSXMlqZriCYSDZ-Q/exec
https://script.google.com/macros/s/AKfycbwpGCg7DNJ6lyrdW1DIQ5VCYKUOnGNPozCBtyVVO_hZ72-n3QpSMDoSXMlqZriCYSDZ-Q/exec
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Model Evaluation

Fix the 12 parameters in Habib+RL model and compare with model without future utility in RL

Final Log-Likelihood with Fixed Parameters Average Probability Assigned to the Real Chosen Alternatives

—1561.23 —1502.52 9.59% 12.31%

)
Individual Daily Likelihood Improved: +2'72pt <abOUt+28A))

Improved 27 out of 34 individuals (79.4%
+ 58'7 1 ( 6) Improved Probability Allocation to the Real Chosen Alternatives
Examples : Average Choice Probability in Chosen Situations _ _ .
Habib Habib+RL Explanation
BHRNMHTEY I 5.49% RL relatively increases the choice
e 15.90% probability of destinations with greater
) subsequent sightseeing opportunities
B0~ 7 5~ I m— we e SgTeeeins opp
I 14%
It allows the model to reflect the
L T ER I 4.43% @ connectivity of subsequent activities
I 9.13% starting from the current destination.

Considering future utility improves the explanatory power of the observed daily travel behavior.
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Scenario Analysis: Comparison of Representative Routes and Time Allocation 14

Baseline

Number of Users

Expeﬁ%ﬁﬂyDaily on Representative  Total Travel Time TS&?LS},?
Routes

About About

9.449 29/34users 109mi i

. min 483min
(85%)

Representative Route (Conditional Stay Duration in Minutes)
START
v
iﬁfﬁzl\'fﬁziﬁU (68)
*’Rm_ﬂ?@ (56)
who—77 :v—ﬁﬁréﬁi (59)
kfﬁiﬁﬁrgfﬁ (58)
#ﬂmﬁﬂfvﬁi (52)
iﬁ?&iﬂizv:ﬁﬁ (51)
RETER ~v1‘E0)5% (51)
*ﬂllliﬁiv (36)
TEWT:‘@'U (29)
LR (22)
v
END

IF NO &R R4 EE

Expeﬁ%ﬁﬂyDa“y 0'}‘,”&%?;{;#22% Total Travel Time TS&?'afiE?qy
outes
9.229 About o
17/34|:sers 116min B
A —0.220 (50%)
START
h 4
W15 78Y (69)
7F’J.kll.l'ria'Eﬁ (59)
whha—7"r ::v—ﬁﬁl?ﬁ%i (61)
kﬁiﬁﬁﬁfé?ﬁ (60) (T
ERRAE
HLIBXE (50 Y

ﬁkllliﬁﬁv(SO)
?EWTEEVU (42)
RETER -viféa)i% 37
iﬁ%v (32)
HhLER (19)
v
END

Main Alternative Destinations : #31Lis ~ M ILERKET ~ 3 LER

IF NO REThi5R - HBDS

Number of Users

Expeﬁ%ﬁﬂyDa"y on Resresentative Total Travel Time TSE‘;‘LE&?
outes
9.273 About About
25/34users 121min A790min
A —0.175 (74%)
START
h 4

BEN N 215 Y (69)
muﬁ.@ (58)
mmu—7°-71v—?;ﬁr§%ii (60)
;k%iiiﬁﬁﬁrgﬁi (59)
ﬁtmﬁﬂfvﬁi (53)
ﬁ}d.liﬁiv (50)
ﬁi&iﬂifﬁﬁ (45)
LEHTE vU (34)

iﬁwtw;%s;v—:)TA (31)
MWLER (19)
YV
END

Main Alternative Destinations : FEEEEY / il # L TER

- Dogo Onsen, Asuka-no-Yu, and Tsubaki-no-Yu (E#iBR - METHER - BEDH) all increase the expected utility of the entire day
* Excluding Dogo Onsen Honkan (J8#iRR4<EE) leads to the largest decrease in utility.
+ Demand is not simply substituted to other hot springs, but is broadly redistributed toward Matsuyama Castle and the city center

(Rilidk - HRoCThitTit )

14
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l[and more:--] Visualize the results of our collaborative estimation 15

Every team member estimates on their own PCs = We made a platform to gather & compare outputs

Matsuyama Parameter Log Viewer ==oz

®
dh Upload
) . — . Visualization
ah @ A 7
® .
dh J Apps Script made by ChatGPT
A
I
I
I

mmmmmmmmmmmmmmm

The Auxiliary Role
of Estimation

challenge2 result-14

3013.429 3061.379 2h535min 048  odde  3040.801

aaaaa

nnnnn

https://script.google.com/macros/s/AKfycbwpGCg7 : ::i::’w
DNJ6lyrdW1DIQSVCYKUONGNPozCBtyVVO_hZ7
2-n3QpSMDoSXMIgZriCYSDZ-Q/exec

,,,,,
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https://script.google.com/macros/s/AKfycbwpGCg7DNJ6lyrdW1DIQ5VCYKUOnGNPozCBtyVVO_hZ72-n3QpSMDoSXMlqZriCYSDZ-Q/exec
https://script.google.com/macros/s/AKfycbwpGCg7DNJ6lyrdW1DIQ5VCYKUOnGNPozCBtyVVO_hZ72-n3QpSMDoSXMlqZriCYSDZ-Q/exec
https://script.google.com/macros/s/AKfycbwpGCg7DNJ6lyrdW1DIQ5VCYKUOnGNPozCBtyVVO_hZ72-n3QpSMDoSXMlqZriCYSDZ-Q/exec
https://script.google.com/macros/s/AKfycbwpGCg7DNJ6lyrdW1DIQ5VCYKUOnGNPozCBtyVVO_hZ72-n3QpSMDoSXMlqZriCYSDZ-Q/exec
https://script.google.com/macros/s/AKfycbwpGCg7DNJ6lyrdW1DIQ5VCYKUOnGNPozCBtyVVO_hZ72-n3QpSMDoSXMlqZriCYSDZ-Q/exec
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Scenario Analysis: Comparison of Representative Routes and Time Allocation 16

Baseline

Number of Users

Expeﬁ%ﬁﬂyDaily on Representative  Total Travel Time TS&?LS},?
Routes

About About

9.449 29/34users 109mi i

. min 483min
(85%)

Representative Route (Conditional Stay Duration in Minutes)
START
v
iﬁfﬁzl\'fﬁziﬁU (68)
*’Rm_ﬂ?@ (56)
who—77 :v—ﬁﬁréﬁi (59)
kfﬁiﬁﬁrgfﬁ (58)
#ﬂmﬁﬂfvﬁi (52)
iﬁ?&iﬂizv:ﬁﬁ (51)
RETER ~v1‘E0)5% (51)
*ﬂllliﬁiv (36)
TEWT:‘@'U (29)
LR (22)
v
END

IF NO &R R4 EE

Expeﬁ%ﬁﬂyDa“y 0'}‘,”&%?;{;#22% Total Travel Time TS&?'afiE?qy
outes
9.229 About o
17/34|:sers 116min B
A —0.220 (50%)
START
h 4
W15 78Y (69)
7F’J.kll.l'ria'Eﬁ (59)
whha—7"r ::v—ﬁﬁl?ﬁ%i (61)
kﬁiﬁﬁﬁfé?ﬁ (60) (T
ERRAE
HLIBXE (50 Y

ﬁkllliﬁﬁv(SO)
?EWTEEVU (42)
RETER -viféa)i% 37
iﬁ%v (32)
HhLER (19)
v
END

Main Alternative Destinations : #31Lis ~ M ILERKET ~ 3 LER

IF NO REThi5R - HBDS

Number of Users

Expeﬁ%ﬁﬂyDa"y on Resresentative Total Travel Time TSE‘;‘LE&?
outes
9.273 About About
25/34users 121min A790min
A —0.175 (74%)
START
h 4

BEN N 215 Y (69)
muﬁ.@ (58)
mmu—7°-71v—?;ﬁr§%ii (60)
;k%iiiﬁﬁﬁrgﬁi (59)
ﬁtmﬁﬂfvﬁi (53)
ﬁ}d.liﬁiv (50)
ﬁi&iﬂifﬁﬁ (45)
LEHTE vU (34)

iﬁwtw;%s;v—:)TA (31)
MWLER (19)
YV
END

Main Alternative Destinations : FEEEEY / il # L TER

- Dogo Onsen, Asuka-no-Yu, and Tsubaki-no-Yu (E#iBR - METHER - BEDH) all increase the expected utility of the entire day
* Excluding Dogo Onsen Honkan (J8#iRR4<EE) leads to the largest decrease in utility.
+ Demand is not simply substituted to other hot springs, but is broadly redistributed toward Matsuyama Castle and the city center

(Rilidk - HRoCThitTit )
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Habib+RLD12/87 X =2 ZWETIVICEE L, RLOFRMAOEE LR

EE/NT A — X TORBWHILE

Z# Habib Habib-+RL
—1561.23 —1502.52
BEARDIALEHRE

+58.71 u= 34 N2 A (79.4%)

Rl @ ERICEIENT-I5E TOFIEIRESR X% Habib

EENAHTEY [ ] 5.49%
]

wha—7" « —FEE [ ] 4.79%
]

WML T ER [ ] 4.43%
]

‘ 27/34 = 79.4% LORE FC lebforresiient

» &future city
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KRISE I N BIRE A~ O FIRER

=% Habib Habib+RL

9.59% 12.31%
+2.72pt ($9+28%)

ERISEEN BRI~ ORI S HAE

Habib+RL
ERDARIR
15.90% ® RLiZ [ZDROBERES| AR WHIEE
MAREICIL LT3
9.74%
o FENBMMERS L LI EHTHO K

FRBzERT DL, BASNLIBITEOHANH R L
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FUFHR KRNV — b LB EFREIDLEER 19
' ERBRALES L 1 RETER - BOBLE L

IHOBENE  REL— AN RBBES MIERSR IEOBHENA  REL—FAR RBEER SRIERSR IEOBENA REL— AR RBEERE BN
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