
DISCUSS'ON 

Rcbe~t ~ Teitel, TEITEL DATA SYSTEMS 

I ,  INTRODUCTION 

In essence~ both papers relec~ the experience of 

~wo seasoned analy:ers of l a r g e  and c o m p l e ~  

social science d a t a  coliections:~ an~ enumerate 

the potential problems to be faced by a neophyte 

in attempting to gain useful information from 

surveys as  !argo and comple~ ~s the Survey of 

income and Program Participation (S!PP). 

in any discussion of database s?stems, there must 

be a clear distinction between the logical model 

(data structures and manipulation iangua~e~ and 

the physical model ~stora~e structure and access 

methods}. The logical model is ~he use~ 

conception of the structure of the data and the 

l a n g u a g e  f o r  m a n i p u l a t i n g  t h e  d a t a ~  t h e  ~ a I  

model consists of the ac~uai, machine-oriented, 

storage structures and access me~hods used to 

implement the logical-model. See figure ~. 
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F i a u r e  I Logical ~nd Physical Models of D a t a .  

[I USER VIEWS OF STATISTICAL DATA 

AIi database systems and even mcst statistical 

packages are now RELATIONAL systems -- at least 

a c c o r d i n g  to t h e i r  promotional m a t e r i a l !  

Wh~t is the relational model? :s it useful for 

statistical systems? if not, why no: and what is 

better~ These a r e  some of the questions we will 

address in this section 

T h i s  p a D e r  w i l l  a d d r e s s  some of t h e s e  i s s u e s  i n  
t h e  c o n t e x t  of t h e  SIFP  d a t a  c o l l e c t i o n .  T h e r e  

e x i s t  a p l e t h o r a  of o v e r l a p p i n ~  t e r m s  to  d e s c r i b e  

t h e  s i m p l e  c o n c e p t s  of a l o g i c a l  m o d e l  The  o n e s  
u s e d  h e r e  a r e  in  g e n e r a l  common u s e  within t h e  

computing science database r e s e a r c h  :~mmunity, 

albeit h e r e  placed in a statistical data environ- 

ment. A logical model consists of three basic 

components: a conc e_.QtuaI schema or ~onceDtua! 

d e s c r i R t i o n  of t h e  d a t a  of i n t e r e s t  to  an a n a -  
l y s t ,  often with a set of =onsisten~y rules, a 

mechanism to c r e a t e  a subschema or user view of 

t h a t  d a t a ,  and  a Ia~-_~_uaRe w i t h  w h i c h  to  p e r f o r m  
the necessary data manipulations to answer user 

q u e r i e s  a g a i n s t  t h e  d a t a .  The  R e l a t i o n a l  Mode l  i s  

s t r u c t u r e ,  and  so much I a r g e r  i n  s i z e .  

an e x a m p l e  of a l o g i c a l  m o d e l .  O t h e r  common 
m o d e l s  a r e  t h e  H i e r a r c h i c a l  Mode l  and  t h e  N e t w o r k  
M o d e l .  S e e  any  m o d e r n  d a t a b a s e  m a n a g e m e n t  t e x t ,  
s u c h  a s  ~ M a r t i n  i975~  W e i d e r h o l d  1983~ or  D a t e  
~ 9 8 1 ) ,  

The  R e l a t i o n a l  M o d e l ,  p r i n c i p a l l y  d e f i n e d  i n  

(Codd $ 9 7 0 )  and  e x t e n d e d  i n  (Codd  ~ 9 7 9 ) ,  c o n s i s t s  
of < I )  a c o l l e c t i o n  of [ t i m e - v a r y i n g ]  t a b u l a r  

r e l a t i o n s ,  w i t h  a p p r o p r i a t e  d o m a i n s ,  k e y s ,  and 
n o r m a l i z a t i o n s ,  ( 2 )  i n s e r t ,  u p d a t e ,  a n d  d e l e t e  

i n t e g r i t y  r u l e s ,  and  (3} t h e  r e l a t i o n a l  a l g e b r a  

l a n g u a g e .  

In  a s e r i e s  of p a p e r s  ( T e i t e l  1 9 7 5 ,  1 9 7 7 a ,  1 9 7 7 b ,  
I 9 7 7 c ,  1982 )  t h i s  a u t h o r  h a s  d i s c u s s e d  t h e  r e l a -  
t i o n a I  m o d e l ,  i t s  u t i l i t y ,  a n d  i t s  f l a w s  w i t h  

r e s p e c t  t o  s t a t i s t i c a l  d a t a b a s e  i s s u e s .  I n  m o r e  

r e c e n t ,  u n p u b l i s h e d ,  w o r k i n g  p a p e r s  r e l a t i n g  t o  

t h e  S u r v e y  of I n c o m e  and  P r o g r a m  P a r t i c i p a t i o n  

< 5 I P P )  an E n t i t y -  R e ! a t ~ o n s h i p  or  E-R Mode l  h a s  
b e e n  u s e d .  The  E n t i t y - R e l a t i o n s h i p  Mode l  was  

p r o p o s e d  i n  < t h e n  1976 )  a s  s o m e w h a t  of a s u p e r -  

m o d e l ,  i n  t h a t  t h e  o t h e r ,  m o r e  c o n v e n t i o n a l ,  

m o d e l s  a r e  s u b s u m e d  by i t s  p r o p e r t i e s ,  and i s  
e x t e n s i v e l y  c o v e r e d  i n  (Howe 1 9 8 3 ) .  

B e f o r e  t u r n i n g  o u r  a t t e n t i o n  to  t h e  E n t i t y -  

R e l a t i o n s h i p  M o d e I ,  and  i t s  p o t e n t i a l  r o l e  i n  
s t a t i s t i c a l  d a t a b a s e  m a n a g e m e n t ,  i t  may be w o r t h  
n o t i n g  t h e  [ a l m o s t }  p r e s e n t  s t a t e  of  a f f a i r s  i n  

s t a t i s t i c a l  d a t a b a s e  m a n a g e m e n t .  I n  1 9 8 1 ,  a t  two 
s e p a r a t e  c o n f e r e n c e s ,  I i  d e v e l o p e r s  of s t a t i s -  

t i c a I ,  t a b u l a t o r y ,  and  d a t a b a s e  s y s t e m s  p r e s e n t e d  
s o l u t i o n s ,  b a s e d  on a c t u a l  c o m p u t e r  r u n s ,  t o  a 

common s e t  of d a t a  m a n i p u l a t i o n  p r o b l e m s  t y p i c a l  

of t h o s e  f o u n d  i n  a n a l y z i n g  a l a r g e  c o m p l e x  

s u r v e y .  The  b e n c h m a r k  p r o b l e m  d e f i n i t i o n s  a r e  

found i n  ( T e i t e i  1 9 8 1 a )  and r e p e a t e d  i n  ( T e i t e l  

1 9 8 1 b ) ,  and  t h e  r e s p e c t i v e  s o l u t i o n s  a r e  i n  
< R o b i n s o n  1 9 8 I ,  B r a g g  I 9 8 I  B u h l e r  1 7 8 I ;  N a g a r a  

and N o I t e  1 9 8 1  S c h m i t z  I 9 8 1 ,  J a c o b s  I981~  M e r r i t  
1981~ W e i s s  a n d  S t e v e n s  1981"  I l a c e r a  1 9 8 1  
M a n e s s  and  D i n t e l m a n  1 9 8 I a  F r y  1 9 8 1 ) .  The 
e n d - p r o d u c t  of e a c h  of t h e  d a t a  m a n i p u l a t i o n  
p r o b l e m s  was  a s i m p l e  c r o s s - t a b u l a t i o n .  F o r  on_.__ee 
of t h e  t a b u l a t i o n s  t h e r e  w e r e  f i v e  d i f f e r e n t  

r e s u l t s ,  a l b e i t  s e v e r a l  of t h e  e r r o n e o u s  t a b l e s  
w e r e  due  t o  " p r o g r a m m e r "  e r r o r ,  r a i s i n g  s e r i o u s  
q u e s t i o n s  on t h e  e f f i c a c y  of  c o n t e m p o r a r y  

s t a t i s t i c a l  and  d a t a b a s e  s y s t e m s  f o r  p r o c e s s i n g  
c o m p l e x  da~a" c o l l e c t i o n s  ( T e i t e I ,  1 9 8 2 b ) .  

k s t u d y  of t h e  s o l u t z o n  p r o c e d u r e s  f o r  t h e  b e n c h -  

m a r k  p r o b l e m s  r e v e a l s  t h a t ,  i n  g e n e r a l ,  t h e  l o g i -  
c a l  m o d e l s  e m p l o y e d  by t h e  v a r o u s  s y s t e m s  h a v e  

d i f f i c u l t y  i n  a t  l e a s t  o n e  of  t h r e e  a r e a s :  l a c k  
of a c o n c e p t u a l  s c h e m a  f o r  t h e  l e v e l  of  c o m p l e x -  

i t y  e x h i b i t e d  by t h e  d e s t r i b u t e d  d a t a  c o l l e c -  

t i o n s ,  l a c k  of f o c u s  on an  u n i t - o f - a n a l y s i s ,  or 
l a c k  of h a n d l i n g  of m i s s i n g  s t r u c t u r e  d a t a .  

The  d i f f i c u l t i e s  f a c e d  by t h e  v e n d o r s  of  t h e  
p a c k a g e s  w e r e  r e l a t i v e l y  m i n o r  c o m p a r e d  t o  t h o s e  
e x p e c t e d  t o  be f a c e d  by u s e r s  of t h e  5 I P P  d a t a ,  

f o r  t h e  l a t t e r  i s  so  much m o r e  c o m p l e x  i n  
W i t h i n  a c o h e s i v e  d a t a  c o l l e c t i o n  s u c h  a s  S I P P ,  
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Ill. THE ENTITY-RELATIONSHIP MODEL 

The Entity-Relationship or  E-R model consists of 

four major components, entities,, relationships, 

attributes~ and domains. 

An entity~ as used here, is a collection of 

simple observations of a =ommon object to be 

represented in the database, distinct from other 

~bjects in the database. Within 51FP, for 

e~ample, SAMPLE-HOUSEHOLD, PERSON, and PERSON- 

MONTH-WAGE-SALARY a r e  e n t i t i e s :  o b j e c t s  a b o u t  

which simple observations are stored in the 

d a t a b a s e .  O b s e r v a t i o n s  a r e  s ~ m p l e  w h e n  t h e  v a l u e s  

for each attribute (also called field or 

variable) consist of  a single numeric value or  

alphabetic string -- structures such a s  

repeating-groups a r e  no~ permissable within 

entities (The specific details of some ~ther 

rules to be followed in the definition of the 

entities within a data collection, called nor- 

malization, will be ignored in this presenta- 

tion.) Occurren:es of entities are usually 

displayed in simple tabular f o r m  -- t h e  r e c -  

t a n g u l a r  data structure common to data analysis. 

In statistical terms, a set cf properly nor- 

malized entities represent all lowest level 

units-of-analysis within t h e  data collection 

Other units-of-analysis are ~ossible, but t h e y  

are aggregations (oz selections) ~f the data 

contained in the normaiized entities. For 

eeample, within SIPP there might be a SAMPLE- 

HOUSEHOLD entity consisting of observations of 

the original s a m p l e  of households 

SAMPLE-HOUSEHOLD. 
÷-- + . . . . .  ÷ ~ ÷ . . . . . . .  + ÷ 

: p s u  : h h #  ' structure ' persons : s t a t e  ' . . : 

: 00~ : Ol " H - W " I ' NY : : 

123 : q5 ' H-W-CHs ' 4 : NM : 
÷ . . . . . . . . . . . .  ÷ 

+-- * . . . . .  ~ ~ + . . . . . . .  ~ . . . .  • 

F i g u r e  ~ E x a m p l e  c f  a s e t  c f  E n t i t y  C c c u r r e n c e s  

Unlv~riat~ ~n~ multivariate descriptive s ta t i s -  
ti:s, for example, could be presented for the 

SAMPLE-HOUSEHOLD e n t i t ~  in each i n s t a n c e  t h e  

"total n" would be the number of sample house- 

holds. Alternatively stated, t h e  unit-of- 

analysis is the SAMPLE-HOUSEHOL~ segment. 

One of the two reasons tc. ~eLermine the complete 

set of normalized entities withln a data coilec- 

Lion is precisely tc determine all possibie 

iowest level units-of-analysis 

The second r e a s o n  to determine zl! normalized 

entities within a data collection brings us to 

the second component of ~ur data model for SIPP, 

that is, the relationships. 

t h e  e n t i t i e s  do n o t  e x i s t  i n  i s o l a t i o n :  t h e r e  a r e  

a s s o c i a t i o n s  o r  r e l a t i o n s h i p s  b e t w e e n  v a r i o u s  

s e g m e n t s .  F o r  e x a m p l e ,  t h e  SAMPLE-HOUSEHOLD 

e n t i t y  s u r e l y  h a s  a r e l a t i o n s h i p ,  " c o n s i s t s - o f " ,  

w i t h  a PERSON e n t i t y .  T h e  PERSON e n t i t y  h a s  a 

r e l a t i o n s h i p ,  " e a r n s " ,  w i t h  a PERSON-MONTH-WAGE- 

SALARY e n t i t y .  F u r t h e r m o r e ,  s i n c e  e a c h  SAMPLE- 

HOUSEHOLD " c o n s i s t s - o f "  PERSONs a n d  m a n y  a PERSON 
" e a r n s "  PERSON-MONTH- WAGE-SALARY, t r a n s i t i v e  

r e l a t i o n s h i p s ,  s u c h  a s  t h a t  b e t w e e n  SAMPLE- 

HOUSEHOLD and PERSON-MONTH- WAGE-SALARY, can also 

be  d e f i n e d  f o r  t h e  S I P P  d a t a  c o l l e c t i o n .  

i n  i t s  s i m p l e s t  f o r m ,  a r e l a t i o n s h i p  i s  f o r m e d  

b e t w e e n  two  e n t i t i e s  by a s s o c i a t i n g  t h e  o b s e r -  

v a t i o n s  i n  o n e  s e g m e n t  t o  t h e  o b s e r v a t i o n s  i n  a n  

o t h e r  b a s e d  on a n  e q u a l  v a l u e  o f  a l i k e - n a m e d  

a t t r i b u t e  ( t e c h n i c a l l y ,  b o t h  a t t r i b u t e s  s h o u l d  

h a v e  t h e  s a m e  d o m a i n ) .  I n  t h e  r e l a t i o n a l  t e r m i -  

n o l o g y ,  t h i s  i s  c a l l e d  a n  e q u i - j o i n .  F o r  

e x a m p l e ,  c o n s i d e r  t h e  f o l l o w i n g  a b b r e v i a t e d  

e n t i t i e s ,  PERSON a n d  PERSON-MONTH: 

P E R S O N  PERSON-MONTH 
+ .... + ...... + .... + + .... + .... + ..... + ...... + 

" p #  : s e x  : . .  ; ; p #  ; m n t h ;  ms ~ t m y  ; 
. . . .  + . . . . .  + . . . .  ÷ ÷ . . . .  ÷ . . . .  ÷ . . . . .  ÷ . . . . . .  ÷ 

: O1 ' m : ~ p #  : O1 ~ O1 ; m a p  : 1 2 0 0  

: 1 3  : f : , .  ~ > - - ÷  : O l  : 0 2  : m a p  : 1 2 0 0  : 

' 07 : f : ; + - - > :  13 : 11 : s e p  : 9 0 0  

+ + . . . . .  + + ; : 0 7  : 1 4  : s o p  : 5 0 0  : 

+ - - > :  1 3  : 1 5  ; d i v  : 7 0 0  | 

+ .... + .... + ..... + ...... + 

f i g u r e  3 A R e l a t i o n s h i p  b e t w e e n  t w o  E n t i t i e s  

A r e l a t i o n s h i p  h a s  b e e n  d e f i n e d  b e t w e e n  PERSON 

a n d  PERSON-MONTH b a s e d  on  e q u a l  v a l u e s  o f  t h e  

common a t t r i b u t e  ' p e r s o n  n u m b e r ' ,  o r  p # .  T h e  

i l l u s t r a t i v e  a r r o w s  b e t w e e n  t h e  two  t a b l e s  

c o n n e ¢ ~  t h e  PERSON o b s e r v a t i o n  w i t h  p# = ' 1 3 '  t o  

t h o s e  o b s e r v a t i o n s  i n  PERSON-WAVE w i t h  p# = ' 1 3 ' .  

( T h i s  d e f i n i t i o n  o f  r e l a t i o n s h i p  c a r r i e s  n o  

i m p l i c a t i o n  a s  t o  t h e  o r d e r  o f  t h e  o b s e r v a t i o n s  

w i t h i n  t h e i r  r e s p e c t i v e  t a b l e s ~  t h a t  i s  " m e r e l y "  

an  i m p l e m e n t a t i o n  e f f i c i e n c y  i s s u e . )  

i n  t h e  E n t i t y - R e l a t i o n s h i p  m o d e l ,  t h e  r e l a t i o n -  
ships, such as that from PERSON to PERSON-MONTH 

a r e  both n a m e d  a n d  d i r e c t e d .  D a t a  s t r u c t u r e  

d i a g r a m s  c a n  be  c r e a t e d  f r o m  t h e  e n t i t i e s  a n d  

t h e i r  r e l a t i o n s h i p s  t o  r e p r e s e n t  ¢ I e a r l y  t h e  

c o n c e p t u a l  s c h e m a ,  o r  d a t a  m o d e l .  F o r  e x a m p l e ,  

F i g u r e  4 ,  n e x t  p a g e ,  s h o w s  t h a t  e a c h  PERSON 

" l i v e s "  a m u l t i p l e  n u m b e r  o f  PERSON-MONTHS, a n d  

t h a t  t h e  r e l a t i o n s h i p  i s  f o r m e d  v i a  t h e  c o m m o n  

attribute p # .  

A FAMILY s e g m e n t  w i l I  l i k e l y  h a v e  a " c o n t a i n s "  

r e l a t i o n s h i p  t o  PERSON, a n d  PERSON may  h a v e  a 

" b e l o n g s "  r e l a t i o n s h i p  t o  FAMILY,  b o t h  b a s e d  o n  

e q u a i  v a l u e s  o f  t h e  common a t t r i b u t e  ' f a m i l y  

n u m b e r '  o r  f # .  F i g u r e  K, n e x t  p a g e ,  s h o w s  t h a t  
e a c h  FAMILY " c o n t a i n s "  m u l t i p l e  P E R S O N s ,  a n d  

e a c h  PERSON " b e l o n g s "  t o  a s i n g l e  FAMILY. 

3 9 3  



: ' l l i v e s ~  ' PERSO].~ 

t PERSON :) ..... < > ..... >>~ HONTH . 

Figure 4 Sample Data Diagram Iilustrating a 

Relationship 

ibelongs~ 
+--( ~--÷ 

÷ + ~ \ f# / ~ ~ 

: :<--÷ + - < < '  t 

: FAMILY : ' PERSON ' 
: :>--+ +->,: : 

+ ~ ' Iccntains~ ' ÷ ......... + 
+--< .>-+ 

f# ! 

F i g u r e  5 Sample Data Diagram illustrztin~ Two 

Relationships between tw~ Entities. 

Some relationships, such as that b e t w e e n  PERSON 

and SELF-EMPLOYMENT-MONTH (a monthly self- 

employment e a r n i n g s  r e c o r d  w h i c h  reflects f a m i l y  

o p e r a t e d  e n t e r p r i s e s )  are " m a n y - t o - m a n y " ,  that 

i s ,  e a c h  S E - M O N T H  observation could belong to 

several PERSONS, and each PERSON could have 

several BE-MONTH observations. Such "man~-~o- 

many" relationships require explicit attributes 

within the relation- ship~ one or more for each 

segment to "relate to" In effect, many-to-many 

relationship are transitive t h r o u g h  the a t t r i -  

b u t e s  in the relationship For ezample, the 

Figure ~ diagram shows the many-to-many rela- 

tionships between PERSON and BE-MONTH through a 

r e l a t i o n s h i p  c a l l e d  " s h a r e " ,  

In effect, a new entity has been created, which 

could, in a statistical sense, become a unit-of- 

analysis. Though apparently not collected in the 

SIPP survey, a 'percent' 

could be used to study the distribution cf 

ownership of family held enterprises 

BE-MONTH 

a t t r i b u t e  of " s h a r e '  

WAGE-SALARY ÷ 

; P ~ : W # ;  ._ ; 

~; e a r n s  

PERSON /\ 

P E R S O N :  BE-MONTH: 

...... + owns owns + ....... + 

~ P # ; . . ' .  ~> ...... >> / share ~ >> . . . . . .  } ~ S E # :  . . . .  : 

; ; : < > ; ; ; 

; :< ...... << ~ P# : SE#I << ...... < ;  

÷ ...... ÷ owner owner + . . . . . . .  + 

Figure 6 Sample Many-to-many Relationships 

between two Entities 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Addin~ a few more entities from the SIPP data 

collection to those already mentioned above, the 

data diagram below represents some of the 

principal entities and relationships in that data 

collection. 

The data diagram permits one to write down 

explicitly the relationships between the 

entities~ For e x a m p l e ,  t h e  following c l o s e l y  

f o l l o w s  t h e  s y n t a x  u s e d  t h e  L i n k  a n d  S e l e c t o r  

Language (Tsichritzis I 9 7 6 ~  

i. LIVES: from PERSON to PERSON-MONTH on P# 

2. EARNS: from PERSON to WAGE-SALARY on P# 

3. BELONGS. from PERSON to FAMILY on P# 

4. CONTAINS from FAMILY to PERSON on F# 

5. O~NS: from PERSON t o  SHARE on P# 

to BE-MONTH on BE# 

6. OVNERS. from BE-MONTH to SHARE o n  BE# 

to P E R S O N  o n  P# 

The Relational Model of Data does not permit the 

explication of the links between entities as part 

of the conzeptual schema, such relationships 

are to be activated only when necessary for the 

r e s o l u t i o n  o f  a specific q u e r y .  

The Entity-Relationship Model calls f o r  the 

espii=it identification of the known relation- 

ships between entities; and permits the creation 

of new relationships when necessary in the 

conduct of a research task using a l a r g e  and 

complez data collection such as SIPP. 

V I .  R E F E R E N C E S  

Due t o  space limi!ations, t h e  references cited 

in the t e x t  are not presented here. Instead the 
following single reference is likely to contain 

all the citations made in this discussion. 

TEITEL, Robert F. (1985) "Statistical Databases 

and Statistical Database Managment", E!p~ceed:inqs 

of the first Annual Research Conference, U.S. 
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