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CENSSYS - A System for Analyzing Census-Type Data 

Jan Oldervoll* 

T h e very first census of Norway was t aken in t he 1660ies. Th i s census 
c o n t a i n s only the ma le popu l a t i on . T h e s a m e is t rue for t he next census , in 
1701. In 1769 i t was decided to coun t t h e w o m e n as well . Th i s t ime the 
local au thor i t i e s were asked to m a k e the tables for the i r own area , and only 
submi t t ed those . T h e g o v e r n m e n t m a d e t h e final statistics based on those 
aggregates . T h e s ame was t rue for t h e five censuses in t h e per iod 
1815 1855. In 1801, 1865, 1875, 1891 a n d every 10th year from 1900 on­
w a r d , t h e r e are regular censuses wi th an increas ing n u m b e r of var iab les on 
every ind iv idua l in the coun t ry . 

At t h e His to ry d e p a r t m e n t , Univers i ty of Bergen, t h e census of 1801 was 
pu t i n to t h e m a i n f r a m e . T h e da tabase consis ts of records on 879 020 in­
d iv idua ls . At the s a m e ins t i tu t ion , most of the 1660-material was put in to 
the c o m p u t e r as well . T h e project is not yet f in ished. 

At t he wor lds n o r t h e r n m o s t univers i ty , Tromso , the re is an ins t i tu t ion 
called RHD, or Registreringsseniralen for historiske data (Norwegian Hi­
storical Data Arch ives ) . T h e i r main objec t ive is to m a k e the censuses of 
1875, 1891 and 1900 ready for c o m p u t e r analysis . They have f inished ap­
p rox . 1 mi l l ion records . O t h e r ins t i tu t ions has put some h u n d r e d t h o u s a n d 
records on disk. All together , t he re are close to 3 mi l l ion records on indi­
v iduals in c o m p u t e r s of Norwegian h i s to r ians . T h i s is a vast source of 
knowledge about Norwegian his tory. It has been used by a variety of p e o p ­
le, bu t m o r e by family h i s tor ians , local h i s to r ians , schools and by people 
general ly in teres ted in the i r past than by professional scientists . 

T h e m a i n reason for th is is that the f o r m e r is con ten t with unre f ined 
mate r i a l (lists), wh ich is easily m a d e , whi le t h e scientists wan t to do the i r 
own analysis . 

T h i s can be d o n e . T h e r e are p r o g r a m s to do i t on the m a i n f r a m e s in 
Bergen a n d Tromso , but not wi thou t p r o b l e m s . Few h is to r ians seems to 
cope with t h e m a i n f r a m e s , even if they seem to do well on the i r PC ' s . Most 
of t he p r o g r a m s were wri t ten in t he late 70ies, and may be i nconven ien t by 
today 's s t andard . A n d if you are s i tuated in a different ins t i tu t ion than the 
da ta , t he re may be nobody to ask when you have t roub le . T h e old systems 
seem to have a too high a l ea rn ing ba r r i e r . A n d for most peop le t he so­
lu t ion seems to be , do wi thou t it. Th i s is a negat ive so lu t ion . 

* Address all communications to Jan Oldervoll, University of Bergen, Dept. of 
History, N-5007 Bergen Universitet, Norway. 
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T h e r e a re a posi t ive solution as well . We can m a k e the ba r r i e r d rama­
tically lower. But then we have to m a k e a complete ly new system for ana­
lyzing census data . To do this , there are a few requ i r emen t s that have to be 
fulfilled: 

- T h e system has to run on a standard PC, engined by any th ing from a 
8088 and upwards . Even if m a n y people have a 80286 or even 80386, 
t he re are still a lot of 8088 and 8086 a r o u n d , and will be for qui te a few 
years . 

- T h e system should use a minimum of disk space. T h e r e are m a n y 
reasons for th is . O n e is that people always run out of space on the i r 
h a r d disk. O n l y data al lowed to stay on the disk p e r m a n e n t l y or can 
used or loaded from a single floppy, will be used. Very often, you even 
saves t ime by reduc ing storage. To move data be tween disk and me­
m o r y ( I / O ) is a very t ime c o n s u m i n g tasks in most appl ica t ions . 

- T h e system should be very easy to run. You shou ldn ' t have to have 
fo rmal ins t ruc t ion or s tudy k i lograms of d o c u m e n t a t i o n to use the 
system. 

- T h e system should be able to run all censuses: You should not have to 
learn a new system every t ime you change census . 

- T h e system should do whatever you want to do to a census . Th i s goal is 
difficult to reach . But it is m o r e impor t an t to reach for t he stars t han 
actual ly get t ing the re . 

These could be called t rad i t ional r equ i rement s . I have still ano the r . 
Before hav ing a closer look at that one , a few words on how a census is 
used is necessary. 

A census is a descr ipt ion of a society. As everybody knows, a society is a 
ex t remely complex s t ruc ture , while a census is a fairly s imple one . A 
census is con ta in ing in format ion on a society, but only an inf ini tesimal 
par t of all in format ion possible on that society. People is reduced to a 
n a m e , an age, an occupat ion and a few m o r e var iables of the kind. Inter­
act ion between people is reduced to w h o is l iving with who , and w h o is the 
son of w h o . A truly e n o r m o u s reduct ion! 

To m a k e statistics based on a census, you need to code it. 1 the 1801 
census of Norway, the re are approx . 50,000 different ways of expressing 
wha t occupat ion an individual had . To m a k e sensible statistics, those have 
to be reduced to a few dozens or a few h u n d r e d . T h e r e are t h o u s a n d s of 
ways to express that a person is a Husmann(cottager). By coding you may 
reduc ing th is to one . You may loose the fact that he also may have d o n e 
some f ishing. Even different spell ing of the same word may carry infor­
m a t i o n . Some H u s m a n n is spelled H u u s m a n n , with a doub le » u « . I t could 
be tha t t he one 's with doub le has a h igher social s t and ing that the one 's 
w i thou t . Cod ing is a n o t h e r vast reduct ion of i n fo rma t ion . 
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Cross tabula t ion is a f requent statistical analysis of census da ta . Even 
t abu la t ion is a reduc t ion of i n fo rma t ion . If you m a k e an age by civil s ta tus 
t ab le , you loose the in fo rmat ion on occupa t ion for the ind iv idua ls b e h i n d 
t h e f igures in t he cells of the tab le , which may be vital . Or , if you find a 
female b i shop in a sex by occupa t ion table , is th is a sensat ion or is it a 
typ ing e r ro r? F r o m a table you have no way of knowing . 

You can say tha t m a k i n g statistical analysis is a step-wise reduc t ion of 
i n f o r m a t i o n . A n d what has been taken away is gone forever . In most sy­
s t e m s it is c u m b e r s o m e to say the least to have a look at the ind iv idua l s 
b e h i n d a cell in a table . It is my s incere convic t ion that it is ex t remely 
i m p o r t a n t to do so. 

My th i rd r e q u i r e m e n t is that from every step in the process from census 
to tab le , you should be able to t race back to t he census . W h e n you code you 
shou ld be able to see wha t t e r m s h ide be tween the code for cottager, or you 
cou ld even look a t in format ion abou t t he indiv iduals with tha t code . W h e n 
you m a k e a table , i t shou ld be possible to open a w indow w h e r e you can 
look at t he ind iv idua ls be long ing to every cell. 

In shor t , I want a system that is easy to use, compac t , fast and w h e r e the 
different levels of the census ( text , codes and table) is in tegra ted . I h a v e 
no t found any c o m m e r c i a l p roduc t s that even c o m e close to t he fulfilling 
of my d e m a n d s . I t has to be wr i t t en . 

W h e n you are going to m a k e a new system, the most i m p o r t a n t th ing is 
to m a k e an efficient data s t ruc tu re . A n d efficiency must be m e a s u r e d ac­
c o r d i n g to wha t you are going to do . If you are going to find a par t i cu la r 
record , the fastest way to do is p robab ly to have an index-sequent ia l data 
s t ruc tu re of some k ind . But if you wan t to m a k e a cross table, you don ' t 
need any indexes , and a regular sequent ia l file would as fast. A n d fastness 
is only one par t of efficiency. C o m p a c t s torage is ano the r . Index-sequent ia l 
files are disk consuming . If the m a j o r task is to m a k e tables, it is be t te r to 
have a sequential file, and pay the price when you once in a whi le a re 
sea rch ing for a cer ta in record. 

D e p e n d i n g on the data , the pr ice does not have to be too h igh . In the 
coded data , t he value of every var iab le consis ts of a single in teger . O n e 
ind iv idua l consists of a fixed n u m b e r of integers , cons t i tu t ing a vector. 
T h e whole census can be in te rpre ted as a matrix. Copying the ma t r i x in to 
t he m e m o r y and searching it for a cer ta in va lue is an ex t remely fast task. 
But it can be speeded. In a m a c h i n e , a ma t r ix is not stored as a ma t r ix , but 
as a n u m b e r of vec tors cha ined o n t o each o ther . T h e logical way to s tore a 
census , is to s tore the mater ia l as cha ined vectors each c o n t a i n i n g a pe r son . 
If you wan t to search for occupa t ion , you have no need of any of the o the r 
var iab les , and you are c o n s u m i n g m u c h t ime mov ing unnecessa ry data 
i n to R A M . If you s tore t he data as vectors con t a in ing all the values of a 
s ingle var iab le . T h e vector will then h a v e as m a n y d imens ions as the n u m -
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ber of pe rsons in t he census . T h e census will then be stored as vectors 
cha ined together , one for every var iable . Th i s very s imple remedy will save 
a cons iderable a m o u n t of t ime , and m a k e it possible to search tens of 
t h o u s a n d of ind iv idua ls per second on a regular AT. If you want to m a k e a 
cross table, you save as m u c h , because you only have to read the var iables 
used. A s imple , bu t ex t remely efficient r emedy . 

To conserve even m o r e space, a n d I / O t ime , one can even pack data . Sex 
only needs one bit of s torage, age 7 bi ts , and bo th can be stored in one byte . 
If t he r e are 100,000 pe r sons in the census , the re are 100,000 bytes of sto­
rage saved. A n d t he r e are o ther var iables where you can save. 

Th i s is a s imple , very compac t and from ext remely to m o d e r a t e fast way 
of s tor ing coded da ta . 

I t would n ice if o n e could do the s a m e with the text version of the 
census . O n e could s tore it as a text ma t r ix , m a n y systems does, but th is is a 
disk and m e m o r y c o n s u m i n g way of do ing it, because you would h a v e to 
m a k e room for t he m a x i m u m length of the var iable . But if one r e tu rns to 
the coded version for a m o m e n t , the re is text involved in that one as well . 
W h e n a person has occupat ion 18, the n u m b e r 18 po in t s to l ine 18 in a 
code book , which m a y h a v e the text » F a r m e r « . The code book may or may 
not be in t he m a c h i n e . If one m a d e a large code book that con ta ined every 
single term occurr ing in t he census , the census could consist of po in te r s to 
th is »code book« , or list of t e rms . In tha t way every var iable could be 
reduced to 2 bytes per pe r son , and they could be nicely organized, l ike in 
the coded vers ion. It would probably take some th ing like 1/5 or 1/10 of 
the space, c o m p a r e d to a regular text file. T h e compac tness r equ i remen t is 
fulfilled. 

In addi t ion the re is the list of t e rms . But since very many t e r m s are 
repea ted very m a n y t imes in a census, and we only have to store it once in 
a list, th is list does not take m u c h space. In fact, even for a large area, it is 
s tored p e r m a n e n t l y in R A M . To find a person called H a n s , would be to 
search the list for the word » h a n s « . This is done in fract ions of a second. 
T h e next step would be to find all po in te r s po in t ing to Hans : My AT can 
search close to 100,000 records per second, if t he data is in R A M , 40,000 if 
they must be fetched from the hard disk. In most cases, th is is acceptable . 
A n d if it should be to slowly, the re are technics that could speed it consi­
derably . T h e pr ice to pay is some m o r e disk storage. I have not as to yet 
found i t wor th whi le . 

N o w we have a very compac t data s t ruc ture , which is essentially the 
s ame for bo th text a n d coded vers ions of the censuses. The s t ruc ture con­
sists of a list of t e r m s and a set of po in te rs to list. All p r o g r a m s r u n n i n g on 
the text version can also run on the coded version. T h e coded version is in 
fact a text vers ion w h e r e t he text has been reduced to those t e r m s defined 
by t h e code book . 
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W h a t can we do with th is data : 

- It can be searched . But sea rch ing can be d o n e in different ways. O n e is 
wha t I call b l ind search. You ask the c o m p u t e r to find for e x a m p l e the 
person Oluff Lauritzen. T h e p rob lem is that h is n a m e can be wr i t ten 
in m a n y ways, for e x a m p l e Ole Larsen. You can neve r be sure that you 
found the r ight pe r son . A be t te r way is to present you a list of all first 
n a m e s in your area , a n d let you choose a m o n g them. Pe rhaps you 
choose Olaf, Olaff, Olav, Ole and Olufj. T h e n you can ask for a list of 
last n a m e s . T h e n you will get only t he last n a m e s of the pe r sons wi th 
t h e first n a m e s you have chosen , wh ich should be a r a the r small list. 
H e r e you can have look at the pe r sons wi th the last n a m e of Larsen 
a n d Lauritzen, or you can choose them and ask for a n o t h e r var iab le , 
for e x a m p l e age, and then look a t pe r sons wi th in t he r ight age span . 

- You can code it. Cod ing is col lect ing g roups of t e r m s and giving t h e m 
t h e s a m e charac ter is t ics , giving them a code. Th i s is done easily jus t by 
c h a n g i n g po in te r s . Whi l e t h e Husmann's in the text vers ion have poin­
te rs po in t ing to a lot of t e r m s all m e a n i n g Husmann, th i s a re all chan­
ged to the po in te r po in t i ng to the term Husmann. Th i s can be d o n e by 
the s ame p r o c e d u r e tha t a re doing the sea rch ing . Sea rch ing and coding 
is t he same th ing , seen f rom the user ' s po in t of view. Th i s helps m a k e 
the p r o g r a m easy to use. 

- By keeping the old p o i n t e r as well, it is very easy u n c o d e bo th a var iab­
le, a term or a single pe r son . T h e only th ing to do is to change back to 
the old po in te r . Th i s is easy to do technical ly , but also for the user . 

- At all the t ime you can also see the pe r sons that hide b e h i n d a term or 
b e h i n d a code. You even get the household he l ives in. This is d o n e jus t 
by push ing a key. 

- You can m a k e a subset. Peop le l iv ing in a cer ta in area , hav ing a cer ta in 
n a m e or cer tain occupa t ion or wha teve r . T h i s i s done by the same 
p rocedu re as search and code p rocedu re . Easy to use . You can pr in t a 
subset , copying it to a file or use it for fu r the r analysis . 

- You can m a k e cross tables . You can tabula te text version or coded 
version as you wish. You can edit the table , and wr i te i t to p r in te r or 
disk. You can even open a w indow in each cell , looking at the indivi­
dua ls b e h i n d the figures, a n d even m o v e them from the cell to ano the r . 
Th i s is a very i m p o r t a n t charac ter i s t ic of the system. 

- T h e tables can be m a d e based on the coded vers ion , but also on the text 
vers ion as well . In mos t cases, the text-based tables are very large, but 
o therwise they b e h a v e l ike a table based on the coded vers ion. You can 
even m a k e your coding direct ly in the table . T h i s is useful if you do not 

want a permanent coding. 

- There should be powerful statistical and graphic tools in the system. I 
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am not going to m a k e them for the t ime be ing . Instead, 1 am going to 
m a k e good interfaces to packages . 

Wha t about the future? In my op in ion , the most impor t an t task is to 
m a k e good l ink ing capabil i t ies to l ink in format ion from several censuses. 
T h e data s t ruc ture is very good for tha t type of task. To l ink, you need a 
coded, or s tandard ized version of the census . T h e s tandard iza t ion may be 
d o n e b e f o r e h a n d or whi le the p r o g r a m is r u n n i n g . T h e safest is to do i t 
be fo rehand , and my system has the capabi l i t ies . To do l inking you need a 
compac t data s t ruc ture because there are so m u c h data to consider . You 
need good searching capabil i t ies . My system has it. M a k i n g good record 
l inkage system should not be too difficult, and I hope to do it. 
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