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Abstract

The multistrategy knowledge discovery tod, INLEN, is applied to databases consisting d
eonamic and demographic fads and statistics abou the curtries of the world. Preliminary
experiments focus on dscerning and comparing various patterns in the status and development of
courtries in dfferent regions of the world. These experiments have provided some interesting
and dten urexpeded results, but they are only a beginning in exploring such data. By
discovering patterns and exceptions such as the ones presented, damain experts may have new
insights into national development patterns, predict future developments in certain courtries, or
use these discoveries to influence national palicies. Users who are nat experts in the domain
may also make interesting dscoveries with INLEN. The results of these initial experiments are
presented and future paths of reseach in this domain are propcsed.

1 I ntroduction

The domain of international econamic and demographic statistics has a strong pdentia to be a
fruitful applicaion areafor knowledge discovery techniques. Spedficdly, a database of such
statistics is fertile groundfor mining. One may find relationships among seaningly independent
fedures in the data, and wse that knowledge to better understand the @ndtions in various
courtries. Individual courtries may be compared and contrasted, and also analyzed for clues as
to their potential future development. Two courtries in similar situations may wish to foll ow
smilar pdicy paths. Conwersely, two dssmilar courtries may require vastly different
approades.

Since many o the fads in the database ae updated periodicdly, one can also insped the
development of a wuriry over several decales and lean from the discovered petterns. A
courtry may find itself in a state similar to that of another country some time ago. Dedsion
makers can then tracethe progressof the latter nation and determine whether or nat they want
their land to follow a comparable murse.



This paper discusses initial experiments using such a database and the results they have
produwced. The discoveries were made using INLEN-1, a program for making dscoveries in
databases using an array of madine leaning tods. Sedion 2 describes the INLEN-1 program
and the knowledge discovery operators used in these experiments. In Sedion 3the contents of
the database ae discussed in more detall. Sedion 4 dscribes the preliminary experiments and
results, and Sedion 5 oulines future work in this domain.

It shoud be anphasized that the INLEN discovery system is gill under development, and that its
use in exploration d the data described in this paper has just begun. Hence the results siown
here ae preliminary ones, and are more indicative of the knowledge discovery cgpadty of this
methoddogy than they are substantial contributions to understanding the domain. Through
further interadion with the interested damain experts, the discovery process will be better
focused ontheir spedfic areas of interest.

2 ThelNLEN Knowledge Discovery System

INLEN is designed to serve & a platform for knowledge discovery in databases that overcomes
some of the limitations of traditional knowledge discovery systems. Many o the tods in the
INLEN padkage utilize symbadic madine leaning methods which, urike purely statisticd
methods, are ale to conceptually explain their findings and the wndtions under which they
hold. Thus, ore does nat have to be adomain expert to get a deg understanding d what a
particular set of results means.

Furthermore, traditional methods are not able to ater the feaure spacein the database to improve
prospeds for discovery. If adatabase cntains information onthe lengths, widths and heights of
objeds but nat their volumes, such methods will have difficulty in making dscoveries that
depend closely on the volumes themselves. The INLEN architedure includes svera operators
for modifying the representation space through constructive induction, including operators for
creaing rew attributes based uponeither the data itself or intermediate discovered knowledge,
seleding subsets of a larger fedure spacethat are better-suited for discovery than the entire
initial feaure set, and combining pations of separate, related databases into promising views of
the data.

One we&ness of a symbalic madine leaning-oriented approac is that many such leaning
programs have the limitation d being task-inflexible, i.e., they can orly perform one spedfic
type of leaning a discovery task. A clustering program will not be ale to discover smple
eguations that charaderize atable of numeric data while aprogram that can lean such equations
will fail to make discoveries in nonnumeric databases. INLEN is designed to provide a
multi strategy environment for discovery, with dfferent operators avail able for use depending on
the particular task at hand. INLEN also feaures a moduar architedure, in which separate
programs are integrated into the system as individual operators or groups of operators. By
introducing rew programs into the system, ore can add to its knowledge discovery cgpabiliti es.
Similarly, a program in INLEN can be replaceal by another that performs a similar task better
acwrding to some measure. To compare the performance for a given task of one program to
another is beyond the scope of this paper; the software-oriented emphasis instead lies uponthe
integration d diverse comporents into a multi strategy knowvledge discovery system.

A detailed description d INLEN’s architedure and the operators from which it is built i s given
by Michalski et al. (19920. Theideaof such a multi-operator approac to knawledge discovery
was formulated by Michalski in the 1980G. The first such effort, from which INLEN derived
much o its conceptual architedure, was the QUIN system (Query and I nference), a mmbined



database management and cita analysis environment (Michalski, Baskin and Spadkman, 1982
Michalski and Baskin, 1983 Spadkman, 1983. QUIN was designed bah as a stand-alone
system, and as a subsystem of ADVISE, a large-scde inference system for designing expert
systems (Michalski and Baskin, 1983 Michalski et al, 1987 Baskin and Michalski, 1989. The
INLEN architedure expands on the achitedure used by QUIN by incorporating a number of
new leaning and inference operators. Additionally, it maintains a more complex knowledge
base than QUIN’s, which was designed primarily with expert system rule bases in mind.

In the last few yeas, new tods have been developed — in particular, more alvanced inductive

leaning systems, e.g., AQ15 (Michalski et al, 1986, AQ17 (Bloedorn, Wnek and Michalski,

1993 and ABACUS-2 (Greene, 1988, and expert database systems (Kerschberg, 1986, 1987,
1988. The a&owe systems have influenced the development of INLEN and its comporents.

INLEN also draws upon the eperiences of working with AGASSSTANT, a shell for

developing agricultural expert systems (Katz, Fermanian and Michalski, 1987 and AURORA, a

general-purpose PC-based expert system shell with leaning and dscovery capabiliti es, designed

by Michaski and Katz (INIS, 1983. The kernel of INLEN-1 (the prototype version d the

system uponwhich we have conducted these experiments) has grown diredly out of these.

INLEN-1 includes a knowledge base of simple dedsion rules, a prototype relational database,
modues for easy management of the data, and an extensive user-oriented menu-based graphicd
interface The knowledge generation operators (KGOs) used by INLEN-1 consist of a subset of
the full set of operators that will be incorporated in later versions of the system. The particular
operators that were used in the experiments presented in this paper, CLUSTER, CHARSET,
IMPROVE and TEST, are described below:

CLUSTER: Conceptual Clustering

CLUSTER is an operator used to dscover different ways of classfying an input set of examples.
It does © by creding logicd divisions of the data into two or more groups, forming conceptua
descriptions of the groups, and evaluating the quality of thase descriptions. The descriptions can
be used in seleding particular groupngs of the data. 1n the example presented in Sedion 4,a
clustering is chosen that divides the examples based on ore dtribute and then pertitions eadh
subgroup acording to ancther attribute in a manner that suggests a large set of representative
examples and a small set of exceptions in ead subgoup. The program to perform these
clustering tasks is based on CLUSTER/2 (Michalski, Stepp and Diday, 1981 Michaski and
Stepp, 1983 Stepp, 1983, 1984

CHARSET: Characterize and Differentiate Sets of Events

CHARSET leans dedsion rules from sets of examples of different clases. Parameters can be
set to lean charaderistic rules (very spedfic rules that fully charaderize the examples of an
inpu clasy, discriminant rules (maximally genera rules that provide sufficient information to
diff erentiate between the dasses of examples), or rules of intermediate generality that best satisfy
other user criteria. The method wsed in these experiments employs the AQ15 leaning program
(Michalski et al, 1989 to lean charaderistic rules. AQ15 dscovers classficaion rules by
examining dfferent generalizations of a “seal” example acording to user-defined seledion
criteria and creding arule based onan ogimal such generali zaion.

IMPROVE: Improve Knowledge Base

The IMPROVE operator can be used in several ways, ead with the goal of improving existing
knowledge. One form of this operator is incremental leaning, in which newly available datais
matched upwith the existing knavledge, and inconsistencies are resolved throughfine-tuning d



the knowledge base. Ancther form is rule optimizaion, cemonstrated in Sedion 4,in which
dedsion rules, rather than examples are the inpu to the AQ15 leaning modue. Here, the
portion d the event space overed byarule serves asthe seal, andit is maximally generali zed so
as not to extend into areas covered by rules for other clases. In the example shown here,
discriminant rules are generated from existing charaderistic ones. By daing so, we can dften
lean more sucanct knowledge than if we had leaned discriminant rules diredly from examples
(Cuneo, 1975).

TEST: Test Knowledge

A knowledge-testing operator implemented using the ATEST program (Reinke, 1984, TEST,
was aso used in these experiments. A set of rules and some testing examples are the inpu to
this operator. ATEST examines ead example and determines whether or not it is corredly
classfied by the ruleset (based onexad match with its proper rule). If it is not, the example is
set against every rule in the ruleset to determine the degrees of match between the rules and the
example. The system judges the rule with the highest degree of match as being the best match
for the example. ATEST can summarizeits findings in threeways. by showing the percentages
of examples that match their target classboth exadly and through test fit, by creding a table
showing the percentage of examples of eadt classclasgfied by the rules into eat class and by
showing the degrees of match for ead classfor the individual examples.

3  DataDescription

These experiments were performed upona database provided by the World Bank that contains
information on 171courtries. For ead courtry, 95 attributes were measured (when avail able)
for ead yea between 1965and 1990inclusive. Many more dtributes could be @nstructed by
measuring changes in values from one yea to another or by combining related feaures. For
example, athough noinformation was explicitly available on the average education attained by
women in a ourtry’s labor force this could be generated from the male and owral educaion
statistics as well asthe male/female labor forceratio.

In generd, the feaures in the database ded with the quality of life and the e@namic condtions
in the various courtries. Of these atributes, the ones used in ore or both o the experiments
described below (sincethe focus of the first experiment shown here was more demographic, and
the focus of the sesacondwas more eonamic, the feaure sets used were nat identicd) included the
following:

Annual Popuation Growth Rate

Popuation Density

Urban Popuation Percentage

Percentage of Popuation Between Ages 16 and 64
Change in the Percentage of the Popuationin the Labor Forceduring the 19805
Percentage of the Labor Forcein Industry
Percentage of the Labor Forcein Agriculture
Percentage of Land Devoted to Agriculture

Life Expedancy

Fertility Rate

Dedh Rate

Infant Mortality Rate

Per Capita GNP



Percentage of GDP devoted to Agriculture
Percentage of GDP devoted to Medicine
Percentage of GDP devoted to Educaion
Percentage of Children Completing Primary Schod

Eadch o these fedures is represented in the database by numericd values, typicdly with ore
dedma place where gpropriate. To fadlitate the leaning, the values were quantized into
intervals, with the intervals being seleded based on either the distribution d the values or
groupngs that had extra semantic meaning for a human user (for example, by tens), as best
suited the data. In the results shown below, the values are given in a smplified bu equivaent
form for ease of understanding.

4  Initial Experimentson the World Bank Data

The motivation and focus of these experiments were based on dscussons with the domain
experts with whom we have been coll aborating. It is throughthese discussons that we diose to
concentrate on certain parts of the world and on certain indicaors tending to have dired
relevance to the quality of life in those aeas. The seledion d the leaning operators was user-
driven based on bdh the presence of spedfic goals a the airrent stage of the knowledge
discovery processand the output from previous geps.

Our first experiment focused on dscovering charaderizations for courtries in dfferent parts of
the world by leaning and comparing petterns for different regions and searching for interesting
behavior in those @wurtries that did na foll ow the locd pattern. We dhose aset of quality-of-life
indicators from the database and all of the countries from Eastern Europe and the Far East for
which most of that information was available.

The goal of this experiment was to generate descriptions contrasting the “Eastern European”
model from the “Far Eastern” one. Sewndarily, we were interested in seang if any o the
European courtries appeaed to have @ndtions smilar to those in the Asian pattern o
development. If so, they might be well-advised to examine the pdlicies of the Asian courtries
and try to follow the paths of the more succesful ones while avoiding the pitfals of the
strugding retions. Conversely, the European nations that showed far different condtions from
those in the Far East would likely be best served by the implementation o a different set of
pdlicies, given that they would have to operate under a diff erent set of assumptions.

Another goal was to identify some of thase @ndtions that would tend to determine whether or
not a counry is “Far-East-like” in arder to ascertain easily whether a wurtry is converging with
this model or moving away from it. It may be the cae, for example, that Bulgaria and Malaysia
have littl e in common right now in terms of these key indicators, bu that they may become more
similar several yeas in the future. In this way, using some cncise dedsion rules, simil arities
and dssmil arities may be tradked.

The first step in this experiment was to apply conceptual clustering to the set of courtries. Most
of the sets of groups creaed by the dustering program did na highlight the diff erences between
the regions, but one four-group dvision dd exadly that. Two of the groups consisted of Eastern
European courtries whil e the other two held orly Far Eastern ores. Each peir of groups from the
same region was divided into two individual groups by (among dher things) the dhange in eah
country’s labor force participation percentage. That is, one of the Eastern European groups
consisted of courtries in which that figure was below a cetain threshald, whil e the other held



ones with higher values. Similarly, the Asian courtries were divided into two by this feaure,
albeit with a different threshold marking the division pant.

It shoud be emphasized that differences in aher feaures also dstingushed the individual
groups. However, the region and the change in labor force participation are focused uponhere
due to the darity with which they defined group membership.

Interestingy, most of the European courtries (there were only two exceptions - Albania and
Romania) had labor force percentage dhanges below the threshold at which the region’s courtries
were divided. Similarly, all but two of the Asian courtries (Camboda and Laos) had changes
abowe their threshadd. One hypahesis to consider was that the two European courtries with
above-threshold labor force danges might be following closer to the general Asian model in
other respeds, and the two Asian courtries with below-threshold changes could be more
European-like in oulook. Hence our next step was to regroup the curtries based on whether
they were a&owve or below their region's threshold and then use AQ15 to lean rules describing
thetwo goups. These aethefour rulesthat AQ15 dscovered:

ClassisClassl (Asian-Like) if:
A.1.Changein Labor ForceParticipation slight_gain,
2 Percentage of Labor Forcein Industry « 40%,
3Popuation Growth Rate* 0,
4] ife Expedancy ¢ 60, (total 9, unique 9)
ar
B.1Regionis Far East,
2 Percentage of Labor Forcein Industry « 302,
3Life Expedancy isin 60s,
4Popuation Growth Rate >2%,
5Working Age Popuation < 64%,
6Agricultural Land Areais not 30% to 50%,
7Popuation Density is garse,
8Changein Labor ForceParticipationis nea O. (total 2, unique 2)

Classis Class2 (Asian-Unlike) if:
A.1.Changein Labor ForceParticipationisnea 0 or deaeasing,
2Popuation Density » moderate,
3Popuation Growth Rateis not 1% to 2%,
4 Percentage of Labor Forcein Industry isnat 20% to 30%,
5L ife Expedancy isnot in 60s,
6Agricultural Land Areais nat 30% to 50% (total 7, unique 7)
ar
B.1.Percentage of Labor Forcein Industry > 40,
2Regionis Eastern Europe,
3Agricultural Land Area >50%,
4Change in Labor Force Participationis nea 0,
5Popuation Density is moderate,
6 Popuation Growth Rate <1%,
7Working Age Popuation « 64%,
8Life Expedancy isin 60s. (total 1, unique 1)



The numbered condtions in ead rule ae ordered on the basis of expeded informativeness
based onthe number of examples of the dassand the number of overall examples covered by
that condtion. Thusin Rule 2A, Change in Labor Force Participation keing rea O or deaeasing
IS much stronger evidence that a @urtry is “Asian-Unlike” than if its Agricultural Land Areais
not between 30% and 50%.

The “total” and “unique” weights for ead rule show respedively how many o the wurtries
were described by the enitire rule, and hav many were described by that rule and nore of the
other ones leaned. In ead o the dasses, Rule A is a “hearyweight” rule, i.e., it covers the
majority of the examples of the dass Rule B, then, accouns for the urtries not described by
Rule A.

Rule 1A, in particular, gives a oncise daraderization d what Albania axd Romania have in
common with most of the Far Eastern retions. In addition to the defining condtion o changein
labor force participation, they also share a cetain commonality in terms of industrial labor force
popdation gowth rate and life expedancy.

Rule 2A describes most of the curtries that do nd follow this Asian model. They can be
charaderized by low popuation densities, deaeases in labor force participation, and a lack of
moderate values in many of the other attributes.

To try to better encapsulate this knowledge, we then took the leaning a step further by applying
“rule optimizaion” - using AQ to lean from the rules it creded ealier. In dang so, AQ
simplified the rules and dminished the dfeds of tautologicd condtions. The optimizaion o
the dowve dharaderistic rulesinto dscriminant ones generated the foll owing:

ClassisClassl (Asian-Like) if:

A.1.Changein Labor ForceParticipation eslight_gain,
ar

B.1.Working Age Popuation ¢ 64%,
2L ife Expedancy isin 60s.

Classis Class2 (Asian-Unlike) if:

A.lLife Expedancy isnat in 60s,
2Changein Labor ForceParticipationis nea O or deaeasing,
ar

B.1.Percentage of Labor Forcein Industry « 40.

In this case, the key elements to look for were foundto consist of the change in labor force
participation, life expedancy, working age popdation, and industrial labor force percentage.
These tharaderistics were found to most diredly link condtions in Albania and Romania to
those in the nations of the Far East, and to dstingush those in the rest of Eastern Europe from
them.

The second experiment involved a larger set of attributes from the database and a larger set of
courtries, based uponthe suggestion d a domain expert working with the World Bank. For this
experiment, we defined seven courtry groups (North America (USA and Canada), Western
Europe (including Grea Britain and Scandinavia), Southern Europe (the Iberian and Hellenic
peninsulas), Northeastern Europe (Eastern Europe north o the Balkans), Southeastern Europe,
Latin America and the Far East). In ead o these regions, ore or more “core @urtries’ were
seleded as being typicd of the region.



The goals of this experiment were to dscover some daraderistics of the various regions in
terms of quality of life, organizaional level, way of life, etc.; to deted interesting dfferences
between the regions; and to examine the behavior of countries outside the cre groups and
anayze how they compared to the more representative nations of their region.

First we gplied AQ15 to the individua regions, bah through rule leaning and rule
optimization, to lean what charaderizes them and what diff erentiates them from other parts of
the world. Some strong trends were discovered. South American courtries (al of the Latin
American core murtries were South American) could be dharaderized by very high popuation
growth and fertility rates, high infant mortality and low per-cgpita GNP and life expedancy.
Western European core ourtries had high per-capita GNP, low infant mortality and low
percentages of workers in agricultural fields. Eastern European courtries sowed low life
expedancies and low per-cgpita GNPs, but while those in the northern pert of the region were
also charaderized by high deah rate, high pimary schod educaion and moderate-to-high infant
mortality, those in the southern part of the region exhibited low urbanization, slow popuation
growth and relatively highly agriculturally based emnamies. Southern Europe showed low
alocaion d resources to educaion, moderate per cgpita GNP and low fertility. The cre
courtriesin the Far East were charaderized by avery low deah rate.

We then applied the ATEST operator to these charaderizaions by applying them to some of the
other courtries in the region and examining hav well the descriptions matched them. The “core”
courtries had tended to be moderate-to-large ones in their regions — representative while not
dominating. The alditional courtries were smaller or larger, or were regarded as not being
typicd of their region (for example, Italy was considered to be doser in nature to its Western
European neighbas than to the Mediterranean courtries with whom it was geographicdly
lumped. Similarly, Mexico was though to have more in common with South American
courtries than with the other large nations of North America)

We |leaned that the South American pattern was very strong throughou the @ntinent and upto
Mexico. Paraguay deviated farthest from it, but did nad come dose to fitting any aher patterns
with the possble exception d the Southeastern European pettern. Developing East Asian
nations also tended toward the South American model. As expeded, cultural similarity
outweighed geographicd similarity with resped to Italy and Mexico and the People’s Repullic
of China, the latter more dosely resembling the formerly Communist courtries in Southeastern
Europe than its Far Eastern neighbas. Interestingly, Canada more dosely resembled the
developed nations of the Far East than it did the United States. Perhaps due to being isolated by
water, Icdand and Ireland dd na resemble Western and Northern Europe & much as other test
courtries from the region dd, including nonaligned Switzerland. (The United Kingdam, as part
of the cre training set, had already haed its charaderistics incorporated into the knowledge base.)

5 Discussion of Results and Future Resear ch

The results from these initial experiments have been encouraging. A few simple operations have
generated results that were interesting and sometimes unexpeded. The discovered knowledge
showed evidence that would confirm some hypaheses abou the curtries of the world, while
providing evidencethat contradicted athers.

Clealy, this has not been anything rea an exhaustive seach through the data, but rather an
initial foray into arich areaof knowledge. We intend to progressto experiments with new and
larger sets of data from this database, and also to work with similar data from other sources.



Courtries from other parts of the world such as the Midd e East, Sub-Saharan Africa South Asia,
Oceania and the Caribbean can be incorporated into future work.

We dso plan to begin constructing and working with derived attributes that may be better suited
toward pdnting ou patterns in the data, and start to incorporate tempora fadors by including
data taken from different yeas and wsing statisticad and madine leaning-based programs to
determine which yeas and dfferentials thereof have the greaest potential for leading ws to
interesting dscoveries.

INLEN is also growing, and as such will contain more tods for different forms of knowledge
discovery. From the aurrent version d the system, which can be gplied to larger data sets than
before, further expansion is taking dace Operators are being added for attribute seledion and
construction, for example seledion, for discovering relationships within the knowledge base, for
knowledge representation and wse by dedsion trees, and for statisticd processng. The entire
system is being aso converted into a platform-independent tod that will allow for dired
interadion with more databases.

The results described here provide further suppat to the hypahesis (Michalski et al, 1992) that
a tod such as INLEN can be used for making dscoveries in data by nonexperts in the data
domain. By puiting a robust knowledge discovery tod whase operation can easily be leaned
into the hands of domain experts, the experts will be &le to condwct wide or narrow seaches
through ditabases in order to make discoveries that they will findinteresting and important.
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