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A Study on the Association Rule Mining and Gl Sto seniorsliving
alonein Taiwan Population Census

Abstract

The elderly have been considered disadvantagedhl classes, and their widening
problems will have a tremendous impact and infleeon society. This study aims to apply
data mining techniques to investigate the demogcafdatures of socially disadvantaged
groups in Taipei and Kaohsiung by using populatiata collected in the 2000 census to
provide reference for social welfare decision maker understanding these groups and
forming policy. The demographic features, maritattires and educational attainment of the
elderly lives were investigated. The marital feafjreducational attainment, care and life
patterns of the elderly were studied. This artaffers two results of creative research about
seniors living alone in Taiwan. (1) Suggestions aomesearch structure for data mining
visualization with GIS. (2) A search for the dibtrtion of the elderly population groups in
society using the census 2000 as research baclgyroun
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I ntroduction
Aging is a global problem and will be one of thejonahallenges of the 21century. In

contrast to Europe and North America, which havelemgone protracted demographic
transformations over the past hundred years, amd Haveloped various welfare measures
and systems to better care for the elderly, pojulagging is a relatively new and
rapidly-developing trend in Taiwan. According taational statistical report issued by the
Directorate General of Budget, Accounting & StatistExecutive Yuan, due to the declining
birth rate and the increasing life expectanciesitifens, Taiwan's elderly population (those
65 years of age and older) exceeded 7% in 1993inguiTaiwan among the ranks of
countries with aging populations, and the "grayingf' the population is becoming
increasingly evident. Furthermore, according to @euncil for Economic Planning and
Development's population estimates, Taiwan's etdaspulation will rapidly increase to 3.6
million persons over the next two decades (by rough21), and the elderly will account for
over 14% of the population by that time. In cortiréise support ratio between working-age
persons and the elderly will shift from the curr@ntl to 4.7 : 1 during the next twenty years.
This rapid transformation, especially the tremersdamowth of the elderly population
expected over this very short period of only twotlaree decades, will have an extreme
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impact on Taiwan’s social structure, family relasbips, and the government’s health and
social welfare measures, and even the countryiBgabland economic situation. In Taiwan's
revised Senior Citizens Welfare Act (1997), Arti@l@rescribes that local governments may,
when needed, establish and fund various typesrmidisevelfare organizations. Seniors' main
needs consist of the four primary items of housirmare, long-term care, and
entertainment/recreation. With regard to governnvegitare services for the elderly, Article
105 of the Constitution explicitly requires: "Thielerly, very young, disabled, those unable
to live independently, and victims of various dieas shall be provided with appropriate
support and assistance." Furthermore, the Execifthan's 1994 Social Policy Framework
established the government's commitment to senétfiave services in official policy. Article
17 of the Social Policy Framework prescribes th@ihe government shall reinforce health
and care facilities for seniors in the communityd ashall establish residential care service
networks in conjunction with community resourcel"order to help the elderly perform
career planning at an early date, and maintainadttheliving attitude, this project applied
data mining techniques to investigate demographictiral correlations concerning seniors
living alone based on past demographic survey dedearch literature. In addition, spatial
autocorrelation analysis is employed to study thedial distribution and clustering of seniors
living alone, enabling decision-makers to undemtéme demographic characteristics and
spatial distribution of seniors living alone, arterteby determine appropriate policies that
may benefit the public. The elderly living alonenstitute a disadvantaged group from the
perspective of society, and their problems willdn@an enormous impact on Taiwan's society
in the future. This project seeks to investigatedhrrent population of elderly living alone in
Taiwan, and it is hoped that the results of thelysis can provide the government with

guidance in allocating social resources.

Materials and methods

The content of this chapter integrates the threasaof population census data, spatial
data and geographical information systems, and ehténg, and conducts an exploratory
analysis of relevant major cases in the literafuoen the last few years. Fig. 1 shows a
flowchart for the literature review process. Dataing relies on exceptional data processing
and operating capabilities to perform multi-dimemsil searches of large bodies of data, and
extract knowledge latent in the data. By uncovernirsgful information needed by users
hidden in databases, data mining can provide compaand users information needed in

decision-making, helping companies to take advant#gopportunities. Unlike algorithmic



methods, data mining is not used to prove or dispitoypotheses, but rather to find hidden
patterns in data by means of induction and to ge#eehypotheses. Users can use the
intelligent data analysis provided by data mininggain a more thorough understanding of
the content of data, enabling them to effectivelyotve various problems they may encounter.
Starting in the 1990s, data mining has been wideld successfully applied in market
surveys, marketing analysis, business decisionimgalanalysis, manufacturing project
control, bioinformation research, etc. Use of thetadmining classification method to
establish a data classification model has two ajoefls: (1) To analyze factors affecting data
classification: Classification models establishasthg the classification method can be used
to extract classification rules, and these rulasstitute factors affecting data classification. (2)
Predicting data type: When the data used to establiclassification model is sufficient in
quantity, the representativeness of the classificahodel will have statistical significance.
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Figure 1 Flowchart of literature review process

This study used census data to develop a spatfifsas model employing a data mining
mechanism. The chief goal of the study was to eynpl@ata mining analytical model and
geographical information system (GIS) spatial ainedy model with census data. This study's
contributions include two aspects: (1) Interdiscipty research: This study used data mining
techniques to analyze and explain the linkage betveecial and demographic characteristics
and used GIS technology to explain the spatialridigion of social and demographic

characteristics, which will help to strengthen gtieal techniques used in the social sciences.
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(2) Innovation in research methods: The study BkKito visualize spatial distributions and
display the results of the data mining analysisjctvhenabled data mining techniques
originally without spatial implications to yield raeingful spatial distribution results. The
study consisted of two stages; the first stage cmeqh: (1) collection and establishment of a
demographic census database; (2) in-depth analyslata mining applications technology;
and (3) selection of Taipei and Kaohsiung citiestlas research areas. The second stage
comprised: (1) using data mining to establish aalydical model, and (2) visualization of
knowledge rules derived using data mining on Gl&ges, followed by the use of spatial
autocorrelation to analyze the spatial distributon degree of clustering. The research steps
employed in this study were as follows:

1. Confirmation of research questions: To inveséigthe background of the elderly
population living alone, establish the researchpscof the elderly population living
alone, and thereby form a research concept comgethe elderly living alone.

2. Development of research motivation and goalsu3@data mining to find relevant
constituent factors concerning the elderly livingne.

3. Review of the literature: To collect literatwencerning the application of data mining
technology and spatial analysis technology in ceesuand perform reading,
investigation, analysis, and summarization.

4. Development of a research framework: To estalalisoverall framework for this study,
census research categories, and census reseajetisbiased on the results of the
literature review and the correlations betweenaesequestions.

5. Data mining techniquegssociation rules are created by analyzing daté&éouent
if/fthen patterns and using the criteria support @mfidence to identify the most
important relationships. Support is an indicatibmow frequently the items appear in
the database. Confidence indicates the numbemesktihe if/then statements have been
found to be true.

6. Collection of census data: The Fourth Bureath®Directorate General of Budget,
Accounting and Statistics provided census datagerby this project.

7. Establishment of an analytical model: To essdbéin analytical model generating
knowledge primarily usingssociation rule minintechniques and secondarily using GIS
spatial analysis methods.

8. Research results and discussion: To assesatioeis results of analysis and explain the
meaning of spatial distribution findings.

Fig. 2 displays research procedures. The motivation @ $tudy included a wish to



determine the background of seniors living aloné apply data mining techniques to spatial
analysis. The research design included a spatisbcégion rule analysis and spatial
autocorrelation analysis. The study's results ohetlithe demographic characteristics and
spatial distribution characteristics of the eldgatypulation living alone.

Research motivation Research results

Research design

Characteristics and
spatial distribution
of the clderly
population living
alone

Background Taipei, Kaohsiung
research concerning
scniors living alonc

Spatial association rulc
|:> analysis classilication >
Application of data analysis Spat{al \flsua.h(atlon
mining techniques of data mining
to spatial analysis St : results
3 Y Spatial autocorrelation
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Figure 2.Research procedures
Results

The results of association rule mining showed that distribution of seniors living
alone in Taipei and Kaohsiung is correlated with thistribution of medical organizations.
The distribution of these medical organizations peovide a useful reference for other areas.
For instance, by connecting this distribution imfiation with the government's medical
resource allocation planning, medical resources lmarallocated to where they are most
needed, reducing social costs. When ranked in tefrttee number of medical organizations,
from the fewest to the most, the districts of Taipiy are listed as follows: Nangang, Beitou,
Wenshan, Neihu, Datong, Wanhua, Songshan, Zhongzhényi, Shilin, Zhongshan, and
Da-an. Here the peripheral districts of Beitou, ¥emn, and Datong are all ranked as level 5.
This result suggests that districts located ingtetal areas are may lack medical resources
compared to other districts. The fact that theyhpleripheral districts Nangang, Beitou, and
Wenshan have fewer per capita medical resourcesdtieer districts indicates that medical
resources do not favor hilly areas (such as WensNangang, Neihu, Beitou, Shilin). In
contrast, while also in a peripheral location, Betong District, which has relatively level
terrain and was developed earlier, has more abaimdedical resources than the hilly areas.
Shilin was also developed at an early date, andehgsyed strong economic development

and has comparatively sufficient medical resourtieserms of medical resources per square
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kilometer, the foregoing districts have relatividw levels of medical resources per unit area,

there is little likelihood that residents of othiistricts will seek care in these districts, angl th

medical choices of local residents are comparatifel, especially for those persons living

in hilly areas. The fact that the peripheral, hilgnd relatively undeveloped districts of

Wenshan, Nangang, and Beitou are lacking in medeasdurces indicates that the level of

medical care is influenced by such factors as looatopography, development history, and

current state of economic development.

Table 1 Analysis of association rules between seriging alone in Taipei City and medical
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Figure 3Distribution of seniors living alone and

medical organizations in Taipei
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Former term 1 Former term 2 Former term 3
(administrative (level of (marital status)
district) education)
Da-an University Divorced or
separated
Songshan High school Divorced or
separated
Xinyi Junior high Spouse deceased
Shilin Elementary schoo  Spouse deceased
Nangang Elementary Spouse deceased
school

Medical resources are unevenly distributed
among the districts of Taipei City. Most such
resources are located in core areas, and are
relatively scarce in peripheral areas. This
suggests that districts with a high level of
economic development and good accessibility
enjoy funded medical resources. The residents
of areas where clusters of medical organizations
exist enjoy a wider range of healthcare options,
but the residents of most peripheral districts are
not so fortunate. This situation happens to
parallel the commercial principle of pursuing
the greatest possible profit. With regard to the
relationship between the distribution of seniors
living alone and that of medical care
organizations, apart from census data, input
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data also included location information for mediaare organizations in Taipei and
Kaohsiung. Medical organizations are distributedsaswn in the attached diagrams. We
designed the following terms to facilitate analys:$ spatial association rules: P1:
administrative district, P2: marital status, P3ieleof education, Q1: relationship between
administrative district and medical organizatio@$o§e_to). Close_to = High: indicates that
there is a relatively high number of medical orgations in an administrative district
containing seniors living alone, and implies thmre is a is short actual distance to a medical
organization; Med: indicates that there is a ma#eramber of medical organizations in an
administrative district containing seniors livinpe, and implies that there is a is medium
actual distance to a medical organization; Lowidatés that there are relatively few nearby
medical organizations, and implies that there idomag actual distance to a medical
organization. The derived spatial association rales shown in Table 1. which shows the
numbers of medical organizations in districts vditfierent densities of seniors living alone.
(administrative district) * (marital status, lewéleducation of seniors living alone) (spatial
relationship with medical care organizations), ($%); the following rules were obtained:
Rule 1, P1(administrative district) » P2(maritadtss) ~ P3(level of education) Q1(X:
administrative district, spatial relationship wittedical care organizations), (S%; C%).

The correlation rules may contain two or more disiens (dimension) or predicate
(predicate), for example: Age (X, "40 ... 45") *amge (X, "7 | ... 80000} purchase (X,
overseas funds). The above example will contair, '@grome, income' three predicates, if
each predicate in the rules were only appears ameayill call interdimensional connected
rules, shall be guilty of the above-mentioned exasiThe results of analysis of association
rules for Kaohsiung seniors living alone indicat®ule 1, for age greater than 74 years,
educational level of illiterate, marital status spouse deceased, and no income from
employment, there were 9,497 data items, the dexfreapport was 48.94%, and the degree
of confidence was 31%. Rule 2: for age less thayeéks, educational level of junior high
school, marital status of divorced or separated, rmmincome from employment, there were
9,108 data items, the degree of support was 46.94ththe degree of confidence was 31%.
Most elderly persons living alone in Kaohsiung approximately 70 years of age, have no
income from employment, and have an elementaryadauducational level of or are illiterate.
After calculating the degree of support for AsstioraRule 1 in each administrative district,
we found that such areas as Fengming Li, Lungfendréngsen Li, Fengxing Li, Fengyuan
Li, and Haiyuan Li in the Xiaogang District in trsmuthern part of Kaohsiung City, and
Weibei Li, Fushan Li, and Caigong Li in the Zuoyimjstrict all have relatively high
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populations complying with Association Rule 1.

Table 2. Results of association rule analysiséoriors living alone in Kaohsiung

Item Degree Degreeof Latterterm  Former term  Former term  Former term 3

of confidence 1 2
support
9497 48.94 31.0 Illiterate Age>74 Spouse Nojob
deceased
9108 46.94 31.0 Junior high Age <71 Divorced or No job
school separated
8221 42.37 12.0 Self-educatec Age >71 Divorced or No job
separated
7429 38.29 49.0 Elementary Age >65 Divorced or No job
school separated
5568 28.7 11.0 High school Age >65 Divorced or No job
separated

The results of the spatial association rule anslysi Kaohsiung seniors living alone
(Table 3) were as follows: Seniors living alone&imohsiung's Lingya District have access to
a large number of nearby medical organizationscwimdicates that seniors living alone can
obtain medical resources where there are many mediganizations. In contrast, seniors
living alone in the Zuoying and Nanzi districts baaccess to a moderate number of medical
organizations, and there are great numbers of efilong alone in these two districts.
Finally, seniors living alone in the Qijin and X@eng districts have access to relatively few
nearby medical organizations, which suggests tihatret is a lack of medical care
organizations in these two districisg. 4 shows the distribution of seniors living alone and
medical organizations in Kaohsiung.

Table 3. Results of association rules about Sefiilong) alone close to medical care
organizations in Kaohsiung

Item Degr ee of Degree of Latter term Formerterm1  Former term 2 Former term 3
support confidence (spatial (administrative (educational (marital status)
relationship) district) level)

2641 13.61 90.0 High Lingya Elementary Spouse deceased
school

1317 6.79 83.0 Med Zuoying Elementary Unmarried
school

715 3.68 75.0 Med Nanzi Elementary Spouse deceased
school

609 3.14 57.0 Low Xiaogang llliterate Spouse deceased

565 291 100.0 Low Qijin Elementary Spouse deceased
school



319 1.64 100.0 Low Qijin llliterate Spouse deceased

T The clustering of seniors living alone in
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arsenals, and villages for military dependents;
the sale of some military base land,
renovation of old military dependents'
villages, and disuse of some land once
occupied by military dependents has induced
- * many relatively affluent families to move
: away in search of a better living environments,
\ leaving many less affluent persons and
- families to make do with the poor

environment. As a consequence, many

Figure4. Distribution of seniors living alone less-well-off seniors living alone, such as old

and medical care organizations in Kaohsiungyy military depdents, face deteriorating living
conditions. Many soldiers came to Taiwan with tlwaynment after the mainland was
overrun by Communist forces, and usually left nafstheir family members in China.
As a result, these old soldiers typically led solitlives in Taiwan, and the lack of
family members to care for them often left themhwatccentric personalities and poor
social skills in old age. Indifferent to their nklgprs, the old soldiers have gradually
become socially isolated in many cases.

Conclusion

Taiwan is small and has an abundance of relatisetessible medical resources.
Although seniors living alone are not necessarilghly dependent on medical care
organizations, the government should refer to tlhegment programs implemented in
developed countries when drafting placement arnaegés for the elderly, and should
pay special attention to health care for seniole §overnment's efforts in this regard
include the "Six-year National Construction Planfogmsed by the Council for
Economic Planning and Development, Executive Yurth991; this plan includes such
items as encouragement for family care of the Bidegsidential services for the elderly,

residential nursing, and senior day care. In thgecaf social welfare agencies, the
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Ministry of the Interior (Department of Social Aifg), provincial and municipal social
welfare bureaus, and city and county governmenés al striving to implement

residential services, daytime care services, amdclost lunches for the elderly, and
improve other specific care measures aimed at eriiany community care programs
have been initiated, and private care organizatltage gotten involved. As a result,
community services for the elderly are growing mdreersified. The results of the
analysis in this study can serve as a useful neterdor relevant medical resource
allocation efforts.
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