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ABSTRACT

An important task of any municipality is the maintenance and improvement of the street-related living environment and traffic
safety for citizens. For this, their department of street maintenance is expected to efficiently perform the maintenance and
inspection of streets according to priority with limited human and budgetary resources. Recently, municipalities in various
countries are adopting “the citizen report system,” which is a system of reporting problems of streets, such as damaged streets, by
citizens to their municipality, for citizens to perform part of street maintenance and inspection. It is possible that the data obtained
by municipalities through the citizen report system can be utilized not only for early problem detection but also for prioritizing
administrative measures by using it for analyzing the occurrence trend of problems. Problems reported by citizens, however,
are classified by different methods from municipality to municipality, and thus the collection and comparative analysis of such
data across municipalities is difficult. This study presents a method of commonly classifying such data, regardless of different
classification standards, by analyzing the contents of citizen reports by using text mining. We then analyze the relationship
between the trend of citizen reports and the occurrence trend of problems concerning the living environment and traffic safety,
using the citizen report data of three large municipalities classified by this method, and infer the occurrence trend of problems.
This study has confirmed that citizen report data possibly contributes to municipalities’ prioritization of the maintenance and
improvement of the living environment and traffic safety.
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1. INTRODUCTION

In recent years, the environment for municipality administra-
tion is becoming severe more and more. While the finance of
municipalities is becoming tight as a result of decreasing tax
revenue and increasing cost of social security arising from
an aging population, a declining birthrate and a decreasing
working-age population, the shortage of local administrative
officers is becoming serious. Thus, municipalities are ex-

pected to solve local problems according to priority with lim-
ited human and budgetary resources.!!! One of the main tasks
of any municipality is the maintenance and improvement of
the street-related living environment and traffic safety for
their citizens. Especially, their department in charge of street
maintenance is expected to efficiently perform the mainte-
nance and inspection of streets according to priority.[?!

One of the measures for this problem is a system in which
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citizens report to their municipality problems such as street
damage through their mobile phone applications (hereafter
called “the citizen report system”), and it is rapidly adopted
by municipalities in various countries around the world.

The introduction of the citizen report system allows citi-
zens to easily access their municipality for quickly solving
various problems. It is also expected that substituting the
citizen report system for detecting street problems, which
has been conventionally done by municipalities, allows them
to efficiently operate their inspection of streets. In addition
to this direct advantage, analyzing the occurrence trend of
problems in the living environment and traffic safety using
citizen report data provided by the citizen report system has
a possibility of providing knowledge useful for prioritizing
administrative measures. The reported problems, however,
are classified in different methods among municipalities, it
is difficult to collect and comparatively analyze such data

Table 1. Examples of the citizen report system

across municipalities. In this study, we propose a method
of commonly classifying citizen report data by analyzing
the data by using a text mining method. Then, using the
citizen report data classified by this method of three large
cities, Sagamihara City, Chiba City and Hamamatsu City, we
analyze the relationship between the trend of citizen reports
and the occurrence trend of problems concerning the living
environment and traffic safety and infer the occurrence trend
of problems.

2. SIGNIFICANCE OF CITIZEN REPORTS

2.1 Streamlining the maintenance and inspection of
streets by the citizen report system

The first citizen report system is FixMyStreet of the United

Kingdom, whose service began in 2012, and since then sim-

ilar systems have been introduced in various countries, as

shown in Table 1.

Japan Other countries

MyCityReport FixMyStreet Japan Original Systems FixMyStreet SeeClickFix
Chiba City Handa C?ty Otsu C_ity _ United Kingdom Oak_land_(US)
Muroran City* Beppu City _ Sagamihara Cl_ty Norway Callfo_rnla(US)
Numazu City* Korlyam_a City Harr?amat_su City Canada Detroit(US)
Hirosaki City* Ikoma City Ashiya City NewZealand Meatuses(US)
Adachi Ward* Ilwaki City Kusatsu City Brussel (Belgium) Connecticut(US)

. Kumagaya City Izumisano City Zurich (Switzland) Sonora(Mexico)
Sumida Ward* . .

+11 Cities and more +10 Cities and more etc. etc.

*Under verification test

Citizen reports have contributed mainly to the streamlining
of the maintenance and inspection of roads by municipali-
ties. In Sagamihara City, for example, they could reduce the
frequency of patrol for road inspection after the introduction
of a citizen report system to less than half that before the
introduction, as shown in Figure 1.

The introduction of the citizen report system does not substi-
tute all maintenance and inspection operations. Chiba City,
for example, has pointed out that their citizen report system
does not fully cope with damage of major roads.[*! Therefore,
while inspection patrol for major roads should be done by
the municipality as before, the citizen report system is to be
used mainly for minor roads, for which thorough inspection
by the municipality is difficult.

In this case, it becomes necessary to determine in which
areas minor roads should be inspected by the municipality

and for which areas the citizen report system should be used.
It seems possible to prioritize such inspections more properly
by analyzing citizen report data, as shown in Figure 2.

Introduction of Citizen Report W

W s A

Figure 1. Composition of reporters in Sagamihara City
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Before the mtroduction After the introduction

Patrol by the
municipality or
contractors

* Check and find
problems on all
roads

Patrol by the
municipality or
contractors

* Prioritize road mamtenance
nspections

» Major road — no change

» Minor road — Prioritize for
the prevention of accident

Target of this
study

* Find problems by residents

| *» Utilize citizen report data

Figure 2. Significance of utilizing citizen report data to prioritize road maintenance and inspection

2.2 Previous Research on Citizen Report

Since FixMyStreet in UK has launched its service in 2012
as the forerunner, the challenge has been noted from the
beginning as an innovative attempt to redefine the relation-
ship between citizens and municipalities.! Over the years,
various studies have been conducted to examine the signifi-
cance of this approach, social functions, and proposals for
new uses.!>® Recently, research has also been conducted to
position the role of finding problems by citizens as a type
of sensor and to try to explain its social significance.!”! In
Japan, also, various considerations have been made regarding
the mechanism, social significance, etc., of the citizen report
system, mainly by organizations and stakeholders related to
the operation of the citizen report.[®*]

In analyses using the data of citizen report, there have been
studies that analyzed the tendency of the number of regis-
trants and used the data in workshops to analyze differences
in the problem recognition of inhabitants.!'> ") Moreover,
although it did not deal with citizen report, there was a study
that tried to classify the data of residents’ comments using
machine learning as a related example.!?!

2.3 Subject of previous research
Previous studies had the following issues.

First, as described in 2.2, studies were conducted to eluci-
date the mechanism and significance of citizen report and
to evaluate its achievements. On the other hand, none of
the research analyzed the content of the citizen report for
understanding regional issues. The content of regional is-
sues can be understood only through a category set by the
municipality as the service operator.

Second, in order to extract and classify local problems from
citizen report, text mining can be an effective alternative to
analyzing the report content.!!3!*! However, no studies have
applied this method to citizen report.

Published by Sciedu Press

The significance of this study is to clarify the structure of
regional issues by analyzing citizen report using text mining.

3. CONSTRUCTION OF A METHOD OF CLAS-
SIFYING CITIZEN REPORTS

3.1 Data and programming environment used in this
study

As shown in Table 2, the methods of classifying categories

are different and inconsistent among municipalities. Some

citizen report systems such as those specialized for roads do

not set any categories from the beginning.

Among the municipalities, the citizen report system of Chiba
City does not have smaller categories than “Roads” for road-
related problems. Thus, while it is not possible to classify
and grasp concrete local problems, the range of citizen report
is not limited, and no category is set based on the contents
of problems. It is likely, as a result, that the contents of
citizen reports are not much biased by classification by the
municipality and strongly reflect the subjective recognition
of problems by citizens.

Therefore, we reclassify the citizen reports of Chiba City in
a way suitable for the characters of the problems by apply-
ing text mining to the titles and contents of the reports and
examine if the classification method can be applied to other
municipalities.

In this study, we use 4,574 citizen reports of Chiba City cov-
ering from August 2014, when the operation of their citizen
report system started, until March 2018.1'3!

To conduct the analysis for the text separation in 3.3.1 and
the dependency analysis in 3.3.2, we use Text Mining Studio
ver. 6.0.3. As for the other parts, any other processes such
as the experiments in 3.4 and 3.5 were performed manually
while only using the Excel function because the rules were
very simple.
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Table 2. Examples of categories of citizen report

Chiba-

City Koriyama-City Handa-City Sendai-City  United Kingdom
Road Road Problem of Water Channel  Road Abandoned vehicles  Road traffic signs
Park River Problem of Weed Gutter Bus stops Roads/highways
Garbage Park Problem of Traffic Safety =~ Guardrail Car parking Rubbish(refuse and recycling)
Others Security Light Problem of Park Curve-mirror  Dog fouling Street cleaning
Garbage Problem of Public Facility  Street Light Flyposting Street lighting
Public Facility Flytipping Street nameplates
Other Graffiti Traffic lights
Parks/landscapes Trees
Pavements/footpaths ~ Other
Potholes
Public toilets

3.2 Text mining

Text mining is a method to extract useful information by
analyzing the appearance frequency, modification structure,
co-occurrence relation, etc.'#! In text mining, sentences
are divided into morphemes, which are the smallest unit
having meaning, and natural language processing such as
morphological analysis is performed to identify the word
class, etc.[> 11 Although there are various previous studies
about classification using text mining,!'”-13! there is no exam-
ple of an application to citizen report, so this study constructs
a new method to classify problems.

3.3 Classification using modification structure
The following steps were implemented to ensure appropri-
ate problem classification in an objective and reproducible
manner according to the content of citizen report:

3.3.1 Dependency analysis
Analysis of dependency was conducted as follows.

(1) Words are segmented, and “headword,” that is the
meaningful word for a sentence, is extracted from a
morpheme or combined words.

(2) Headword is transformed into "replaced word" that is
the original form before declension.

(3) A combination of words in which "replaced words"
are in a dependency relationship in one sentence is
extracted.

3.3.2 Grouping using modification structure

When multiple clauses are related as “subject and predicate
or “modifier and modified word” in one sentence, the combi-
nation of clauses is said to be in a dependency relationship.
For example, in the sentence “The street light goes out.”, the
subject “light” and the predicate “go out” are in a dependency
relationship. In this study, the subject or modifier “light” is
called as “modifying part” and the predicate or modified
word “go out” is called as the “modified part.”

4

29

Words having the same modified phrases such as “go out”
were regarded as synonymous when classifying words such
as “electric lamp” and “street lamp” as shown in Figure 3.
These were classified into the same group.

< Modifying Part™>

< Modified Part >

T

[l

‘
»/ Grouping

Figure 3. Grouping using modification structure

However, in order to exclude combinations of dependencies
that are not useful for grouping, only combinations of the
706 cases that correspond to the following conditions are
extracted:

(1) A combination of “noun-verb” or “noun of irregular
conjugation of the line of ‘sa’”
(2) A combination of two or more occurrences

3.3.3 Removal of expressions in which problems are not
identifiable

In addition, combinations of the following expressions that

are not useful for meaningful classification were excluded:

(1) Expressions that do not lead to the identification of the
problem (e.g., rainfall, photograph-take, people-pass)
(2) Supplementary expression (e.g., do, please, think)
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As a result, 397 combinations of dependencies were ex-
tracted. This included 32 modified words as shown in Figure
4 (hereafter, this group of words are called the “first group”).

3.3.4 Create categories

In order to consolidate the first group into a smaller number
of categories, modified words that have the same modifying
word were classified into a group. When creating groups
by modifying words that have two modified words, groups
were formed that were considered to be well representative
of the characteristics of local problems (hereafter, this group

of modifying words are called the “second group”). When
grouping words that have three or more modified words, use-
ful groups were not formed because the generality of the
meaning of the words became too strong. Finally, as a result
of organizing the second group according to the dependency
relationship, seven categories were derived.

Figure 4 shows the classification results. The categories are
named based on their meanings: lamp breaks, road damage,
facility defects, abandoned objects, overgrowth, clogging
and invisibilities.
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Figure 4. Category of citizen report built using the commonality of modified word

3.4 Set automatic classification rules

The category derivation in Chapter 3.3 was performed manu-
ally according to the procedure shown in the same chapter.
Once categories are created, individual reports can be auto-
matically classified according to the following procedure.

(1) When a modified word, modifying word, or synonym
thereof belonged to a category included in a report, it
will be classified into that category.

(2) If areport includes words belonging to multiple cate-
gories (e.g. in case a report includes multiple requests),
it will be classified according to the following rules:

* Prioritize conformance to “theme” over confor-
mance to “content”
Like many other citizen reports, citizen report
of Chiba City has two fields to fill in with text:
theme and content. A reporter will fill in the
theme field with the theme of the entire report,
and the content field with the details of the prob-
lem such as how the road surface is damaged.If
a word contained in a “theme” item and a word
contained in a “content” item are classified in

Published by Sciedu Press

different categories, the priority is given to the
category contained in “theme.”

* Prioritize the word that appeared earlier
If there are multiple words that belong to differ-
ent categories in the “content” item in the same
report, the word that appears first takes prece-
dence.

(3) By processing the above steps, any report can be clas-
sified into a category automatically except when no
word in a report is included in the category classifi-
cation criteria or when a report is excluded because a
particular reporter posts many reports repeatedly for
the same issue and overlapping parts are removed as
noise (hereinafter referred to as an “error”). In addi-
tion, the error ratio is limited to 12.4% (62 cases of
500 sample data mentioned later).

3.5 Verification of automatic classification rule

In order to verify the validity of the automatic classification
rule constructed in 3.4, 500 cases were extracted from the
oldest order, and the difference between the correct answer

5
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data classified manually based on the categories in Figure 4
and the result of the automatic classification rules was veri-
fied. Consequently, the difference in the composition ratio
of each category after error elimination was less than 5%, as
shown in Figure 5.

Each Varnence is Under 5%
100%
A2?
90% —frmor=== -
80% 0.4¢
704 +0.4% mLamp Breaks
60 el e ®Road Damage
5] +4.1% ® Facility Defects
. | Abandoned Objects
40% 96% +2.391 1104 Overgrowth
30% —fro===-- - Clogging
B 0
20% 139 A24% 17.3% Invisibilities
10% 10.0% -1-0"81{ = 93%
o 43% [ATENT 29%

Rulk Execution~——TCorrect-Answ er

Figure 5. Verification result of automatic classification rule
From the above result, the automatic classification rule of

section 3.4 was verified to be suitable for appropriately clas-
sifying citizen report.

- Hamamatsu City

3.6 Verification of applicability to other municipalities

We now verify 1) if the automatic classification rule of 3.4
is applicable to other municipalities and 2) if its result devi-
ates from the result of classification done by the reporters
themselves. For the verification, we use 1,434 citizen reports
of Hamamatsu City starting from April 2015 until April
2019.1"1 This is because in the citizen reports of the city
the reporters themselves classify their reports and enter their
contents and thus the data is suitable for the verification.

We first applied the automatic classification rule of 3.4 to the
citizen report data of Hamamatsu City and classified it into
the categories of Figure 4. We then created a mapping table
relating the original categories of Hamamatsu City with the
categories of Figure 4 and manually converted the classifi-
cation done by the reporters themselves of Hamamatsu City
into the classification of Figure 4. Finally, we examined the
difference between the classification done by the reporters
and the classification derived by applying the automatic clas-
sification rule. Figure 6 shows this process.

As aresult, as shown in Figure 7, the difference after remov-
ing errors in the composition percentage of each correspond-
ing category between before and after the operation was less
than 5%.

guardrail fallen tree / object
=1 traffic mirror  road lighting

River paving

flooding rock fall, landslide

lateral groove

Classification by

reporter
. Automatic Automatic M -
clagdfication rule classification rule ARPLLE
“mm_ Application INYIAN
Lamp breaks Lamyp breaks Lamp breaks
Road damage Road damage Roaddamage

Facility defects
Abandoned objects

Facility defects
Abandoned objects

Overgrowth Overgrowth
Clogging Clogging
Invisibilities Tnvisibilities

Facility defects
Abandoned obj ects
Overgrowth
Clogging
Invisibilities

Figure 6. Application of the automatic classification rule to another city’s citizen report classification

Thus, it was confirmed that 1) the automatic classification
rule of 3.4 was applicable to data of other municipalities and
2) the result of the classification did not deviate from the
classification done by the reporters themselves.

Therefore, it has been shown that it is possible to classify
citizen report data of different municipalities with a common
method, to collect data for each problem category and to

6

analyze the data comparatively among the municipalities.
Figure 8 shows the problem compositions, after removing
errors, of the citizen reports of the three cities studied in
this study obtained by the classification described above. It
visualizes the difference of the problem compositions among
the municipalities, which could not be compared before.
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» Each variance is under 5%
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100%
90%
80% B Lamp Breaks
0% = Road Damage
60% B Facility Defects
50% Abandoned Objects
40% | Overgrowth
= T 8.4% Cloggi
30% 7.6% E8IE
Invisibilities
20% A1.6% 19.0%
20.5% 2 Others
10%
8.4% SHbD
0% . 1.9%

Automatic classification Mapping by hand

Figure 7. Result of applying the automatic classification
rule

As aresult of the above verification, we now call the problem
categories derived from the automatic classification rule of
3.4, or lamp breaks, road damage, facility defects, abandoned
objects, overgrowth, clogging and invisibilities, by the name
“common categories.”

70%
60%
30%
33%

10.4%
20% 73%
15.9%

0% §dd2
Chiba City

mLamp Breaks
= Road Damage
m Fadlity Defects
s Overgrowth
Clogging
Abandoned Objects
Invisibihities

Others

54%
3.8%
5.3%
0.9%
Sagamihara City

03%

35%

0.7%
Hamamata City

Figure 8. Difference in the problem composition of the
citizen report systems among 3 cities

4. ANALYSIS OF THE RELATION BETWEEN
CITIZEN REPORTS AND CITIZENS’

AWARENESS
Through the citizen report system, many municipalities ac-
cept not only problems of road damage, for which the system
was originally introduced, but also other problems included
in the common categories. Consequently, it is expected for
citizens that the use of the citizen report system leads to a
quick detection and solving of a variety of problems related
to the living environment and traffic safety in their area. On
the other hand, if the municipality can grasp through the sys-
tem the characteristics of the occurrence trend of problems

Published by Sciedu Press

in the area, they can possibly utilize the obtained data, for
example, for prioritizing their measures. Especially in the
areas experiencing large changes in population composition,
such knowledge seems useful for quickly and flexibly taking
measures against problems.

We thus examine in this chapter if the influence of population
increase or decrease on the state of local living environment
and traffic safety is reflected in the rate of citizen reporting of
problems about the living environment and traffic safety. If
it is verified, we confirm that citizen reports reflect the recog-
nition of problems in the common categories by citizens. In
addition, it would be possible to presume problems of the
living environment and traffic safety from citizen reports.

It is noted that the municipalities studied here are Sagamihara
City, Chiba City and Hamamatsu City. These cities have the
following common characteristics and thus seem suitable for
data collection and comparative analysis.[!3-19-20]

* Has a population of similar size (all are large cities
having a population of 730 to 970 thousand).

* Has the same legal authority and duty as an ordinance-
designated city (a basic municipality of the largest
class).

* Has been using a citizen report system for more than
four years as an established system.

All the above cities have an accumulated total number of cit-
izen reports of more than 1,000, which is among the largest
in Japan.

4.1 Analysis of the influence of change in population
composition: hypothesizing

The rate of population change is the sum of the rate of natural
population change and the rate of social population change,
which have different factors of change and different influ-
ences on citizens./?!! The rate of natural population change
is the difference between the birth rate and the death rate. If
needs for an improved child-rearing environment increase in
an area with many births, the number of citizen reports should
increase in many problem categories, since the child-rearing
environment is related to the general living environment. In
addition, the rate of social population change is the difference
between the rate of moving-in and the rate of moving-out.
In an area with many moving-in citizens, the traffic of vehi-
cles increases, and therefore the number of citizen reports
about unsafe roads should increase. These relations can be
summarized as hypotheses given in Figure 9.
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Natural population change rate

improving the living environment related to child rearing, and

hypothesis(1) : Living environment problems
The higher the birth rate, the higher the expectation for

the higher the related citizen report rate

(Birth rate - Mortality rate)
Population
change rate

Effect

Social population change rate
(Move-in rate - Move-out rate)

\

places due fo the increase in traffic, and the higher the related

Hypothesis(2) : Traffic safety problems
The higher the inflow rate of population, the more dangerous

citizen report rate

Figure 9. Hypotheses on the effect of population change on citizen reports

4.2 Analysis of the influence of natural population
change on the recognition of problems in the living
environment

While problems in the living environment are classified into

all the common categories, the categories of those directly

influenced by population change seem to be lamp breaks,

Natural population
change

facility defects, clogging, neglected objects and invisibilities,
as shown in Figure 10 (all together called “living environ-
ment problems” hereafter). This is because the problems
of road damage and overgrowth are not directly affected by
population change.

Problem classification of citizen report

Problem

Natural population
change rate
(Birth rate - Mortality
rate)

2 4

classification

Outline

Lamp Breaks

Street lamp out, etc.

Facility Defects

Guardrail breakage, efc.

Clogging

Clogging or damage of gutter or

catch bagin, etc.

Abandoned objects

leaving garbage, efc.

Invisibilities

Insufficient of curve mirror, etc.

Road Damage

Cracks, cave-in of road swmface, etc.

Overgrowth

Street trees and weeds, etc.

Living environment
problems

Figure 10. Problem classification related to the living environment

If this hypothesis is correct, the rate of natural population
change has a positive correlation with the rate of citizen
reporting of living environment problems (a rate per unit
population, hereafter called “the citizen report rate”).

Correlation
coefficient
Lamp Breaks 0.41
Facility Defects 0.48 o .

: = Living environment
Clogging 0.55 problems
Abandoned Objects 0.44
Invisibilities 0.44
Road Damage 0.26
Overgrowth 0.07
Total -0.03

* xp<.01, % p<.05

Figure 11. Correlation coefficient between the citizen report
rate and the rate of natural population change in each
problem category

8

We calculated the rate of natural population change and the
citizen report rate for each problem category for each of the
16 administrative districts composing the three cities and
obtained the correlation coefficient between the two in each
category, as shown in Figure 11. The rate of natural popu-
lation change had a positive correlation coefficient with the
citizen report rate of living environment problems in every
category. On the other hand, it had no correlation with the
citizen report rate in other problem categories.

If the correlation described above exists, it then seems pos-
sible to estimate the occurrence rate of living environment
problems from the rate of natural population change. We
thus carried out the simple regression analysis using the sum
of the citizen report rates of living environment problems
as the dependent variable and the rate of natural population
change as the independent variable as shown in Table 3 and
derived the regression equation shown in Figure 12.
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Regrezzion Satisrics

Multipl=R 0510771072

(1) y=17.88+1410.59x

y=Citizen report rate (living environment related)
x=Natural population rate

R Syuers 0. 26088 TORR

AdjpstedR Syuere

Fazaszion
Fazsdusl
Totsl

Lower03 54 Upperdiss
Intercept 11.41288348 2434456723
Rainfall 40 61550830 2TT1.57042

Figure 12. Results of simple regression analysis between the natural population change rate and the total value of citizen
report rates for living environment problems

This result shows that the rate of natural population change
positively influences the citizen report rate of living environ-

Table 3. Variables for the regression in Figurel2

Citizen report rate

ment problems. Districts (Living environment Natural popula-
tion change rate
related)
Chuo Ward 39.78 -4.89E-05
Hanamigawa Ward ~ 12.70 -1.42E-03
Chiba City Inage Ward 19.33 -4.12E-04
4.3 Analysis of the influence of the rate of social popula- Wakaba Ward 8.12 -3.58E-03
. o Midori Ward 34.70 9.85E-04
ion chan n the r nition of traffic saf rob-
tion change on the recognition of traffic safety prob Mihama Ward 3220 8.98E-04
lems Naka Ward 8.00 -2.54E-03
Higashi Ward 7.58 -5.72E-04
_— ) L Nishi Ward 5.42 -3.51E-03
As shown in Figure 13, among the common classification, it gimamalsu Minami Ward 6.98 2 11E-03
is considered that the invisibilities is directly linked to the Y Kita Ward 6.78 -5.34E-03
traffic safety problems (hereafter called “the traffic safety Hamakita Ward 540 -1.728-03
’ . i Tenryu Wad 4.36 -1.67E-02
problem”). Therefore, the rate of social population change Midori Ward 9.96 2.77E-03
i . . ‘e Sagamihara

has a positive correlation with the citizen report rate of traffic Citgy Chuo Ward 14.16 -1.45E-03
Minami Ward 11.85 -1.38E-03

safety problems.

Social population change Problem classification of citizen report

Problem classification |Outline

Lamp Breaks Street lamp out, etc.
Social population Facility Defects Guardrail breakage. ete.
ch.ange rate x Bliggi Cloig}‘ongl or damage of gutter or
(Move-in rate - Move- catch hasmn; oin

out rate) Abandoned Objects  (leaving garbage. etc. e
Invisibilities Insufficient of curve mirror, ete. }
. problems

Road Damage Cracks, cave-in of road surface, etc.

Overgrowth Street trees and weeds, etc.

Figure 13. Problem classification related to traffic safety
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Correlation

coefficient
Lamp Breaks (L35S
Facility Defects 0.25
Clogging 0.20
Abandoned Objects 0.24
Invisibilities }

problems
Road Damage
Overgrowth 0.20
Total 0.18
xxps 01, *p= 03

Figure 14. Correlation coefficient between the citizen report
rate and the social population change rate in each problem
category

Using the same method as in 4.2, we calculated the social
population change and the citizen report rate for each prob-
lem category and obtained the correlation coefficient between
the two in each category, as shown in Figure 14. The rate
of social population change had a strong positive correla-
tion coefficient with the citizen report rate of traffic safety
problems. On the other hand, it had no correlation with the
citizen report rate in other problem categories.

Next, as in 4.2, we carried out the simple regression analy-
sis using the sum of the citizen report rates of traffic safety
problems as the dependent variable and the rate of social
population change as the independent variable as shown in
Table 4 and derived the regression equation shown in Figure
15.

Femaszion Statisti

Multipla R

R Squera

Adjusted R Squars

(2) y=1.94+115 8%
y=Citizen report rate (traffic safety related)
x=Social population rate

Totzl

Pv i Lowwer 0355 Unper 05 og
Intamcapt 1238852418 267833 6.2686TE-D 1.452450571 1425154265
Rainfzll 115.8858538 E210454 3751433062 214728 40.63110788 1821405888

Figure 15. Results of single regression analysis from the social population change rate to the citizen report rates for

problems in traffic safety

Table 4. Variables for the regression in Figurel5
Citizen report

Social popula-

Districts rate (Traffic .
tion change rate
safety related)
Chuo Ward 3.33 0.0103
Hanamigawa Ward ~ 2.20 0.0023
Chiba City Inage Ward 5.58 0.0232
Wakaba Ward 1.07 0.0057
Midori Ward 2.89 0.0025
Mihama Ward 1.82 -0.0036
Naka Ward 1.36 -0.0030
Higashi Ward 2.32 0.0009
Hamamatsu Nishi Ward 211 -0.0022
Cit Minami Ward 1.99 0.0012
y Kita Ward 1.29 0.0035
Hamakita Ward 1.12 0.0074
Tenryu Wad 1.09 -0.0072
s ih Midori Ward 2.74 -0.0016
n;gyam' % Chuo Ward 3.00 0.0026
Minami Ward 2.33 0.0035

This result shows that the rate of social population change
positively influences the citizen report rate of traffic safety
problems.

5. ANALYSIS OF THE RELATIONSHIP BE-
TWEEN CITIZEN REPORTS AND THE INCI-
DENCE OF TRAFFIC ACCIDENTS

The result of the previous chapter confirms that citizen re-
ports reflect the recognition of problems by citizens about
living environment and traffic safety. In addition, citizen
reports also seem to reflect various other factors.!??! If the
relation between such factors and citizen reports is found,
it should be possible to derive new knowledge from data of
citizen reports.
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For example, it is possible that matters which are precursors
of traffic accidents are included in citizen reports by their
reporters. If this hypothesis is correct, the incidence of traffic
accidents should be high in areas where the citizen report
rate of problems which could be causes of traffic accidents
is high. In this chapter, we thus examine if there exists any
correlation between the two.

It has been pointed out that the contents of citizen reports
tend to be more about damage of sidewalks and community
roads.’! Therefore, it seems more possible that citizen re-
ports contain precursors of pedestrian accidents and bicycle
accidents. We thus extract from the seven problem categories
of “the common categories” the categories which are likely
to be causes of pedestrian and/or bicycle accidents, as shown
in Figure 16.

Citizen report of problems that are
likely to cause pedestrian accident

Outline thereinafter referred to as pedestrion
sufeiy related problems)
Lamp Breaks Street lamp out, etc
Traffic accident Facility Defects Guardrail breakage, etc. £
occurrence rate Clogging or damage of gutter or catch
(Pedestrian / bicycle) Clogging basiz, etc <
Abandoned Objects |leaving garbage, etc
Inwsihilities Insufficient of curve mirrar, etc O
Road Damage Cracks, cave4n of road surface, etc.
Owergrowth Street trees and weeds, etc. O

Figure 16. Problem classification related to pedestrian safety

In the same way as done in 4.2, we then calculated the corre-
lation coefficient between the incidence of traffic accidents
(hereafter called “the accident incidence”) and the citizen
report rate, and the result is shown in Figure 17. It is noted
that because of limitation on obtaining data, data of some
administrative districts was excluded or combined and thus
the number of districts for analysis is not the original 16 but

11 for pedestrian accidents and 14 for bicycle accidents.

The incidence of pedestrian accidents was positively corre-
lated with the citizen report rate in all problem categories
of the “pedestrian safety related problems” as shown in Fig-
ure 17. In addition, the incidence of bicycle accidents was
positively correlated with the problem occurrence rates of
“clogging” and “invisibilities”.

Total Fatality |Injured |Motorcycle |Bicycle |Pedestrian
Total 0.03| 0.60%| -0.02 020 038 0.59
Lamp Breaks 0.13| 024| -0.16 0.05| 014 0.38
Road Damage 031 059% 025 029 038 0.63*
. Facility Defects 0.04| 0.66*%| -0.02 023 036 0.65*
pedestrian safety- Ry 120
Overgrowth 010/ 052[ -013 011 027 0.45
related problems
Clogging 0.32| 0.69**| 028 0.53|> 0.61* 0.72%
Abandoned Objects | -0.05| 0.57%| -0.10 0.15|[ 039 0.58
Invisibilities 0.16| 0.70**|  0.10 0.35||> 0.45* 0.61*

* *p< 01, *p<.05
Correlation with pedestrian
accidents rate

Correlation with bicycle
accidents rate

Figure 17. Correlation coefficient between the citizen report rate and the accident incidence in each problem category

We thus carried out the simple regression analysis using the
sum of the citizen report rates of pedestrian safety related
problems as the dependent variable and the pedestrian acci-

Published by Sciedu Press

dent rate as the independent variable as shown in Table 5 and
derived the regression equation shown in Figure 18.
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Regression Statisties

Multiple R 0.700690323  (3) y=19.72+3.45x
R Square 0490966529 y=Clitizen report rate (pedestrian safety related)
Adjusted R Square 0.434407699  x=accident incidence of pedestrian
Standard Emor ~ 53.42986069
Observations 11
ANOVA

df 55 M5 F Significance I
Regression 1 2478088624 2478088624 B.680580126 0.016319229
Residual 0 2569275012 2854.750014
Total 10 50473.63636

Cogfficients Standard Error t St Pvalue Lower 95% Upper 95%

Intercept 19.72326601  28.73208949 0.686454287 0.509723852 -45.27323603 84.71976804
Rainfall 3.453623993  1.172197194 2946282425 0.016319229 0.801929713 6.105318273

Figure 18. Results of simple regression analysis between citizen report rate for pedestrian safety related problems to the

accident incidence of pedestrian

Regression Statistics

Multiple R 0.545663776  (4) y=53.35+17.08x
R Square 0.207748956 y=Citizen report rate (clogging and invisibilities)
Adjusted R Square 0.239228036  X—accident incidence of bicycle
Standard Error ~ 128.6760453
Observations 14
ANOVA

dr 35 MY F Signitficonce F
Regression 1 8424313308  B4243.13308  5.087906254 0.043552159
Residual 12 198690.2055  16557.52462
Total 13 282933.4286

Coefficients Standard Error t Stat P-value Lawer 95% Upper 95%

Intercept 5335321548 59.70032072 0.8936830  0.380062942 -76.72260924 183.4290402
Rainfall 17.07770427 7.571116666 2255638768  0.043552159 0.581658146 33.5737504

Figure 19. Results of single regression analysis from the citi
the accident incidence of bicycle

Similarly, we carried out the simple regression analysis using
the sum of the citizen report rates of clogging and invisibili-
ties as the dependent variable and the rate of bicycle accident
as the independent variable as shown in Table 6 and derived
the regression equation shown in Figure 19.

Consequently, it has been confirmed that it is possible also to
use the citizen report system for estimating from the citizen
report rate the accident incidence, which is not the original
objective of the system.

6. CONCLUSION
In this study, we have classified citizen reports according to
their text contents by applying text mining to them. As a

12

zen report rates for the problems of clogging and invisibility to

result, we have confirmed that, regardless of the categories
set by each municipality, the classification of citizen reports
can be automatically done according to their contents by
using a common method. This classification method can be
applied to other municipalities, and the obtained result was
comparable to the classification done by the reporters them-
selves. Consequently, the method has made it possible to
collect and comparatively analyze data across municipalities,
which was difficult to perform before.

Furthermore, we have confirmed that citizen reports can be
utilized not only for finding road damage but also for analyz-
ing the occurrence trend of local problems concerning the
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living environment and traffic safety of citizens. Concretely,
the following trends have been found.

(1) The citizen report rate of problems about the living
environment becomes higher as the rate of natural pop-
ulation change becomes higher.

(2) The citizen report rate of problems about traffic safety
becomes higher as the rate of social population change
becomes higher.

Table 5. Variables for the regression in Figure18

Pedestrian Accident
Districts safety related incidence of
problems pedestrian
Chuo Ward 32.73 171
. Wakaba Ward 8.99 70
Chiba | Mihama/
Cit nage/Miham, 58.50 210
Y Hanamigawa Ward '
Midori Ward 21.96 42
Naka Ward 17.02 207
Higashi Ward 20.19 79
Nishi Ward 12.78 54
Hamamatst \jinami ward 10.67 52
City
Kita Ward 17.98 47
Hamakita Ward 10.09 47
Tenryu Ward 12.34 9

Table 6. Variables for the regression in Figurel19

Bicycle safety  Bicycle
Districts related incidence of
problems pedestrian
Chuo Ward 8.46 196
Wakaba Ward 3.20 71
Chiba City  |nage/Mihama/
21.96 420
Hanamigawa Ward
Midori Ward 7.11 54
Naka Ward 5.74 497
Higashi Ward 5.88 197
Nishi Ward 4.05 133
H_amamatsu Minami Ward 5.98 124
City
Kita Ward 4.74 92
Hamakita Ward 3.67 95
Tenryu Ward 2.90 10
) Chuo Ward 5.99 66
Sagaminara o mi ward 5.01 304
City
Midori Ward 5.54 29

In addition, it has also been confirmed that citizen reports

can be used for presuming places of a high possibility of
traffic accidents, which was also not initially expected.

It is possible that the use of the above knowledge will al-
low municipalities to perform more efficient operations, for
example, by centralizing their measures such as patrolling
into the areas of many citizen reports. On the other hand,
the automatic classification rules established in this study are
only for the purpose of deriving useful knowledge from past
data of citizen report and are not intended to classify indi-
vidual reports in real time for daily operations such as road
maintenance. This is the current limit of this study. However,
if the error rate of 12.4% shown in 3.4 can be reduced to a
practically acceptable level by creating a dictionary for the
classification, it can be used for real time classification in
daily operations.

It is also possible that adding citizen report data of more
municipalities to the existing data will make the data more
versatile and that more conditions can be included as the
total number of citizen reports increases. Consequently, it
seems that the accuracy of estimation under each condition
improves, making it possible to further increase their practi-
cality.

While the data of traffic accidents used in this study was not
enough, the National Police Agency is currently in the pro-
cess of making some data of the prefectural police available
to the public for free and secondary use in a common format
throughout Japan.!?3! If the government and municipalities
take further measures for opening their data, it will be pos-
sible to obtain various data concerning the situations of the
living environment and traffic safety, including data of traffic
accidents. It will then possible to obtain more accurate esti-
mations, and it is also expected that totally new knowledge
will be obtained for solving various local problems.

The basic principle of this method is not premised on
Japanese, so it can be applied to other languages and cultures.
Specifically, although extracting the combination of depen-
dency in 3.3.2 and removing noises in 3.3.3 are processed
in the manner specific to Japanese, if they were replaced by
a method suitable for other languages, this entire research
method can be applied to any languages and cultures.

Such future work will make it possible to build more general
classification methods that also takes into account problem
recognition specific to language and culture, and make com-
parisons between countries and cultures using this method.

Published by Sciedu Press
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