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In essence. both papers relect the experience of
twa seascned analyzers of large and complex
social science dats colieciions, and enumerate
the potential problems to be faced by 3 neophyte
in attempting to gain useful informaticn from
surveys as large and complex 3s the Burvey of
Income and Program Participation (SIPP}

In any discussion of database systems, there must
be a clear distinction between the logical model
idata structures and manipulaticn ianguage:’ and
the physical model ‘sterage siructure and access
methods). The Jogical! model is the users
conception of the siructure ¢f the datz and the
language fer manipulating the data. the physjical
model consists of the acival. machine-sriented,
storage structures 3nd zccess methods used to

implement the logical medel. See figure 1
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USER VIEWS OF STATISTICALZ DATA

All database systems and even meost statistical
packages are now RELATIONAL systems -- at least
according to their promctional material:

What is the relational model? 15 it useful for

statistical systems? If not, why not; and what

better? These are some of the guestions we will
address in this section

15

This paper wiil address some 5f these :ss5ues in
the contaxt of the SIFP data czllection There
exist a plethora of overlapping terms to describe
the simple concepts of a Icgical model The ones
used here are in general common use within the
computing science database rasearch community.
albeit here placed in a statistical datsa environ-
ment. A Icgical model consists of three basic
components: a gonceptual schema or gconceptual
dest interest to an ana-
iyst, often with 2 set of consistency rules, a
mechanism to create 3 suybschema or user view of
that data, and a language with which to perform
the necessary data manipulatiens tc answer user
queries against the data. The Relational! Model
structura, and so much larger in size.

is

DATA SYSTEMS

an example of a logical model. Other common
models are the Hierarchical Model and the Network

Model. See any modern database management text,
such as (Martin 19735, Weiderhold 1983; or Date
1981

The Relational Model, principally defined in
¢Codd 1970) and eztended in (Codd 1979), consists
of {1) a collection of {time-varyingl tabular
relations, with appropriate domains, keys, and
nermalizations, (2) insert, update, and deleta
integrity rules. and (3) the relational algebra
language.

In a series of papers (Teitel 1973,
1977¢, 1982) this author has discussed the rela-
tional! model, its utility, and its flaws with
respect to statistical database issues. In more
recent, unpublished, working papers relating to
the Survey of Income and Program Participation
{81PF) an Entity- Relationship or E-R Model has
been used. The Entity-Relationship Model was
proposed in {(Chen 1974) as somewhat of a super-
model, in that the other, mere conventional,
models are subsumed by its properties, and is
axtensively covered in (Howe 1983).

1977a, 1977b,

Before turning our attention to the Entity-
Relationship Mcdel, and its potential role in
statistical database management, it may be worth
noting the {alimost}! present state of affairs in
statistical database management. In 1981, at two
separate conferences, 11 developers of statis-
tical, tabulatory, and database systems presented
sclutions, based on actual computer runs, to a
cemmon set of data manipulation problems typical
of those found in anaiysing a large complex
survey. The benchmark problem definitions are
found in (Teitel 1981a) and repeated in (Teitel
i981b), and the respective solutions are in
‘Robinson 198t, Bragg 1981, Buhler 1981, Magara
and Nolte 1981, Schmitz 1981; Jacobs 19B1; Merrit
1981. Weiss and Stevens 1981, llacera 1981;
Maness and Dintelman 198ta, Fry 1981). The
end-product of each of the data mamipulation
problems was a simple cross-tabulation. For one
of the tabulations there were five different
resulis, albeit several of the erroneous tables
were due to "programmer” error, raising serious
guestions on the efficacy of contemporary
statistical and database systems for processing
complex data collections (Teitel, 198207,

% study of the solution precedures for the bench-
mark problems reveals that, in general, the logi-
cal models employed by the varous systems have
difficulty in at least one of three areas: lack
of a conceptual schema for the level of complex-
ity exhibited by the destributed data collec-
tions, lack of focus on an unit-of-analysis,
lack of handling of missing structure data.

or

The difficulties faced by the vendors of the

packages were relatively minor compared to those

expected to be faced by users of the SIPP data,
for the latter is so much more complex in

Within a cohesive data collection such as SIPP,
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i1l  THE EMTITY-RELATIONSHIF MOGDEL

consists of
relationships,

The Entity~Relationship or E-R mode!l
four major components, entities,
attribvtes. and domains

Bn entity. as used here, is a collection of
simple observations of a common cbiect to be
represented in the database, distinct from other
objects in the database. Within SIFP, for
ezxampie, SAMPLE-HOUSEHOLD, PERSON, and¢ PERSON-
MONTH-WAGE-SALARY are entities: objects about
which simple observations are stored in the
database. Observations are simple when
for each attribute falso called field or
variable?! consist of a single numeric value or
alphabetic string -- structures such as
repeating-greups are not permissable within
entities (The specific details of some nsther
rules to be followed in the definitien of the
entities within a data collsction, called nor-
malization, will be ignored in this presenta-
tion.) Occurrences of entities are usually
displayed in simple tabular form -- the rec-
tangular data structure common to data analysis.

In statistical terms, a3 set c¢f properly nor-
malized entities represent all Iowest level
pnits-of-analysis within the data collection

Other units-of-analysis are possible, but they
are aggregations (o1 selections: cf the data
contained in the normaiized entities. For

egpample, within SIFP there might be a SAMPLE-
HOUSEHOLD entity consisting cf observations of
the original sample of households
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Tigure Z: Egample cf a set of EZntity Cccurrences

Unjvasriata snd multivariate descriptive statis-
tizs, for examplse, conld be presented for the
SAMPLE-HOUSEHOLD entity; in sach instance the
"total n" would be the number of sample house-
holds. Alternatively stated, the unit-of-
analysis i5 the SAMPLE-HOUSEHOLLD segment

Cne of the two reasons t¢ deiermine the complets
set of normalized entities within 3 data collec-
tion is5 precisely tc determine 21! pessible
lowest level units-of-analysis

The sezond reascn *to Jdetermine 21! neormalized
entities within a data collection brings us to
the second component of cur data mode! for SIPP,
that is, the relationships

the values

the entities do not exist in isolation: there are

associations or relationships between various
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segments. For
entity surely
with a PERSON

example, the SAMPLE-HOUSEHOLD

has a relationship, "consists-of",
entity. The PERSON entity has a
telationship, “"earns”, with a PERSON-MONTH-WAGE-
SALARY entity. Furthermore, since each SAMPLE-
HOUSEHOLD “"consists~-of" PERSONs and many a PERSON
“earns” PERSON-MONTH- WAGE-SALARY, transitive
relationships, such as that between SAMPLE-
HGUSEHOLD and PERSON-MONTH- WAGE-SALARY, can also
be defined for the SIPP data ceollection.

in its simplest form, a relationship is formed
between two entities by associating the obser-
vations in one segment to the observations in an
other based on an equal value of a like-named
attribute (technically, both attributes should
have the same domain). In the relational termi-
noicgy, this is called an equi-jein. For
example, consider the following abbreviated
entities, PERSON and PERSON-MONTH:

B
Lowa
n

b ———— o+ H

kh relationship has been defined between PERSON
and PERSON-MONTH based on equal values of the
common attribute 'person number', or p#%. The
illustrative arrows between the two tables
connect the PERSON obhservation with p# = ‘13*' to
those observations in PERSON-WAVE with p#& = "13°'.
{This definition of relationship carries no
tmplication as to the order of the observations
within their respective tables,; that is "merely"
an implementation efficiency issue.)

In the Entity-Relationship model, the relation-
ships, such as that from PERSON to PERSON-MONTH
are both named and directed. Data structure
¢iagrams can be created from the entities and
their relationships to represent clearly the
conceptual schema, or data model. For example,
Figqure 4, next page, shows that each PERSON
“lives” a multiple number of PERSON-MONTHS, and
that the relationship is formed via the common
atiribute p¥.

A FAMILY segment will likely have a “contains"
refationship to PERSON, and PERSON may have a
"belongs"” relationship to FAMILY, both based on
equal values of the common attribute ‘family
number' or f#. Figure 5, next page, shows that
each FAMILY “contains” multiple PER5ONs, and
esach PERSON “belongs” to a singie FAMILY.
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Figure 5: Sample Data Diagram Illustrating Two

Relationships between twz ILntities.

Some relationships. such as that between PERSON
and SELF-EMPLOYMENT-MONTH (2 monthly self-
employment earnings r=cord which reflects family
operated enterprises) are "many-to-many", that
is, each SE-MONTH observation could belong to
several PERSONS, and each PERSON could have
several SE-MONTH observations. Such "many-ifo-
many" relationships require esplicit attributes
within the relation- ship. one or more for each
segment to “"relate to” In effect. many-to-many
relationship are transitive thrcugh the attri-
butes in the relationship For azample, the
Figure 6 diagram shows the many-fc-many rela-
tionships between PERSON and SE-MCNTH through a
relationship called "share".

which
Eecome a unit-of-

In effect, a new entity has been creatad,
could, in a statistical sense,
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batween two Entities

Adding a few more entities from the SIPP daia
collection to these already mentioned above,
dats diagram below represenis some of the
principal entities and relationships in that data
collaction.

the

The data diagram permifts one to write down
explicitly the rejationships between the
sntities. for sxample, the following clesely
fecilows the syntaz used the Link and Selector
Language (Tsichritzis 1976}:

LIVES
EARNS:
BELONGS
CONTAINS:
OWNS -

irom PERSON to PERSON-MONTH on P#
from PERSON to WAGE-SALARY on P#
from PERSON to FAMILY on P#%

from FAMILY to PERSON on F#
from PERSON to SHARE on P3%

to SE-MONTH on SE#
from SE-MONTH to SHARE on SE#
to PERSON on P#

[ S

& . OWNERS.

The Relational Model of Data does nmnot
explication of the links between entities as part
2f the conmceptual schema; such relationships

are to be activated only when necessary for the
resolution of 3 specific query.

permit the

The Entity-Relationship Model calls for the
erplicit i1dentification of the known relation-
ships between entities; and permits the creation
5f naw relationships when necessary in the

analysis. Though apparently not ccllected in the conduct of a research task using a large and
SIPP survey., a ‘percent’' attribote nf “share! compleg data collection such as SIPP.
could be used %o study the distribution cf
ownership of family held entercrises VI _REFEREMCES
WAGL-S5ALARY: +-vwomcmmeaa + Jue to space limitations, ithe references cited
PR IWH) ; in the tezt are not presented here. instead the
: ' foilowing single reference is likely to comtain
B it e + all the citations made in this discussion.
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Figure 7: Scme of the Frincipal Entrties ani Relationships in SIFF
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