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�eface 

The Committee on Populat ion and Demography was 
establ ished in Apr il  1977 by the Nat ional Research 
Counc il , in response to a reques t  by the Agency for 
Internat ional Development (AI D )  of the u. s .  Depar tment o f  
S tate . I t  was widely felt by those concerned that the 
t ime was r ipe for a detai led rev iew of levels and trends 
of fertil i ty and mor tal i ty in the developing world . 
Although most people in the demograph ic commun ity agree 
that mortal i ty has decl ined in almost all developing 
countries dur ing the last 30 years , there is unce r ta inty 
a bout more recent changes in mor tal i ty in some countr ies , 
about current levels of fer t i l i ty , and about the 
existence and extent of recent changes in fer t i l i ty .  

I n  1963 , a Panel on Populat ion Problems of the 
Committee on Science and Public Pol icy of the Nat ional 
Academy of Sc iences publ ished a report ent itled The 
Growth of World Populat ion . The appointment of that 
panel and the publ icat ion of i ts report we re express ion s 
o f  the concern then felt by scient ists , as well as by 
othe r informed per sons in many countr ies , about the 
impl icat ions of populat ion trends . At that t ime , the 
mos t  consequent ial trend was the pronounced and 
long-cont inued acceleration in the rate of increase of 
the population of the world and especially of the 
population of the poorer countr ies . It was es tima ted in 
196 3 tha t the annual rate of increase of the global 
populat ion had reached 2 percent , a rate that , i f 

x i  
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cont inued , would cause the total to double every 3 5  
years . The dispropor tionate contr ibut ion of low-income 
areas to that accelerat ion was caused by rapid decl ines 
in mor tal ity combined with h igh fer til ity that rema ined 
almos t unchanged : the birth rate was nearly fixed or 
decl ined more modestly than the death rate . 

S ince the ea rlier repor t ,  however , the peak rate o f  
g rowth i n  the world ' s  population has apparently been 
passed . A dramatic decl ine in the birth rate in almos t 
a l l  the more developed countr ies has lowered the i r  
aggregate annual rate of increase to well below 1 
percen t ,  and the peak rate of increase has also 
apparently been passed in the less-developed par ts of th e 
world as a whole . A sharp decl ine in fer t i l i ty in many 
low- income areas has more than offset the generally 
continued reduction in the death rate , although the rate 
of population increase remains h igh in almos t all 
less-developed countr ies . 

The causes of the reduc tions in fer t i l i ty--whe ther 
they are the effect pr imar ily of such general changes a s  
lowered infant mor tal i ty , increas ing educat ion , urban 
rathe r than rural res idence , and improving s tatus of 
women or of such par t icular changes as spread ing 
knowledge of and access to efficient methods of 
contraception or abor t ion--are s trongly deba ted . There 
are also divergen t views of the appropr iate national and 
i n terna tional pol icies on populat ion in the face of these 
changing trends . The d ifferences in opin ion ex tend to 
d i fferent beliefs and asser tions about what the 
populat ion trends really are in many of the 
less-developed countr ies . Because births and deaths are 
recorded very incompletely in much of Afr ica , As ia , and 
La tin Amer ica , levels and trends of fer tility and 
morta l i ty mus t be estimated , and disagreement has a r i sen 
in  some instances about reasonably reliable methods for 
est imating those levels and trends . 

I t  was to examine these questions tha t the Committee 
on Populat ion and Demography was establ ished w i thin  the 
Assembly of Behavioral and Social Sciences of the 
Na tional Research Council . I t  was funded for a pe r iod of 
three yea rs by AID under Contract No. AID/pha-c-1161 . 
The Commi ttee has under taken th ree major tasks : 

1 .  To evaluate ava ilable ev idence and prepare 
est imates of levels and trends of fer t i l i ty and mor tal ity 
i n  selected developing na tions ; 

xi i 
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2 .  To improve the technologies for estimating 
f e r t i l i ty and mor tal i ty when only incomplete or 
inadequate da ta exi s t  ( includ ing techniques of data 
collection ) ; 

3 .  To evaluate the factor s determining the changes in 
b i r th rates in less-developed nations . 

G iven the magni tude of these tasks , the Committee 
dec ided to concentrate i ts initial efforts on the f i r s t 
two tasks ; i t  initiated work on the third task in  1979 . 

The Committee approaches the f i r s t  tas k through 
c a reful assessment , by internal and external compar i son , 
and through analys is , by appl icat ion of me thods j udged to 
be the mos t reliable , of all the data sources ava ilable . 
Each of the country s tud ies the refore cons ists of the 
appl icat ion of a range of methods to a number of data 
sets . Es timates of levels and recen t trends are then 
developed on the grounds of thei r  cons istency and 
plausibility and the robustness of the ind ividual me thods 
f rom wh ich they we re der ived . 

The Committee ' s  second task , refinement o f  
me thodology , is seen as a by-product o f  ach iev ing the 
f i r s t . The appl ication of par t icular methods to many 
d i f ferent data sets from d i f ferent countr ies and 
refe r r ing to d i f ferent time per iods will inevitabl y 
prov ide valuable information about the practical 
functioning of the methods themselves . Par ticular data 
s e ts might also requ i re the development of new 
methodology or the refinement of exist ing techn iques . 

In carrying out i ts f i r s t  task , the Committee set 
three c r i teria  for iden t i fying countr ies to study in 
deta i l : that the country have a populat ion large enough 
to be impor tant in a wor ld view ; tha t there be some 
unce r tainty about levels and recent trends of fer t i l i ty 
or mor ta l i ty ;  and that suff icient demographic data be 
ava ilable to war rant a deta iled study . Af te r  a country 
has been selected for de ta iled study , the usual procedure 
i s  to set up a panel or work ing group of expe r ts , both 
nat ionals of the country and others knowledgeable abou t 
the demography and demographic s tatistics of the 
country . The role of these panels and wor k ing groups ,  
which generally include a t  leas t one Committee member , is 
to ca r r y  out the compar i sons and analyse s requi red . A 
small s ta f f  ass ists the Committee , panels , and work ing 
groups in  the i r  work . 

As of early 1981 , 162  population spec ial ists , 
includ ing 89 from developing countr ies , have been 

x i i i  
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involved in the work of the Commi ttee as members o f  
panels o r  work ing groups . The Commi ttee , the Assembly , 
and the National Research Counc il  are grateful for the 
unpaid time and effor t these experts have been will ing to 
g ive . 

As par t  of the second maj or task , and g iven the 
impor tance of data collect ion in estimating fer t i l i ty and 
mor tal i ty ,  the Commi ttee es tabl ished the Panel on Data 
Collection , cha ired by William Seltzer , a membe r of the 
Commi ttee . The spec i f ic obj ec t ive of the Panel on Data 
Collection is to ass i s t  the Committee on Population and 
Demography in developing recommendat ions for improv ing 
and s tandard i z ing techn iques for estimating fer ti l i ty and 
mortal i ty levels ,  trends , and pa tterns in developing 
nat ions . To thi s end , the panel has focused on method s 
o f  improving the accuracy , cove rage , timel iness , and 
reliabi l i ty of such est imates through improvements in the 
collect ion of underly ing data . 

Th is repor t is  No .  4 in a ser ies produced by the 
Committee . I t  is the f i rs t  repor t from the Panel on Data 
Collection . The report reviews the data and conclus ions 
o f  s tud ies of age misrepor t ing errors , age-selec tive 
underenumeration , and the interv iew process regard ing the 
collect ion of informa t ion on age . The repor t also 
rev iews techniques used to detect distortions in repor ted 
age distr ibut ions , and i t  describes typical patterns of 
d i s tor tion and how these d i s tortions a f fect demog raphic 
e s t ima t ion procedures . 

Age misrepor t ing i s  only one type of response error 
that a r i ses in data collect ion processes . Othe rs includ e 
underrepor ting and misdat ing of vi tal events , inaccurate 
repor t ing of informa tion on individual and household 
characte r i s t ics , and the fa ilure to include requ ired or 
reques ted information . Age misrepor ting is troublesome , 
a nd surpr is ing to some non-demographers . However ,  other 
survey and census var iables--for example , income--often 
have even larger er rors . More is known abou t age 
mi srepor ting than abou t the er rors in most othe r 
v a r i ables used in survey research--in par t  because the 
problem has been s tud ied , albe i t  not as extens ively as 
many users of demographic data would want , and in par t  
because age has several favorable features tha t  mos t 
o ther va r iables lack : ( 1 )  i t  increases linearly wi th 
t ime , and hence s trong model ing poss ibi l i t ies exi s t ;  ( 2 ) 
much i s  known about age , through cer t i f icates and 
r i tuals , for example ; ( 3 )  it cor rela tes to some exten t 
w i th vis ible body features ; ( 4 )  age is not as socially 
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1 Introduction 

Any demog rapher wor k ing w i th data from developing 
coun tr ies has heard s tor ies abou t the grey-ha ired old 
lady in Ind ia (or Niger ia , or Per u )  who repor ts that she 
is absolu tely sure she is e i ther 25 or 69 years old . 
Al though age mis repor ting , in th is form and many other s , 
has plagued demographers for centur ies , s tud ies that 
document the extent and nature of such repor t ing problems 
are few and far between . In the late 1960s , two books  
were  publ ished that la id the methodolog ical founda t ions 
for studying fer t i l i ty and mortal ity in populat ions for 
which rel iable vital stat ist ics are not ava ilable . These 
milestone books--Manual IV : Methods of Es timat ing Bas ic 
Demograph ic Measures from Incomple te Data ( Un i ted 
Nat ions , 1967 ) and The Demography of Tropical Afr ic a 
( Brass e t  al . ,  1968 ) --both included extens ive d iscuss ion 

of the pa tterns of age misr epor ting that are common in  
developing countr ies . 

S ince then , the bas ic methods of es t imat ing fer t il i ty 
and mor tal i ty rates from census and s ingle-round survey 
data have been improved and new s imilar methods have been 
introduced . Howeve r ,  l i ttle progress has been made 
toward updating our unders tand ing of patterns of age 
mi srepor ting and age-selective unde renumeration . Ther e 
have been two s tud ies of the interview process , wh ich 
provide some ins ight into the source of the er rors. 
( Quand t ,  197 3 ;  Gibr i l , 197 9 ) ; several attempts to measure 

age misrepor ting e r rors (Caldwell , 1966 ; Scott and 

1 
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Sabagh , 1970 ; Caldwell and Igun , 197 1 ;  Gil  et al . , 1971 ; 
G ibr i l ,  1975 ; MacDonald et al . ,  1978 ; Piaon , 1979 , 1980 ) ;  
and a few attempts to measure the age-sex pattern of 
underenumerat ion (for developing countr ies : Pa r k , 1966; 
for the Un i ted Sta tes : Mar ks , 1978 ; Marks and Rumford , 
1 9 78 ) . Th is repor t reviews extens ively the data and 
conclus ions of these stud ies . However ,  these efforts to 
i ncrease our knowledge of the causes of distor tions in 
repor ted age d istr ibut ions have been small in compar ison 
to the oppor tun i t ies . 

For example ,  two recent s tud ies of age miarepor ting 
( Ueda , 1976 ; Kampa , 197 6 )  use only such gross indexes of 
misrepor t ing as the Wh ipplea index and the U . N .  indexes , 
wh ich measure the smoothness of the age distr ibut ion . 
They make no attempt to explain the patterns in terms of 
s table populat ion analys is , census surv ival , or 
d is tort ions in othe r distr ibut ions (such as the 
d istr ibution of women by par i ty or ma r i tal status ) . 
S imilar ly , several recent pos t-enumerat ion stud ies of age 
misrepor ting and underenumerat ion have prov ided some 
interest ing new data , however they have rarely been 
tabulated in ways tha t help us unders tand why 
misrepor ting occurs or how i t  affects est imation 
procedu res . 

I t  appears that demographers have dec ided tha t 
distor ted age d istr ibutions are someth ing we will have to 
learn to l ive with .  The maj or effor ts at remedy ing the 
situation have been a imed at improving the des ign of 
quest ionna ires ,  pr imar ily through the use of histor ical 
events calendars , which are used to help respondents date 
events . (The append ix evaluates in deta il exper ience in 
us ing such calenda rs . )  Unfor tunately , the use of these 
calendars is relat ively expensive and the evidence of 
the i r  effectiveness suggests that the results they 
ach ieve are not wor th the pr ice , except possibly for 
children . 

Chapter 2 of this repor t reviews what  is known about 
the sources of age misrepor ting , including respondents ' 
i gnorance , interviewer bias , and even simple data 
processing error s .  Chapter 3 reviews the techniques tha t 
can be used to study distort ions in repor ted age 
d istr ibutions that are due to age misrepor ting and to 
age-selective underenumerat ion . I t  includes discussion 
of pos t-enume ration surveys , which have been conducted a t  
g reat expense i n  several developing countr ies ,  a s  well as  
stable population analys is and census survival 
techn iques , wh ich are vir tually free and underutilized . 
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I t  also compares the results from some of these studies 
by applying both s table populat ion analys is and census 
survival techn iques to data tha t have been adjusted for 
underenumerat ion and age misrepor t ing . 

Chapter 4 d iscusses ou r cur rent knowledge abou t the 
patterns and amount of age misrepor ting and 
underenumeration and emphasizes the impor tance of paying 
more attent ion to age- and s ex-selective 
underenumeration . Although it appear s  that ag e 
m isrepor t ing is probably the larger problem , select ive 
underenumeration is also s ign ifican t and may be somewhat 
easier to el iminate and to measure . 

Chapter 5 examines what i s  known abou t how distor tions 
in reported age distr ibutions affect est ima t ion 
procedures and suggests a few approaches for fu tur e 
r esearch . This analys is suggests that age misrepor ting 
may set l imi tations on some of the Brass procedures for 
estimat ing fer t i l i ty and mor tal i ty ,  which are so widely 
used in demograph ic analysis . 

To date , the constraints of cross-cultural compar ison 
and the smal l  number of studies that d i rectly address the 
problems make it d ifficult  to general ize con f idently 
about the causes and effects of age misrepor ting and 
age-selective underenumeration .  However ,  the ava i lable 
ev idence does suggest some promising avenues for fur ther 
i nvest igat ion . The final chapter recommends d i rections 
for future research and suggests analytical approaches 
that may prove especially fru i tful . The recommendat ions 
include mak ing new tabulations of existing data , 
r eviewing the distor tions in the 1970 round of censuses , 
and dupl icating a few of the more useful stud ies in 
d ifferent social se ttings . There is reason to bel ieve 
tha t a sl ight redi rection of cur rent research on the 
causes of the d istor tions in repor ted age dis tr ibut ions 
can produce pract ical new approaches to dealing with 
inaccurate data . 
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2 Sources of 
Age Misreporting 

An understand ing of the sources of age misrepor t ing is a 
prerequ i s i te to improv ing age repor ting and to adjusting 
for the effects of mis repor t ing dur ing data analys i s . 
Errors in age reports can occu r at  many s tages of the 
data collect ion process , and the remed ies and adjustments 
requ i red depend on the source and the nature of the error .  

The whole process of data collection is a imed a t  
collecting cer tain pieces o f  information and transmi tting 
them to punch cards or computer tape wh ich can be used 
for descr iptive tabulations and analysis . When the data 
collect ion depends on interviews , it is assumed tha t the 
person be ing interviewed has the information the 
r esearcher needs . The interview process is des igned to 
extract the needed informa tion and record i t . Th is f i r s t  
r ecord is  often coded , reviewed for internal consistency , 
keypunched , and checked aga in for consistency before i t  
r eaches the form in which i t  will be used by the analyst 
(cards , computer tape , or publ ished tables ) . 

Us ing this concept of the data collection process , we 
have d iv ided the discussion of sources of age 
misrepor t ing into four par ts . The first sect ion rev iews 
the types of d irect knowledge about age that an 
interviewee might have to offer . The second sec tion 
descr ibes other information the interviewee might have 
that  can be used to est imate age if it is not known 
exactly . The thi rd section rev iews the interview process 
and the problems of extract ing the informat ion and using 

4 
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it to supply answers to the ques tions on the interview 
form . The fourthsect ion reviews br iefly the k i nds of 
error that can a r i se in the course of transfe r r ing the 
informat ion from interv iew forms to computer cards or 
tape . 

THE KNOWLEDGE OF AGE 

I n terviewees generally have some knowledge about their 
age , although it may be non-nume r ic . The knowledge 
r anges all the way from exact age or exact date of b i r th 
to the vagues t of generalizations (for example , •old 
e nough to have grandch ildren• ) . Most problems of age 
misrepor t ing begin with the interviewee ' s  ignorance of 
exact numbers . Th is takes two forms: ignorance of one ' s  
own age and ignorance abou t the ages of others about whom 
ques t ions are asked . 

The Problem of Proxy Repor ting 

In a household interv iew , there is frequen tly one 
respondent who suppl ies the maj or i ty of the information . 
I n  societies in wh ich one ' s  own age is not impor tant , the 
ages of others may seem even less impor tant . In the i r  
discussion of age repor t ing in a Niger ian survey , 
Caldwell and Igun (19 71129 2-29 3 )  report tha t  even though 
the interviewers were instructed to see all persons in 
each household , the only age-sex groups in wh ich a t  leas t 
5 0  percent of the persons repor ted the i r  own age were 
males aged 15-4 4 and females aged 15-19 . In all other 
g roups the repor ted age was based in the major i ty of 
cases on the repor ts of a th i rd party or on interviewe r 
estimates . Although it is not reasonable to expect 
infants to report the i r  own age , it is  disturbing to 
learn tha t the age repor ts about middle-aged women are 
often based on the opin ion of •a more l i terate neighbor 
or a nephew who tr ies to be helpful . •  Quand t ' s  study of 
transcr ipts of interviews from the 1971 Moroccan census 
repor ts that of those aged 15 and ove r , 4 5  percen t had 
their ages repor ted by other ind ividuals withou t the help 
of reg istra tion cards or documents (Quandt , 197 3 : 64 ) . 

This fai lure to der ive the information on age from the 
person mos t apt to have useful knowledge is clearly one 
source of error . Agarwala has stud ied age repor ting in  
the Mysore su rvey in Ind ia ( 1960 ) in which several 

. .... .:.. 
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me thods of est imating ages were tes ted . He compared the 
amount of dig i t  preference among ever-marr ied persons for 
two es timates of age: ( 1 )  age repor ted by the head of 
household and ( 2 )  age repor ted by the indiv idual 
h imsel f .  The repor ts of the household heads led to a 
value of 0 . 91 on the Myers index of dig it  preference , 
whereas reports by the individuals had an index of only 
0 . 7 5 .  The d i fference was larger for males (0 . 9 8  as 
compared to 0 . 7 2 )  than for females (0 . 8 6 and 0 . 79 ) , wh ich 
i s  surpr is ing because for males who are household heads 
the two repor ts should be equal . The data , based on 
r epor ts from 46 mar r ied couples , show that there might be 
a slight tendency for the household head to repor t a 
h igher age for an ind ividual than would the individual . 

Unce rta inty in Firs t-Person Reports 

Al though interviewing th ird par t ies often yields 
unrel iable est ima tes of an individual ' s  age , ask ing the 
i nd ividual di rectly does not necessar i ly improve the 
est imate . In societies in wh ich birth reg istration i s  
uncommon and i n  wh ich exact ages a r e  not impor tant , ther e  
i s  often a fundamental lack of knowledge about age . Th is 
was clearly expressed by one Moroccan woman in th is 
exchange with a census enumerator (Quandt , 19 7 3 : 45 ) : 

•What is your age?• 

•Who me? Our generation was unrecorded . we 
didn ' t  have any . No date of birth . Noth ing . •  

•now many (year s ) , how many? Es tima te?• 
•now am I going to es t ima te ?  I have noth ing to 

e s t imate wi th .  I can tell you that I am 60 years r 
70 I haven ' t  yet reached . •  

•nave you reached so?• 
•I don ' t  think so . Someone who is 80 is • • •  • 
•You who s t ill have energy , you are 10 .• 
•Perhaps tha t , perhaps it i s  cor rect , s i r . •  

Quandt found many such express ions that ind icated the 
respondent ' s  awareness of his or her own ignorance of 
exact ages . Phrases such as •I don ' t  know ,• •perhaps ,• 
and •he migh t be • • •  • were found in the responses of 69 
percent of the households in her sample ( 1 9 7 3 : 4 5 ) . 
Gibr i l  reports exactly the same types of express ions i n  
h is s tudy of record ings o f  census interviews from Gambi a  
(Gibr il , 1979 : 30 ) . I t  appea r s , therefore , tha t a large 
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par t  of age misrepor ting is due to respondents ' ignorance 
of exact ages and dates and that this problem is 
compounded by thi rd-par ty repor ts of age . 

� The informat ion respondents do have about age takes 
many d ifferent forms . In some cases i t  is based on b i r t h  
r eg istration cards or other offic ial documents that 
prov ide a t  least an est imated age for the person a t  some 
spec ific date in the past . Th i s  might include school 
reg istration documents , work pe rmits , or v illage reg iste r  
books . 

S uch sources of informat ion were very impor tant in 
Morocco . Quandt ' s  reports show that people often 
r esponded to the age questions by search ing for official 
documents (Quandt , 1973 : 45 ) : 

•How old is (your wife ) ?• 
•wa i t , I will look for he r identity card . •  
•you don ' t  have a paper for her ?• 
•Who do I wor k  for , that I would be able to have 

papers? Look ,  s i r , in these papers if there is 
someth ing • • • 

As in th is case , many respondents seem to take refuge in 
the official forms , frequently r efus ing even to repor t 
t he age and g iving the enumerator the document to read 
for h imself . Although these forms may be of questionabl e 
val id i ty ,  they at least provide some bas i s  for an 
est imate . Since e r rors in age estimation increase with 
age (as i s  demonstrated in Chapter 5 ) , guesses about age 
made at an earlier date may be more rel iable than new 
estimates . 

Documents that provide age est imates can be very 
misleading , especially when the documents can be valuable 
to the bearer for such thing� as obtaining Social 
Secur i ty benefits or defer r ing a military draft . �r 
example , one doctor in a developing country was convinced 
he could document a case of a woman who had delivered a 
baby when she was 6 5  year s  old . Although thi s  is  
poss ible , i t  i s  far more l i kely that the woman ' s  birth 
cert ificate is incorrect . �r this  reason i t  may be 
useful for inte rviewers to make a note of where and when 
the documents were issued . Documents may be incorrect 
due to del ibe rate falsification of informat ion by the 
r espondent or s imply due to uncertainty or lack of 
knowledge at the time the document was prepared . This i s  
more li kely to be a problem when the document represents 
delayed registration of the event or when proxy repor ting 
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is  involved . For example , a aan obta in ing a household 
r eg istration booklet may be asked the age of his wife . 
If he replies •don ' t  know ,• the clerk may guess: the aan 
i s  40 , so his wife may be 30 . If the registrat ion 
occur red in 1977 , the year of the wife ' s birth is 
r ecorded as 1947 in the bookle t .  Future data collectors 
may be shown the booklet when ask ing for age informat ion . 

In some cases the respondent appears to know his or 
her date of b i r th exactly , but only in terms of a 
c�lendar d ifferent from the one the interviewer uses . 
For example , in some Ch inese soc ieties , many ind iv idual s 
can g ive the i r  exact date of birth accord ing to the 
trad it ional Chinese calendar bu t cannot repor t the i r  ag e 
a t  last birthday accord ing to the Western calendar (Seng , 
1959 J Saw , 1967 J Cho , 1 9 71 ) . Quandt reports tha t in 
Morocco some respondents could give the ir  date of birth 
in Islamic months and years . 

A recent study of fer t i l i ty and mor tal i ty in South 
Korea by Coale et  al . ( 1980 : 37-40 ) demonstrates that the 
failure to conver t  from the Ch inese calendar to the 
Western calendar dur ing the 1970 census led to 
d istort ions in the s ingle-year age distr ibut ion . The 
reason for the distortions is that some Chinese year s  
i nclude 12 lunar months wh ile special •leap• years have 
13 months . The s i tuation becomes even more complicated 
when d ifferent events are repor ted by the same per son 
us ing d ifferent calendar s  ( Scott and Singh , 1980 : 37 ) . 

A s imilar s i tuat ion ex ists when respondents can repor t 
the exact date or number of year s  s ince an age-rela ted 
event in the i r  l ives . �r example , Scott and Sabagh 
report that in Morocco men often can repor t the number of 
t imes they have observed Ramadan (1970 : 102 ) . S ince th is 
practice i s  celebrated annually beg inning a t  pube r ty ,  
this informat ion can be combined with an est imated age a t  
pube r ty to estimate cur rent age . 

Blacker (196 5 )  invest igated a s imilar s i tuat ion in 
Kenya where some tr ibes have elaborate circumcis ion 
ceremon ies . Although ind ividuals rarely can g ive the 
exact year in wh ich they were c i rcumcised , they usually 
can repor t the name g iven to the i r  circumc i s ion g roup . 
Since only one group is c i rcumc ised each yea r , i t  i s  
poss ible t o  cons truct a convers ion table relat ing the 
names of the c i rcumcis ion g roups to Wes tern calendar 
years . Us ing an estimated age a t  c i rcumcis ion , these 
group names can serve as age grades , which make it 
poss ible to estimate age for ind ividuals . Although 
Blacke r  found the method relatively rel iable , he points 
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out that not all tr ibes have these customs and that local 
convers ion tables would be needed for each small a rea . A 
s imilar ins t i tution--the Gambi an kafo , or childhood 
playgroup--was used to estimate age in the Medical 
Research Counc il ' s  study of several villages in Gamb i a  
( G ibr il , 1 9 75 : 7 ) , and Pison h a s  used circumcis ion dates 
in Senegal (1980 ) . 

In add i tion to provid ing information about such 
age-related events as puber ty r ights , ind ividuals 
generally can provide some informat ion about the i r  
approximate age at the time of a spec i f ic even t .  Fo r 
example , when asked her age in relat ion to a par t icular 
event , one Gambian woman repor ted , •ay then , I was a 
small g i r l• (Gibr i l ,  1979 : 38 ) . It is th is k i nd of 
informa tion that jus t i f ies us ing local calendar s  of 
h istor ical events to help est imate ages . In a less 
formal way , some respondents use the i r  own personal 
calendar of events to est imate the ages they repor t . For 
example ,  in the Moroccan census one man r epor ted that a 
farm labore r  living with h im was 5 3 yea rs old because he 
knew that the man was 30 year s  old when he came to work 
on the farm and that he  had been there 23  years (Quand t ,  
197 3 : 47 ) . 

Some respondents can provide informa t ion only about 
relat ive ages within small commun it ies . In a few 
soc iet ies , where there are str ict rules regarding the 
forms of address to be used when speak ing to anyone who 
i s  olde r , it is reasonable to expect tha t  such repor ts of 
relative ages a r e  generally accurate . In a study of a 
g roup of :Kung bushmen of the Kalaha r i ,  Howell ass igned 
each member of the study population an age that was 
cons istent with both the informa t ion on relat ive ages and 
with an age d istr ibution est imated from stable population 
analys is (Howell , 1979 : 24-42 ) .  

Clear ly ,  in  many societies there are people who do not 
k now the i r  own age or date of bi r th ,  however most have 
some informa tion that would be useful in estima ting the i r  
age a t  some point i n  the past .  One approach to 
collecting more accurate age data is to des ign survey 
ques tions that elicit some of th is incomplete knowledge 
of age . 

I NDIRECT PROCEDURES FOR ESTIMATING AGES 

In add i t ion to exact knowledge of age and informa t ion 
a bout relative ages or a person ' s  age at some t ime in the 
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past , there is information that can be used to estimate 
age indirectly . The .oat important information of thi s  
sort relates to the l i fe stage of a n  individual , for 
example: can a child walk yet , baa a girl had her f irst 
menstrual pe r iod ,  has a young woman or man been marr ied 
yet , do they have children , do they have grandchildren , 
etc . All of these questions attempt to locate the 
i ndividual with in a natural sequence of life events that 
generally occur dur ing a relatively f ixed period of a few 
years of age . For example , in .ost developing countries 
the mean age at menarche is 14 or 15 years . Therefore , 
any g i rl who has had he r f i r st pe r iod is probably at 
least 14 . 

In format ion of th is type apparently is used by 
interviewers whether or not they are instructed to do 
so . For example , Quandt quotes an extens ive d iscuss ion 
between an interviewer and a local off icial about whethe r 
a woman with a 13-year-old ch ild could be as young as 27 
(197 3:56-57 ) .  The discuss ion revolves around the i r  
perceptions of the age a t  which women get marr ied and the 
earl iest age at wh ich women bear children . Clear ly , 
interviewers use such characteristics and vis ible s igns 
of age to determine when a repor ted age is apt to be 
unrel iable . 

Although us ing data on mar i tal status and par ity might 
be the s implest way to get a reasonable estimate of ages , 
e specially ages of young adults , it is not necessarily 
advisable . As we will see later , th is approach causes 
g rave diff iculties when the data are also used to study 
mar r iage and fer t i l i ty .  I f  par ity and mar i tal s tatus are 
used to estimate age , then look ing at mar i tal status or 
par ity as a function of age involves ci rcular logic and 
provides no real information about marriage or 
ch i ldbearing. 

In add i tion to creating problems for analys is , us ing 
par i ty and mar i tal status leads to distor tions in the 
reported age d istr ibutions . Caldwell and Igun ' s  stud ies 
( 1971:299 ) in Nigeria led them to conclude the following: 

There is a s ign i f icant tendency amongst 15- to 
19-year-old females for mar i tal and par ity 
cond i t ions to affect age enumeration . The s ingle 
have a somewhat greater chance of having the i r  age 
understated than overs tated , wh ile the marr ied are 
much more l i kely to have the i r  ages overstated . 
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Al though th is problem rarely has been documented 
carefully , other authors have repeatedly stressed that 
th is type of bias exists in age data from a number of 
societies, especially those in Afr ica and southern ASia 
( U . N . , 1967:21 ; Krotk i and Beaujot , 1975:355 ) .  

Agarwala ( 1960 ) tested approaches to age estimat ion 
that depend on repor ts of such things as du ration of 
mar r iage and intervals between births . FOr example , one 
s imple method of th is sor t  is to estimate the cur rent age 
of an ever-marr ied woman as the sum of her reported age 
at mar r iage and her reported duration of mar r iage . Th is 
e s timate might be more reliable than a s imple statement 
of age if the age at mar r iage in a population has a small 
variance and i f  the duration of marr iage can be repor ted 
relatively well.  There is reason to bel ieve that a good 
est imate of durat ion is poss ible , because the duration of 
mar r iage is frequently close to the age of the f i r s tborn 
child , which is eas ier to estimate than the age of the 
mother . Agarwala used several s imilar approaches for 
e s t imat ing the age of other members of the population and 
determined that such methods do produce repor ted age 
d istr ibutions with a lower U . N .  index of age misreport ing 
than that of s imple reports of age . However ,  he was not 
a ble to compare the accuracy of these reports with more 
rel iable estimates , such as those based on compar isons 
w ith b i r th cer t i f icates . 

THE INTERVIEW PROCESS 

In the two previous sect ions we d iscussed the k inds of 
information that are ava ilable to interviewers for 
determin ing a person ' s  age . The age that is actually 
recorded on the questionna ire depends on the type of 
i nformat ion the interviewer is trained to use , the 
methods he or she is  tra ined to apply , and the actua l 
procedures followed . I t  is impor tant to look separately 
at the techn iques that are recommended in training 
sess ions and the techn iques that interviewers actually 
employ . 

Quest ionnaire Design 

The f i r s t  question that faces the des igner of a survey 
questionna ire is whether to ask for reports of age or 
date of b i r th or both . Th is  dec is ion rests on a 
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determinat ion o f  which o f  the two facts the individuals 
are more apt to know or which they are apt to repor t more 
accu rately . Stud ies done in Ch inese soc ieties have shown 
that it is possible to improve age report ing by ask ing 
for date of birth according to the trad itional Ch inese 
calendar ( Seng , 1959 J Saw , 1967 J Cho , 1971)  and that it 
is imperative that the reporting system is clearly 
spec i f ied . Gray and Gee stud ied age report ing er rors in 
several censuses in England and Wales and concluded that 
ask ing for date of bi rth produces better results , with 
the poss ible exception of ch ildren (Gray and Gee , 
1 9 7 2:110 ) .  In the Un i ted States , evidence shows that 
as k ing for repor ts of both age and date of birth and then 
reconc il ing them for cons istency has led to d i f ferent and 
less severe patterns of digit preference in the reported 
age distribution . The 1980 census of the un i ted States 
included questions on both age and date of b i r th . 

In  their  r�view of age reporting in Tha iland , 
Chamratr ithi rong et al . (1978 ) discuss the Tha i tradition 
o f  us ing the •going-to• age (yang ) . The ir  s tudy revealed 
that in the 1960 census many people responded to the 
question on •age last birthday • with the ir age next 
b i r thday . Th is repor ting error compl icates compar ison s 
between the 1960 census and the 1970 census , wh ich asked 
for date of birth . In th is s i tuat ion it  is  clearly 
advisable to ask for date of birth , since i t  leads to 
less confus ion . 

When techn iques for est imat ing ages are recommended 
(e . g . , events calendar , use of par ity ,  etc . ) , it is 
impor tant that the quest ion asked matches the recommended 
techn ique . Some estimation techn iques produce estimates 
of  age and some produce est imates of date of bi r th . The 
recommended techn iques must be compatible with the 
question asked so that interviewers do not have to 
conver t  from one to the other , wh ich introduces an 
addit ional opportuni ty for er ror . For example , the 
General Repor t of the 1960 census of Ghana showed tha t 
the questionnaire asked for •age last birthday • because 
this  •could be wor ked out , i f  special efforts were made , 
by recourse to nat ional histor ical events , local events , 
family age relationships and other dev ices , and , as a 
last resor t ,  look ing at the respondent and guess ing h is 
age from his phys ical appearance • (Ghana Census Office , 
1 964:113 ) .  However ,  in a survey or census in which age 
repor ts are frequently based on birth reg istrat ion cards , 
work  permits , or civil reg istration books , ask ing for age 
instead of birth date requ ires the respondent or the 
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interviewer to calculate the age from the bi r th date , 
which introduces an unnecessary chance for error 
( Beaujot , 1977:15 ) . 

I n terviewers and Interviewing Practices 

After the decis ion has been made about which ques tions to 
ask and which methods to teach to the enumerators , 
accurate report ing depends on how well the enumerator s 
conduct the interviews . By compar ing the ages s tated in 
transcr ipts of the tape record ings of Gambian census 
interviews with the ages recorded by interviewers on the 
questionna i res , Gibr i l  concluded that 25 percent of the 
r espondents have had the i r  stated ages e i ther over- or 
understated by interviewers . He emphas i zes that these 
shi fts •represent only the d i fferences between the ages 
estimated at the interview and those recorded by 
interviewers . They therefore reflect the interviewer ' s  
influence in age recording . This  influence is qu i te 
separate from whatever influence the interviewer already 
might have had on the age estimated dur ing the interview• 
( 1979:63 ) .  After compar ing the reported age distribution 

with a s table model , he concluded that the evidence 
s uggests that • interviewers in recording ages ampl i fy the 
d istor t ions that are al ready present in the estimated 
ages • ( 1979:69 ) .  His study suggests that the enumerators 
in Gambia were more apt to influence the age of females 
t han males and that they tended to exaggerate the number 
of  women over age 20 . He suggests that th is bias is 
a lmost cer ta inly due to interv iewers ' rel iance on a 
woman ' s  par i ty as the basis  for estimating her age 
( 1979:69 ) .  

Estimat ing ages in a population of people who have 
l i ttle or no knowledge of the ir  age can be exceed ingly 
f rustrat ing . Any system of est imat ing ages can break 
down if the interviewers beg in to feel that it does not 
work or that it  is not wor th the effor t .  Gibr il reports 
that interviewers in Gambia tended to avoid the 
h istor ical calendars because they were d i f f icult to use 
and respondents were often unwill ing to cooperate 
( 1979:36 ) .  Scott and Sabagh also found this  problem in 

the first round of the 1961-1962 Multi-Purpose Survey in 
Morocco (1970:9 5 ) . 

There appears to be a tendency for enumerators to 
s tick to one method of estimating ages . The method they 
u se depends not only on the ir tra ining , but also on wh ich 
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method they think is the eas iest or  most rel iable . 
Quandt (1973:56 ) drew the following conclus ion from her 
stud ies in Morocco: 

There is some indicat ion that the enumerator ' s  
acceptance of the civil reg istration card or 
identif icat ion card as the correct age depended on 
the prevalence of cards in the area . Where civil  
r egistration cards were rare , there was a hes itancy 
to break the routine of g iving a number by reading 
a paper . Where cards were numerous , the rout ine 
procedure became that of reading the cards . 

Scott and Sabagh report witnessing an interview with an 
educated woman who clearly knew her age , however the 
enumerator ins isted on us ing an histor ical calendar to 
est imate he r age . His est imate was off by 15 years 
because of a confus ion between two events ( 1970:104 ) .  

Several WFS surveys have tested the use of an •even t 
char t •  to improve the repor t ing of dates of events by 
making i t  eas ier for the interv iewer to d iscover 
i ncons istenc ies among repor ted dates ( Scott and Singh , 
1980:34-35 ) .  By mark ing each event on a time line , the 
interviewer can visually check the intervals between 
b i r ths and compare the marriage history and the birth 
h istory . 

The strength of rout ine pract ices and the frustration 
of cons tantly facing the problem of getting age estimates 
i s  shown clearly in an interview reported by Quandt 
(197 3:122 ) :  A woman offers to get he r identity card 
be fore report ing her age . The interviewer is impatient 
and demands that she estimate her age . The woman 

responds , •An estimate is false . •  The interviewer 
repl ies , •That ' s  all , madam . We have a false est imate . 
We have made an estimate for [your husband] . You must 
g ive one for yoursel f .  Estimate and tell us your age . •  
Quandt concludes that •[the enumerator ' s] task i s  to f i l l  
in a form for each household in his d istr ict • • • •  H i s  
immed iate task is to have a number which can b e  recorded 
in the blank in front of h im • • • •  An enumerator ' s  
atti tude is one of expedience • ( 1973:5 4 ) ; 

Gibr il ' s  conclusion about the role of the enumerator 
is  more cha r i table . He concludes: •an the whole i t 
seems that interviewers do to some extent make an effor t 
to arr ive at ' reasonable ' ages • ( 1979:39 ) . In fact , some 
of Quandt ' s  examples show that the interviewers do 
a ttempt to get reasonable estimates , as in the case c ited 
above of the 27-year-old woman with a 13-year-old chi ld . 
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Although interviewers probably try to get a reasonable 
e st imate of each person ' s  age , they can also have a 
profound effect on the exact age that i s  repor ted . FOr 
example , Quandt reports many interviews in wh ich the 
enumerator suggested poss ible ages and the respondent 
merely picked one of the sugges ted ages ( 1973:45 , 47 , 
5 1 ) . In addition , she notes that the enumerators 
occasionally rounded the numbers that were repor ted , as 
in the case of a child who was •not ye t a year • be ing 
r ecorded as age 1 .  The following exchange shows how 
inflex ible enumerators can be ( 197 3:58 ) :  

•aow old is your mother?• 
• For ty-s ix. • 
•ror ty-f ive? • 
•For ty-s ix . • 
• Forty-f ive ; for ty-f ive or f i fty . • 
•Forty-f ive . •  

For some reason the interviewer has dec ided that this  
woman is not 46 and nothing the respondent says will 
change his  mind . 

A careful estimation of ages requi res t ime , 
f lex i b i l i ty ,  and patience on the par t  of interviewers . 
Train ing can eas i ly prov ide a battery of estimation 
techn iques and scheduling can offer time , bu t flexibi l i ty 
a nd patience are more d i f f icult to instill in 
inte rviewers . 

Since a large proport ion of age misrepor ting er rors 
a r ise through the interview process , the exact causes of 
e r rors and the ir nature depend heavily on the spec i f ic 
characterist ics of the populat ion and the survey . In 
par ticular , the training of interviewers , the ir  level of 
education , and the i r  abi l i ty to understand and pursue the 
i nterests of the researcher will sign i f icantly af fect the 
qual i ty of the data . For example ,  a recent study of the 
1 97 3  Tanzan ian census results (Ewbank and Hogan , n . d . ) 
shows that the most important factor in determining the 
smoothness of the age-structure was the educat ional level 
of the interviewer . (Some other ways in wh ich 
i n terviewers influence the qual i ty of the age data 
collected are discussed in the append ix . ) Although many 
r esearchers provide anecdotes about the interview 
process , only Quandt and Gibr il provide careful analyses 
of interviews . These two stud ies provide us wi th 
valuable information , although it is impor tant to 
r ecognize that they deal with only two cultures , two 
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censuses , and two sets of interviewers . I t  is therefore 
r isky to apply the ir  conclus ions to other cultures and 
other surveys . Howeve r ,  the i r  stud ies and the othe r 
research quoted above indicate clearly the wide var iety 
of potential sources of error . 

ERRORS INTRODUCED IN DATA PROCESSING 

Once the data have been collected they must be processed 
be fore analys is can beg in . At this stage there are 
several ways in wh ich errors can be made . Firs t ,  error s 
can occur any time the data are trans ferred from one form 
to another , for example , du r ing cod ing or keypunch ing . 
In the 1960 u.s. census about 10 percent of the 
undercount and 40 percent of the overcount were caused by 
data process ing er rors (Ste inberg , 1966 ) . Second , errors 
ar ise when missing values are replaced by s tatist ical 
procedures , as in attribution of characteristics , or when 
data-cleaning procedures reject individuals whose 
characteristics are in fact very d i f ferent from the 
norm . A third source of error is the loss of data or the 
spec ious inflation of data through double counting of 
some quest ionna ires , wh ich is not apt to affect the age 
d istr ibution because the errors introduced are random . 
Finally , errors can ar ise dur ing tabulation of the 
results . 

Although all four of these problems occur in almost 
every survey , there is l i ttle documentation of them .  Two 
s tud ies of data process ing errors in the u.s. censuses of 
1950 (Coale and Stephan , 196 2 )  and 1960 (Akers and 
Larmon , 196 7 )  have demonstrated bow process ing errors can 
distort analys is  even when those errors are very rare . 
Rare process ing errors are most important when they 
change the reported character istics of an individual so 
that he or she moves from a very large category to a 
small category . For example , in the 1950 u.s. census a 
s l ight error in keypunch ing could turn a wh i te ch ild of 
the head of the household into a male Indian . Although 
th is er ror occurred for only about one ten-thousandth of 
the whi te ch ildren of household heads , i t  was respons ible 
for the •creat ion• of 15 percent of the male Ind ians in 
the age group 10-14 (Coale and Stephan , 1962:344-5 ) .  
S imilar er rors in the 1960 census caused large 
propor t ional increases in other numer ically smal l 
categor ies . Although th is type of problem has rarely 
been documented , i t  probably is respons ible for some o f  
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the reports o f  very-h igh-pa r i ty women aged 15-19 tha t 
appear in many censuses from developing countr ies . For 
example , a common keypunch ing error--typing a • 1 •  in 
place of a • 4 , •  or vice versa--can trans form a 
47-year -old mother of s ix into an apparently ver y  
precocious 17-year-old . 

Another common error that ar ises dur ing data 
process ing is the confus ion of blanks and zeros . 
Although this is  a well-known problem , it still occurs .  
A s imilar problem can a r i se when a code for • un known • or 
• not reported • is acc identally included in the open-ended 
category .  FOr example , th is can happen with age when a 
code of 99 is  used to indicate persons whose age is 
unknown , a s imple processing error can include these 
observations in the last age group , for example , 7 5  and 
over . 

The bes t  way to reduce the ef fect of process ing errors 
is to use data-clean ing programs , des igned to spot 
i llegal codes and unreasonable combinat ions of 
var iables . However ,  despite the ir efficiency in dealing 
w i th large data sets , cleaning programs themselves 
introduce er rors . For example , there may be an 
1 8-year-old woman who has had four live births (perhaps 
two sets of twins ) . Th is is such an unl ikely occur rence 
that a data-cleaning program would undoubtedly e i ther 
replace her par i ty with an estimated value or mark the 
r ecord for reprocess ing . In  e i ther case this unusual 
observation might be los t .  A drawback o f  data cleaning 
i s  that it el iminates some real cases that are unusual 
but cannot ident i fy errors that create • typical • cases . 
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3 Methods for Detecting 
Errors in Reported 
Age Distributions 

Knowing that an age distribut ion is d istor ted and knowing 
exactly what the distor tions are consti tute two very 
d i fferent th ings . There are f ive basic approaches to 
detecting distortions in age data . The f i rst is to try 
to detect er rors in individual reports by reinterviewing 
ind iv iduals , poss ibly us ing improved age-est imat ion 
techn iques , or by match ing the responses of two 
independent surveys . A second approach is to compare the 
age repor ted by individuals in a survey with the age 
repor ted for those ind iv iduals elsewhere , for example , to 
make a case-by-case compar i son w i th c ivil reg isters or 
bi rth cer tif icates . A thi rd approach is to examine the 
age d istr ibut ions of var ious groups in the populat ion for 
s igns of unexpected d i f ferences in thei r  character ist icsr 
for example , one can use age-spec i f ic sex rat ios to 
compare the age distr ibut ions of the two sexes . A fourth 
approach is to compare the age d istr ibut ions reported for 
the same populat ion in two d i f ferent censuses . If the 
populat ion is closed to migrat ion , then the repor ted s ize 
of a cohort at two censuses will reveal changes that are 
due both to mor tal ity and to relat ive errors in the two 
censuses . A f inal approach is to compare the repor ted 
age distr ibut ion to an expected d istribut ion . This  may 
mean compar ing the distr ibution with that of an 
appropr iate stable populat ion or s imply look ing at the 
smoothness of the age d i str ibut ion . 

1 8  
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Bach of these f ive approaches prov ides d i f feren t 
i n formation about age misreporting . For example , some of 
the techn iques fa il to dist ingu ish between age repor ting 
e r rors ( content errors ) and errors of undercounting 
( completeness or cove rage errors ) . They also d i ffer i n  
the i r  degree o f  sens i t ivity t o  content errors . For 
example , some techn iques are sens it ive only to net 
r epor t ing er rors , that is , errors that remain after some 
e r rors have canceled each othe r out . 

The following discuss ion reviews the d i f ferences 
between conten t and completeness errors and between ne t 
a nd gross content errors , then evaluates each of the f ive 
approaches to detecting and measur ing er rors in age 
d istr ibut ions . 

COMPLETENESS ERRORS AND CONTENT ERRORS 

The task of est imating the extent of age misrepor ting i s  
compl icated by the fact that reported age d istribut ions 
are also distor ted by omiss ion ( and , less frequently , by 
double count ing ) of the populat ions in var ious age 
g roups . Often it is d i f f icult to tell the extent of each 
k ind of error . There are several reasons for try ing to 
distinguish between these two problems . First , if we 
want to improve the survey procedures in future censuses 
and surveys , it is impor tant to know wh ich sources of 
e r ror are most cr itical J second , d i f ferent k inds of 
analys i s  are sensi tive to d i f ferent k inds of errors J and 
t h i rd ,  techniques for adj ust ing data are of ten based on 
assumpt ions about the reasons for the errors ( for 
e xample , van de Walle , 1968 ) . 

Table 1 presents est imates of the relat ive undercoun ts 
by age and sex from seven post-enumerat ion stud ies in 
f ive d i f ferent countr ies . I t  is clea r from th is table 
t hat the reported age distr ibutions from these stud ies 
are affected g reatly by d i fferences in the completeness 
o f  data for d i f ferent age groups . I t appears that there 
is generally seve re undercounting of males aged 15-29 and 
f emales aged 15-24 , the same groups whose ages might be 
mis reported because of rel iance on mar ital status and 
p a r i ty in est imat ing of ages . In most of the populat ions 
in Table 1 there was relative overcounting ( that is , less 
u ndercount ing ) of both sexes over age 35 . Th is would 
l ead to the same k ind of age distr ibut ion distort ions 
that would be caused by exaggeration of ages of persons 
over age 25 . Since completeness errors like these can be 
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TABLE 1 Estimated Proportions of Di f ferent Age­
Sex Groups Omitted from Census Relative to the 
Overall Undercount : Seven Populations 

u . s .  1960 
Para-

Ko rea Ko rea Libe r i a  Ma laysia guay Non-

Age 1960 1 9 7 0  1974 1970 1 9 7 2  Whites Wh i t e s  

Fema l e s  

6 . 6  3 . 6  
-0 . 8  5 . 9  

0 
1-4 
0 - 4  
5 - 9  

1 . 5  o .  7 5 . 4  0 . 4  0 .  7 -0 . 4  - 1 . 8  
- 1 . 5 - 1 . 7  1 . 1  -0 . 4  - 2 . 6  0 . 0  - 3 . 6  

1 0 - 1 4  - 0 . 8  
1 5- 1 9  3 .  3 
2 0 - 2 4  4 . 1  
2 5- 2 9  o .  2 

30-34 - 1 . 9  
35- 39 - 2 . 3 
4 0 - 4 4  - 2 . 9  
4 5 -49 - 3 . 4  

S0- 54 - 2 . 0  
5 5- 59 - 2 . 5  
60-64 - 0 . 7  
6 5+ o . o  

Overa l l  

Cove rage 

Ma l e s  

0 
1 - 4  
0 - 4  
5 - 9  

1 0 - 1 4  
1 5 - 1 9  
2 0 - 2 4  
2 5- 2 9  

30- 3 4  
3 5 - 39 
40-44 
4 5- 4 9  

9 5 . 6  

0 . 6  
- 1 . 6  

- 2 . 2  
1 . 2  
5 . 7 
4 . 2  

0 . 7  
- 2 . 9  
- 4 . 1  
- 2 . 6  

50- 54 - 4 . 1 
5 5 - 59 - 1 . 9  
60-64 - 3 . 3 
65+ - 0 . 9  

OVera l l  

- 1 . 8  
3 . 7  
4 . 6  
0 . 9  

- 1 . 9  
- 2 . 2  
- 2 . 2  
- 2 . 0  

- 1 . 3  
- 2 . 3  
- 0 . 4  

4 . 8  

9 5 . 0  

3 . 0  
-0 . 5  

0 . 3 
- 2 . 3  

- 1 . 8  
3 . 5  
6 . 6  
4 . 7 

- 1 . 1  
- 1 . 6  
- 3 . 1 
- 3 . 3  

- 3 . 4  
- 2 . 4  
- 4 . 3  

8 . 9  

- 0 . 7 
3 . 8  

- 0 . 5 
- 2 . 8  

- 2 . 5  
- 3 . 4  
- 5 . 3 
- 1 . 6  

- 2 . 5  
- 3 . 0  

3 . 8  
- 2 . 6  

88 . 8  

3 . 6  
0 . 9  
1 . 3  
0 . 4  

0 . 6  
6 . 1  
2 . 8  
0 . 4  

0 . 1  
0 . 7  

- 3 . 5 
- 3 . 6  

- 5 . 2  
- 7 . 3 
- 3 . 7  
-4 . 4  

Cove rage 94 . 7  9 5 . 0  89 . 2  

-0 . 2  
0 . 6  

- 0 . 3  
-0 . 1  

- 1 . 4  
- 1 . 8  
- 1 . 9  
- 1 . 1  

-0 . 0  
0 . 7  
1 . 1  
6 . 4  

96 . 3  

- 0 . 6  
- 1 . 1  

-0 . 7  
1 . 2  
2 . 2  
0 . 6  

0 . 8  
- 1 . 0  
- 1 . 5  
- 1 . 1  

- 1 . 4  
-0 . 4  

0 . 4  
4 . 4  

9 5 . 6  

1 . 1  
4 . 0  
7 . 4  
1 . 2  

- 1 . 6  
-4 . 3  
- 3 . 1  
- 5 . 3  

- 2 . 7  
- 2 . 3  
- 4 . 6  
-0 . 3  

9 1 . 6  

0 . 9  
- 2 . 6  

- 2 . 6  
3 . 9  
7 . 1  
6 . 5  

0 . 9  
- 1 . 5 
- 3 . 2  
- 2 . 6  

-6 . 1  
- 4 . 2  
-0 . 3  
- 3 . 9  

90 . 6  

-0 . 1  
0 . 8  
0 . 8  

-0 . 2  

- 1 . 0  
- 1 . 8  
-1 . 8 
-0 . 9  

2 . 6  
0 . 0  
2 . 6  
0 . 5  

98 . 4  

-0 . 8  
- 0 . 4  

-0 . 3  
1 . 0  
1 . 5  
1 . 4  

0 . 3  
- 0 . 3  
-0 . 9  
- 1 . 2  

0 . 8  
- 2 . 4  

0 . 2  
1 . 0  

9 7 . 2  

- 4 . 2  
2 . 2  
1 . 6  
0 . 7  

- 2 . 4  
- 2 . 1  
- 1 . 8  

0 . 3 

1 1 . 0  
2 . 1  
6 . 5  
4 . 5  

9 1 . 9  

- 3 . 6  
- 5 . 8  

-6 . 4  
1 . 8  
7 . 4  
9 . 9  

8 . 0  
4 . 0  
2 . 1  
0 . 7  

7 . 7  
- 5 . 6  
- 1 . 3 

- 10 . 2  

89 . 1  

Note : The t ab l e  entries are 1 - [ � ( x ) /� 1 . where � =  overa l l  cov­

erage for the sex and � ( x )  = coverage at age x. A positive value 

there fore i ndicates a re lative undercount for the age group . 

Sources : Korea 1960 : Park , 1966 . Korea 1 9 7 0 : Unpub l i shed tab­

ulations· from the 1 9 7 0  PES . Liberia : Mark s and Rumford , 1 9 7 8 : 
1 9 1 . Malays i a : Chande r ,  1 9 7 3 .  Paraguay : Marks , 1 9 7 8 : 1 7 7 - 1 7 9 . 
United State s : National Re search Counc i l ,  1 9 7 2 : 2 8 .  
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respons ible for distort ions s imilar to those frequently 
caused by age misreport ing , it  is impor tant to explore 
the extent to which the d istor t ions in age distr ibut ions 
m ight be due to d i f ferentials in the comple teness of 
repor ting of var ious age-sex groups . 

In examin ing the impact of content errors on var ious 
estimat ion techn iques it is important to distingu ish 
be tween net and gross er rors . Gross errors are the 
e r rors made in the individual responses , whereas net 
e r rors are the errors in the reported numbers of 
individuals in each age group after some of the error s 
have canceled each other out . some uses of data--for 
example , stable populat ion analys is--are insens itive to 
g ross er rors in age report ing , whereas the Brass 
techniques for est imating fer t i l i ty and child mor tal ity 
m ight be sens itive to gross errors in age report ing i f 
they are correlated w ith par i ty or mar ital status . In  
the d iscuss ions that follow , we  will examine the 
e f fect iveness of each of the f ive main techn iques fo r 
s tudying age misreport ing , noting the extent to which 
each method reveals content errors and completeness 
e r rors and whether it  reveals anyth ing about the gross 
e r rors . 

POST-ENUMERATION SURVEYS ( PES ) AND MATCHING OF 
INDEPENDENT SURVEYS 

One approach to test ing the val idity of ages reported in 
a census or su rvey is to send better-trained 
i nterviewers , with better tools for es timating ages , to 
reinterv iew a sample of the populat ion . By matching the 
r esponses from the re interv iew with the or ig inal census 
forms it is possible to measure the prevalence of age 
r eport ing er rors . Th is can also be accompl ished by 
matching the responses of two independent surveys , wh ich 
has the advantage of s imul taneously producing estimates 
of both conten t and completeness errors . Errors of · 
completeness are est imated by look ing at the propor tion 
of respondents who were enumerated in only one of the two 
i nterviews but should have been interviewed twice . 
Anothe r advantage of th is technique is  that i t  produce s 
e s t imates of both gross and net content errors . 

One of the few large-scale pos t-enumeration surveys to 
p roduce est imates of age misrepor ting for a national 
census is the 1960 post-enumerat ion su rvey of Ghana . I n  
r etrospect it  i s  clear that the sample des ign was far too 
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TABLE 2 Compari son o f  the Age D i s t ributions from the Census and the Post-Enume ration Survey : 

Ghana 1960 

Part A .  Compari son o f  Gros s and Net E rrors and Age Ratios by Sex 

Males Females 

% Reported. % Reported 
in Same Age Ratio of PES Age Ratioa in Same Age Ratio of PES Age Ratioa N 

Census Group in PES to Census Group in PES to Census N 

Age ( Gros s  Errors ) ( Net Errors ) Census PES ( Gross Errors ) ( Net Errors ) Census PES 

0-4 86 . 7  0 . 99 86 . 9  1 . 02 
5-9 76 . 0  1 . 04 1 1 5 . 9  1 16 . 4  7 1 . 9  0 . 98 1 1 1 . 4  1 06 . 8  

10-14 6 5 . 5  1 . 10 89 . 9  101 . 3  7 1 . 3  1 . 0 3  9 3 . 5  100 . 2  
15-19  5 3 . 4  0 . 82 80 . 5  60 . 1  56 . 5  0 . 92 64 . 5  60 . 8  

20-24 56 . 3  1 . 09 82 . 5  98 . 2  50 . 6  0 . 91 120 . 4  109 . 7  
2 5- 29 48 . 3  1 . 01 1 16 . 4  1 14 . 8  44 . 4  1 . 06 107 . 9  12 0 . 1  
30- 3 4  4 0 . 5  0 . 96 106 . 2  102 . 9  36 . 3  0 . 99 108 . 6  103 . 1  
35-39  3 3 . 0  0 . 9 7 9 5 . 9  89 . 6  35 . 0  1 . 0 3 78 . 6  87 . 6  

40-44 3 7 . 9  1 . 16 94 . 7  1 20 . 2  32 . 5  0 . 82 1 30 . 2  101 . 3  
45-49 30 . 2  0 . 84 104 . 1  77 . 8  24 . 6  1 . 09 75 . 4  97 . 2  
50-54 36 . 5  1 . 08 10 5 . 3  1 2 7 . 3  2 6 . 4  0 . 89 129 . 2 98 . 5  
55-59 32 . 8  0 . 98 92 . 4  86 . 8  20 . 2  1 . 36 6 2 . 6  7 7 . 7  
60-64 30 . 8  0 . 98 1 0 1 . 3  1 08 . 8  4 1 . 5  1 . 49 1 34 . 0  1 49 . 8  
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Part B .  Summary Measures 

Age Ratio Scoresb 

Males 
Females 

Sex Ratio Scoresc 

U . N .  Combined Scoresd 

Census 

9 . 44 
2 2 . 2 7 

2 7 . 72 

1 14 . 87 

PES 

14 . 94 
14 . 1 1 

2 0 . 2 2  

89 . 7 1 

aThe age ratios are 100  times the ratio of the number in the age group to the average of the adj oining age 
groups . 
�he age ratio score is the average of the absolute values of the deviations of the age ratios from 100 . 
cThe sex ratio score is the average absolute value of the deviations from 100 of the 1 3  age-speci fic sex 
ratios . 
dThe U . N .  combined score is three times the sex ratio score plus the two age ratio scores . 

Source : Based on Ghana , 1964 : 391-392 . 
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ambitious , however ,  despi te the numerous d i f f iculties 
that plagued the match ing , the survey d id produce 
est imates of age mi srepor ting . ( FOr a discuss ion of th e 
problems encountered in runn ing the survey , see Gil et 
al . ,  197 l:xx i-xxvi . )  

Table 2 presents est imates of the net and gross errors 
in the age repor ts for indiv iduals recorded and matched 
in a census and PES in Ghana . For both sexes the 
propor tion of ind iv iduals repor ted in the same five-yea r 
age group at both interviews is very low . Of women aged 
45-59 , less than 25 percent were recorded in the same age 
g roup both times . The net errors , howeve r ,  are not 
nearly so large . In only four age groups for men and 
four for women do the net errors reach 10  percent or more . 

Table 2 also includes age rat ios for the census and 
the PES age d istribut ions . These rat ios compare the 
populat ion in an age g roup with the ave rage of the 
populat ions in the two adj oin ing age groups . The age 
ratios for men show improvements in the PES at only a few 
ages ( 10-14 and 20-34 ) ,  and the overall age ratio score 
(a measure of the smoothness of an age distr ibut ion ) is 
much worse for the PES than for the census . For females , 
the PES d istr ibut ion is smoothe r than the census , however  
the PES age ratio score for  females is  still  very h igh . 
An examinat ion of the sex ratio suggests that the PES is 
better than the census , al though once aga in the PES score 
is still very h igh , 20 . 22 .  

The Ghana ian PES shows clearly that the unreliability 
of the repor ted ages is exceed ingly h igh J however , i t  i s  
not clear whether the PES age d istr ibut ion is really more 
accu rate than the orig inal census distr ibut ion . Marks 
and Waksberg ( 1960 ) have come to a s imilar ·conclus ion for 
the Un i ted States , based on the i r  analys is of the PES of 
the 1960 census . We will compare the census and PES 
distr ibut ions us ing some other tests when we discuss the 
census survival techn ique for detect ing age report ing 
er rors . 

Because i t  appears that the PES approach may be most 
useful for estimating the unreliability of repor ted ages , 
i t  is helpful to look at measures of the reliability of 
age report ing der ived from several reinterview schemes . 
Table 3 presents the s implest measure of consistency: 
the percentage repor ted in the same five-year age group 
dur ing two separate surveys . ( These compar i sons take 
into account the ag ing of the population between the 
dates of the surveys . )  Us ing the average percentage for 
the age groups 25-49 as an index of overall consistency , 
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we see that the deg ree of consistency var ies from 3 0  
percent for Gambia t o  about 95  percent for the u.s. in 
1960 . In every case the cons istency of age repor ting 
decreases with age , so that by the age group 30-34 the 
percentage repor ting a d i f ferent age is at least two or 
three times as large as at ages 0-4 . 

The reasons for th is decreas ing cons istency with age 
a re easy to surmise . Firs t ,  dur ing ch ildhood and 
adolescence the phys iological changes that occu r with ag e 
are very not iceable and provide valuable clues for 
estimating age . With increasing age , these vis ible s ign s 
become less prec ise . Second , s ince the births of 
children are much more recent , memor ies of birth date s 
and of events that were concurrent with the births are 
much more apt to be accurate . Thi rd ,  in many countr ies 
the reg istration of births has increased subs tantially 
during the last 30 years and parents of young children 
a re more apt to have birth cer t i f icates , wh ich aid in 
repor ting the ages of children . 

Table 3 includes two separate estimates of the 
repor ting e r rors in the u.s. census of 1960 . It is  
u seful to note that the estimates from the match with the 
Current Population Survey almost always indicate more 
misrepor t ing than does the match with the 
pos t-enumeration su rvey . Th is f ind ing h ighl ights the 
fact that even in well-run surveys , the estimates of 
misrepor ting are sens itive to the s tudy des ign , 
espec ially the sampling techn iques . 

Compared with other analyt ical approaches , such as the 
c ensus survival techn iques and stable populat ion 
analys is , the PES approach to estimat ing age misrepor ting 
i s  very expens ive . Because of the h igh costs of the 
reinterviewing and match ing , it is important to we igh 
these costs aga ins t the potent ial benef its . The values 
of the process will depend on whether the re interview is 
des igned solely to est imate the errors in the or ig inal · 
interviews or whether it  is des igned to collect more 
detailed informat ion to supplement the or ig inal survey . 

In discuss ing the benef i ts of PES stud ies , Marks 
( 1978 : 160 ) has concluded the following: 

While the PES form of dual-system est imation wil l 
often g ive valuable clues on content bias , a PES 
usually g ives adequate measures only for the 
variance component of content er ror . That is , in 
spi te of ear l ier opt imism about improv ing repor ts 
of  age , income or occupat ion by doing a more 
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TABLE 3 Pe rcentage o f  Pe rsons Enumerated in the Same Five-Year Age Group During a Survey and a 

Rei ntervi ew : Nine Populations 

World u . s .  1960 
Age in Medical Fertility N 
the More Research Rawalpindi , Survey Current (J\ 
Accurate Counci l ,  Ghana Paki stan Korea Indonesia Nigeria u . s .  Population u . s . 
Survey Gambia a 196ob 1971  1960 Femalesc 197 3-74 1950 Reinterview Survey 1970 

0-4 89 86 . 0  80 94 9 7 . 0  98 . 2  96 . 4  9 3 . 1  
5-9 81 7 3 . 0  7 3  92  9 7 . 9  97 . 6  96 . 1  96 . 1  

10-14 66 6 5 . 0  69 90 96 . 9  98 . 1  96 . 6  96 . 1  
1 5- 1 9  5 7  6 3 . 5  6 3  89 9 3  7 7  � 7 . 0  96 . 8  9 5 . 5  9 5 . 8  

20-24 4 1  54 . 0  5 3  90 90 60 9 5 . 3  96 . 2  9 3 . 3  94 , 6  
2 5- 2 9  4 2  4 5 . 0  5 2  8 9  92  40 94 . 3  97 . 5  9 5 . 0  94 . 0  
30- 34 36 39 . 5  4 1  89 85 2 7  9 3 . 2  9 5 . 9  9 3 . 3  9 1 . 3  
35-39  24 34 . 0  34 86 88 4 1  9 3 . 4  9 5 . 4  9 3 . 2  91 . 2  

40-44 2 8  36 . 5  30 88 79 2 4  92 . 4  92 . 9  92 . 8  91 . 5  
45-49 1 9  29 . 5  36 86 8 1  28 90 . 5  92 . 8  9 3 . 6  92 . 5  
50- 5 4  3 3  32 . 0  2 9  87 89 . 5  92 . 8  89 . 4  92 . 1  
5 5- 59 20  24 . 5  10  87 88 . 9  94 . 9  90 . 2  91 . 8  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

A g e  M i s r e p o r t i n g  a n d  A g e - S e l e c t i v e  U n d e r e n u m e r a t i o n :   S o u r c e s ,  P a t t e r n s ,  a n d  C o n s e q u e n c e s  f o r  D e m o g r a p h i c  A n a l y s i s
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 6 4 9

http://www.nap.edu/catalog.php?record_id=19649


60-64 
65-69 
70- 74 
75+ 

Average 
for 
2 5-49 

3 0  
8 

2 4  
58 

29 . 8  

2 9 . 5 
2 7 . 5  
30 . 0  
6 3 . 0  

36 . 9  

3 2  
7 

39 
47 

38 . 6  87 . 6  8 5 . 0  32 . 0  

9 1 . 5 
9 1 . 0  
90 . 7  
94 . 5  

9 2 . 8  

89 . 5  
9 3 . 5  
89 . 6  
9 3 . 6  

94 . 9  

90 . 4  
94 . 2  
88 . 4  
90 . 1  

9 3 . 6  

89 . 6  
88 . 0  
9 1 . 3  
94 . 0  

92 . 1  

aunder age 2 2 ,  the match compares the census with the bi rth registration system organized by the Medical 
Research Counc i l . Over age 2 2 ,  the match is wi th the year of birth derived from annual surveys during the 
previous 22 years . 
bAverage of the va lues for the two sexes . 
cThese percentages compare the original age report wi th the best age e stimate after interviews to recon­
c i le diffe rences between the original interview and the reinterview . There fore , they di ffer from the pub­
l ished results , whi ch compare the original interview with the reinterview . 

Sources :  Gambi a :  Gibri l ,  1979 . Ghana : Ghana , 1964 : 389 . Rawalpindi : Kenya , 1976 : 12 .  Korea : Park , 
1966 . Indonesia : Unpubl ished tabulations . Nigeria :  Andoh , 1980 : 8 .  u . s .  1950 : u . s .  Bureau of the Cen­
sus , 1960 : 2 7 .  u . s .  1960 : u . s .  Bureau of the Census , 1974 : 10 and 1975a : 9 .  U . S .  1970 : u . s .  Bureau of the 
Census , 1 9 7 5b : 2 1 .  
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intens ive interviewing job ,  PES reports o f  these 
characteristics are usually not better than census 
reports . 

He therefore recommends that these surveys be des igned to 
max imize the informat ion gained about completeness . 

There are several factors that will af fect the 
likel ihood that a PES can produce better age es timates . 
F i rst is the qual ity of the or ig inal interviews , which 
can be j udged by the training g iven to the interv iewers , 
the techn iques at the ir  d isposal ( for example , did they 
have properly prepared h istorical calendars ) ,  the time 
a llotted for each interv iew , and the amount of careful 
supervis ion . 

A second cons iderat ion is the populat ion ' s  awareness 
of ages . I f  the populat ion has li ttle or no awareness of 
age ( for example , if  there are reports of 25-year-old 
grandmothers ) , then a reinterview us ing more elaborate 
interviewing techn iques might improve the repor ting . 

A th ird factor that affects the value of a PES is  the 
qual ity of the match ing . A low proport ion of matches 
greatly reduces the rel iability of the results . 
There fore the potential bene f its will depend on the 
ava ilabil ity of good informat ion for match ing . 

Marks has concluded that PES stud ies usually provide 
only a good measure of the var iance of the content 
e r ror . Th is suggests that frequently the results of a 
PES will not be ve ry useful for adj ust ing the data pr ior 
to analys is , s ince such an adj ustment requ ires est imates 
of the biases in repor ted ages . For example , adjust ing 
age data before apply ing stable population analys is 
requ ires an estimate of the net errors . Fbr some type s 
of  analys is , even more informat ion is needed J for 
example , adj ust ing individual observations for use i n  
analyz ing d i f ferences among ind ividuals requ ires 
in formation about gross errors and adjust ing the data 
pr ior to applying the Brass techn iques for estimating 
fer t i l i ty and mor tality requ ires information about the 
characteristics of those who report age incor rectly . 
Unless the results of reinterv iews can be regarded as 
cor rect , they will prove to be of little value in 
adj usting the data pr ior to the appl ication of such 
analyt ical techniques . 

I n  most circums tances , when the ages repor ted in the 
PES suffer from errors s imilar to those of the initial 
enumerat ion , the PES data will provide little more than 
an est imate of the va riance of age repor ting , and th i s  
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est imate i tsel f  provides a lower bound for the true 
variance , because of the tendency for respondents to g ive 
the same answer twice . FOr some purposes , however ,  it is  
useful to have an  est imate of  the var iance of age 
responses , since such an est imate can provide a warn ing 
when applying multivar iate techn iques at the level of the 
individual . I f  the variance of age responses is high , 
the conclus ions that can be drawn from the data are 
severely restr icted . Most stud ies of age misrepor ting 
show a rather large random component in age repor ts , 
sugges t ing that caution should be exercised in analys i s  
a t  the individual level . 

Marks ' s  conclus ion that PES surveys should concentrate 
on est imating the comple teness of censuses appears to be 
j us t i f ied . The quest ion then becomes: Can the cost of 
PES stud ies be j us t i f i ed pr imar ily on the bas is of the 
i nformat ion they provide about errors of completeness? 
S ince results of PES stud ies in Liberia and Paraguay 
showed overall undercounts of about 10 percent , the 
magn i tude of coverage errors is probably a major 
problem . Comparisons in the u.s. of coverage er rors 
est imated from PES stud ies and those der ived from 
analytic est imates show that there are major 
discrepancies between the two approaches ( S iegel and 
Zelnick , 1966 ) . However , analyt ical methods for 
estimat ing coverage er rors are not very rel iable unles s 
the re is reasonably accurate information ava ilable on 
fer t i l i ty ,  mor tality , and migrat ion rates--and such dat a 
a re often lack ing in developing countr ies . FOr this 
reason , PES surveys may provide the only rel iable 
approach to estimating coverage errors in developing 
countr ies . Moreover , because many of the techn iques fo r 
estimat ing fer tility ,  mor tal i ty ,  and migrat ion rates rely 
on the assumption tha t censuses provide complete 
coverage , estimates of coverage errors are especially 
impor tant in deal ing with data from many developing 
countr ies . 

COMPARISON OF SOURCES 

Several s tud ies of age misreporting have been based on 
the compa r i son of ages repor ted in d i f ferent record 
systems . For example , ages repor ted in censuses or 
surveys have been compared with those shown on bi rth 
cer t i f icates or baptismal records (Caldwell , 1966r 
Gibr il , 197 5 1  Raghavacha r i  and Nataraj an , 197'4r Char i ,  
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1977 J Mur ray , 1979r  Pison , 1978 J u . s .  Bu reau of the 
Census , 1953 ) , death cer t i f i cates (Great Br itain , 1970r 
u.s. Publ ic Health Service , 1968 ) , and Medicare records 
( U . S .  Bu reau of the Census , 197 3 ) . Like the reinterview 

procedure , the record-compa r i son approach somet imes 
produces reliable est imates only of the variance of the 
age reports , since it is often unclea r wh ich of the two 
sources is more accurate . Obvious except ions are bir th 
cer t i f icates and bapt ismal records , wh ich are generally 
reliable if the event was in fact recorded shor tly after 
i t  occurred . 

Numerous recent s tud ies demonstrate that even in 
soc ieties where most births are not recorded , birth or 
baptismal records can be used for testing the accuracy of 
repor ted ages . In Mur ray ' s  s tudy in Ha iti  (1979 ) , dates 
on baptismal records were comb ined with relat ive ages in 
the communi ty to produce est imates of each person ' s  age , 
which we re then compared with repor ted ages based on an 
events calendar . In Caldwell ' s  study of Ghana (196 6 ) , a 
s ample of ch ildren aged 0-8 whose births had been 
recorded were interviewed to assess the accuracy of ag e 
r eport ing . The Census Evaluat ion Study of the 1971 
census in Ind ia used birth reg istration records in the 
Sample Reg istration System to cross-check census 
reports . The stud ies of Gamb ia and Senegal by Gibr i l  
( 1975 ) and Pison ( 1978 ) compared a census or a survey 

with data collected dur ing previous long itud inal stud ies . 
I f  we are to produce better estimates of the biases in 

age repor ting in deve loping countr ies , it  will be 
impor tant to f ind s i tuat ions in which birth records or 
baptismal records can be used to measure d i rectly the 
e r rors in repor ting . In  any country there are some 
b i r ths that are recorded , and even i f  these records ar e 
not representative of the whole population , they may 
still provide the bes t  tool for measur ing the degree and 
nature of age mis repor ting . 

CROSS-TABULATING BY AGE TO IDENTIFY AGE MISREPORTING 

Another common way of detecting and measur ing age 
misrepor ting is to examine the age-spec i f ic sex ratios o f  
the enume rated populat ion , wh ich are included i n  the sex 
ratio score recommended by the Un ited Nations ( 19 55 ) . 
Th is index is the sum of the absolute values of the 
successive di fferences in the sex rat ios between age 
g roups for f ive-year age groups from age 0 to 69. In the 
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absence of sex-selective migrat ion and undercounts , th i s  
index provides a measure of the net er rors in age 
repor ting only to the extent that the patterns of  
misrepor t ing d i f fer for the two sexes . POr example , this  
method probably fails to g ive accurate est imates of age 
misrepor ting among ch i ldren aged 0-4 , because report ing 
er rors in th is age group are apt to be similar for the 
two sexes . 

One problem with the sex-rat io test for age 
misreporting is that it cannot dist ingu ish between 
deviat ions due to age miss tatement and deviations due to 
sex-select ive under- or overrepor ting . An example of 
this is  g iven in Table 4 ,  wh ich shows the sex rat ios for 
the 1 9 7 2  census of Paraguay . The repor ted age 
d istr ibut ion leads to a sex ratio score of 4 . 54 ,  which 
sugges ts reasonably accu rate report ing . Table 4 also 
presents age ratios based on the age-sex distr ibut ion 
after it has been adj usted for the estimated undercounts 
for each age-sex group , as determined by the 
post-enumerat ion survey . Th is adj ustment reduces the sex 
ratio score from 4 . 54 to 3 . 92 .  The biggest improvement 
in the sex rat ios comes at ages 25-29 , where the ratio is  
i ncreased from 9 3 . 1  males per 100 females to 99 . 5  per 100 
females . 

A second use of s imple cross-tabulat ions was 
demonstrated by Goldman et al . in the i r  study of the 
Nepal Fer t i l i ty Survey ( 19 79 ) . They discovered evidence 
of the e ffects of age mis report ing by look ing at 
tabulat ions of par i ty and mar i tal status by s ingle years 
of age . For example ,  they present the following table of 
the percentage of women ever-marr ied by age ( 1979:1 2 ) :  

Age 18 

t Ever Marr ied 7 7 . 7  

19 

8 1 . 1  

20 

9 2 . 8  

21 2 2 

89 . 2  94 . 4  

The relatively high proport ion ever mar r ied a t  age 2 0  as 
compared with age 2 1  clearly suggests that ever-marr ied 
women who are 18 or 19  are sometimes be ing reported as 20 
years old and that s ingle women aged 20 may be be ing 
reported as 19 . 

S imilar data are avai lable from the Deschapelles area 
of rural Ha i ti . Data from a four-yea r prospective study 
by Berggren et al . ( 1974 , 1979 ) provide the following 
distr ibutions of age at entry into first  marr iage and o f  
the proport ion ever mar r ied . 
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TABLE 4 Age and Sex Ratios for the 1 9 7 2  Paraguayan 

Cens us , With and Wi thout Adj us tments for Age - S e l ective 

Unde renumeration 

Age 

0-4 
S-9 

10-14 
15-19 

20-24 
2 5- 2 9  
30- 34 
35-39  

40-44 
45-49 
S0-54 
55-59 

60-64 
6 5-69b 

Mean 
Absolute 
Devi ation 
from 100 

U . N .  
Combined 
Scoresc 

Age Distribution 
Reported Age Distribution Adj usted for Undercounta 

Sex Ratio 
(males Age Ratios 
per 100 
female s )  Males Females 

1 0 3 . 4  
10 3 . 5  
1 06 . 0  

99 . 0  

9 5 . 2  
9 3 . 1  
9 7 . 0  
9 1 . 0  

98 . 4  
92 . 1  
96 . 5  
91 . 6  

89 . 2  
8 1 . 0  

4 . 54 

10 3 . 1 
107 . 3 

99 . 8  

92 . 1  
92 . 3  

102 . 4  
87 . 8  

1 14 . 7 
9 1 . 3 

109 . 5 
88 . 8  

1 10 . 5 
8 5 . 7 

8 . 44 

Reported : 2 7 . 18 

104 . 2 
102 . 9  
102 . 7  

9 3 . 7  
9 5 . 2  
9 7 . 3  
94 . 3  

1 06 . 6  
96 . 8  

1 04 . 3  
90 . 8  

1 08 . 3  
94 . 4  

5 . 1 2 

Sex 
-
Ratio 

(males Age Ratios 
per 100 
females ) Males Females 

104 . 8  
104 . 6  
10 3 . 3 

99 . 9  

9 5 . 9 
99 . 5  

100 . 6  
94 . 5  

9 9 . 3 
9 5 . 8  
94 . 5  
90 . 9  

94 . 0  
79 . 1  

3 . 92 

10 1 . 2  
104 . 4  
102 . 7  

94 . 3  
94 . 2  
99 . 8  
87 . 3  

1 1 3 . 4  
9 2 . 8  

106 . 6  
88 . 5  

114 . 7  
8 3 . 8  

7 . 87 

Adj us ted : 24 . 54 

100 . 7  
1 0 3 . 7  
1 0 3 . 1  

98 . 1  
9 2 . 5  
96 . 7  
92 . 5  

108 . 4  
94 . 4  

105 . 8  
9 1 . 8  

105 . 1  
97 . 0  

4 . 91 

aAdj ustment based on the results of the post-enumeration survey , 
from Mark s  ( 1978 : 1 7 5 - 1 7 7 ) . 
�he adj ustment for the underc0unt at 6 5-69 is based on the value 
for 6 5  and over . 
cThe U . N .  combined score i s  three times the sex ratio score plus 
the two age ratio s cores . ( See Table 2 for de finitions . )  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

A g e  M i s r e p o r t i n g  a n d  A g e - S e l e c t i v e  U n d e r e n u m e r a t i o n :   S o u r c e s ,  P a t t e r n s ,  a n d  C o n s e q u e n c e s  f o r  D e m o g r a p h i c  A n a l y s i s
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 6 4 9
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Age 18 19  20  21  22  

' Enter ing Firs t 
Marr iage 2 . 4 7 . 8  1 2 . 0  11 . 0  11 . 0  

' Ever Marr ied 27 . 3  14 . 0  35 . 1  41 . 2  45 . 5  

These data also reflect age distortions that are related 
to ma r i tal status . 

Goldman et  al . have also compared tabulations of 
par i ty by s ingle years of age to a curve of cumulated 
age-spec i f ic fertility rates repor ted in the same survey 
of Nepal ( 1979 : 22-24 ) . Th is analys is sugges ts that the 
exaggeration of age at the younger ages is related to 
par i ty and that at the olde r ages of childbear ing women 
who are unsure of the i r  age are also apt to underrepor t 
the i r  par i ty .  In Table 5 ,  the average pa r i t ies and 
d eviat ions from the synthet ic cohort in Nepal are 
compared to s imilar values for a sample of 1 , 33 3  wome n 
f rom the Ashanti reg ion of Ghana , wh ich was selected from 
the 1971 Supplemental Enqu iry data . Because the 
cumulated •births in the last year • in the Ghana ian data 
show ev idence of underreport ing , we have calcul�ted 
d eviations from a three-year moving average of the 
d i f ferences to show more clearly the age selectivity o f  
mis repor t ing of par ity .  I n  general , the Ghana ian data 
show the same pattern as those from Nepal : relat ively 
h igh repor ted par i ty at ages 20 and 25 and relatively low 
repor ted par ity at ages 40  and 45 .  

Table 5 also presents data for the women of the 
Ashanti region on the repor ted propor tion of the i r  
children who a r e  now deceased . These data show no 
ev idence of 

'
unusually large selective omiss ion of 

d eceased children among women whose ages are reported as 
35 , 40 , or  4 5 . This suggests that the older women of 
childbear ing age , whose ages are heaped due to lack of 
knowledge of age , have underreported the number of 
children they have borne , both l iving and deceased . This  
is also cons istent with the data from Nepal (Goldman et 
al . ,  1979 : 24 ) . 

The tests used by Goldman et  al . on the Nepal data , 
and repeated here on the data from Haiti  and Ghana , 
provide an interest ing model for the use of 
cross-tabulat ions by age to understand mis repor ting o f  
both age and par i ty . The techn iques provide some 
information about the nature of the gross er rors tha t 
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TABLE 5 Comparisons o f  Reports o f  Ave rage Parity and B i rths in the La st Year by Single Year 

o f  Age : Nepa l 1 9 7 6  and Ghana 1 9 7 1  

Nepal Ash anti Region , Ghana 

Di fference in Parity 
Reported Di fference in Reported from Synthetic Cohort 
Average Parity from Average Percentage ( F-P) 
Parity Synthetic Cohorta Parity of Chi ldren 

Age ( F-P)  ( F-P) ( P )  Deceased Reported a Smoothedb 

1 5  0 . 01 0 . 04 0 . 02 0 . 0  -0 . 0 1 
16 0 . 04 0 . 08 0 . 07 10 . 0  0 . 00 0 . 01 
1 7  0 . 17 0 . 07 0 . 2 2 6 . 8  -0 . 0 3 0 . 00 
18 0 . 3 1 0 . 08 0 . 4 5 8 . 1  -0 . 07 -0 . 02 
1 9  0 . 5 3 0 . 07 0 . 65 8 . 6  -0 . 06 0 . 06 w 

� 
20 0 . 9 1 - 0 . 0 5 1 . 1 1 10 . 7  -0 . 2 3 -0 . 04 
2 1  1 . 12 -0 . 01 1 . 4 5 12 . 7  -0 . 29 -0 . 02 
22  1 . 45 -0 . 0 3  1 .  72  1 1 . 1  -0 . 2 8 0 . 0 3  
2 3  1 . 66 0 . 1 1 2 . 06 12 . 7  -0 . 36 0 . 00 
2 4  1 . 88 0 . 2 0 2 . 4 1 12 . 7  -0 . 44 0 . 0 3  

2 5  2 . 5 3 -0 . 1 3 2 . 84 1 3 . 3 -0 . 60 -0 . 06 
26 2 . 66 0 . 09 3 . 0 7  1 3 . 8  -0 . 58 0 . 04 
2 7  2 . 87 0 . 16 3 . 46 1 5 . 9  -0 . 67 0 . 02 
2 8  3 . 01 0 . 3 1 3 . 91 1 5 . 6  -0 . 8 3  -0 . 08 
2 9  3 . 6 5 -0 . 07 4 . 08 1 5 . 7  -0 . 7 5 0 . 14 

. 30 3 . 70 0 . 1 5  4 . 66 1 7 . 3  - 1 . 09 -0 . 17 
31 3 . 91 0 . 2 3 4 . 81 1 5 . 7  -0 . 9 3 0 . 1 3  
32  4 . 19 0 . 2 2 5 . 3 3 1 7 . 8  -1 . 16 -0 . 12 
3 3  4 . 70 - 0 . 0 3 5 . 4 5 18 . 6  - 1 . 04 0 . 10 
34 4 . 70 0 . 2 1 5 . 84 1 9 . 3  - 1 . 2 2  -0 . 08 
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3 5  4 . 6 5  0 . 4 4 6 . 00 1 9 . 7  - 1 . 1 5 0 . 01 
36 4 . 86 0 . 4 3  6 . 16 18 . 6  - 1 . 10 0 . 0 5 
37  5 . 26 0 . 2 4 6 . 46 2 1 . 0  - 1 . 2 1 -0 . 02 
38  5 . 38 0 . 3 1 6 .  7 1  2 0 . 3 - 1 . 2 7 0 . 01 
3 9  5 . 60 0 . 26 6 . 94 19 . 0  - 1 . 3 7 -0 . 1 5 

40 5 . 20 0 . 7 5 6 .  7 1  22 . 2  - 1 . 02 0 . 1 5 
4 1  5 . 86 0 . 20 6 . 9 1 2 2 . 4  - 1 . 1 3 0 . 01 
4 2  5 . 4 7 0 . 68 7 . 1 3 2 4 . 0  -1 . 26 0 . 10 
4 3  6 . 0 3 0 . 1 7 7 . 6 5 2 5 . 4  - 1 . 70 -0 . 2 1 
4 4  5 . 80 0 . 46 7 . 5 5 2 5 . 2  - 1 . 5 1  -0 . 1 8 

4 5  5 . 2 5 1 . 04 6 . 88 2 3 . 5  -0 . 78 0 . 2 7 
46 5 . 87 0 . 4 5 6 . 99 20 . 4  -0 . 86 0 . 06 
4 7  6 . 00 0 . 34 7 . 29 24 . 1  - 1 . 12  -0 . 2 1 
48 5 . 8 3 0 . 52 6 . 9 3 2 4 . 6  -0 . 7 5 0 . 34 
49 6.  36 0 . 0 1 7 . 59 2 2 . 7  - 1 . 40 

aDeviations of 
w 

the reported parities ( P )  from the cumulated age-specific fertility rates ( F )  are based on VI 
reports of bi rths in the previous year . 
boevi ation of the differences from three-year moving average of reported differences . 

Sources : Nepal : Goldman et al . , 1979 : 2 3 .  Ghana : Unpublished data from the Ghana 1971 Supplemental 
Enquiry . 
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underlie the more obvious ne t er rors , and the s ingle-year 
cross-tabulat ions might reveal ev idence of misrepor ting 
even when the repor ted age d istr ibut ion in f ive-year age 
groups does not appear to be af fected by misrepor ting . 

ANALYZING COHORT SURVIVAL RATES 

I f  we study a birth cohor t ,  the change in the s i ze of the 
cohort as measured at two censuses ideally should be due 
only to mor tal i ty and migrat ion . In fact , the repor ted 
counts will also be affected by the content and 
completeness errors in the two censuses . Therefore , i t  
i s  poss ible to est ima te the extent of these errors by 
ad justing the propor tion surviving between censuses for 
mor tal ity and migrat ion . The resulting ratio should be 
very close to 1 . 0 ,  if the adj ustments are cor rect and 
there are no repor ting er rors . 

The use of census survival rates to estimate the 
e rrors in consecut ive censuses is best exempl i f ied by the 
work  of Coale and Zeln ick (196 3 )  and Coale and Rives 
( 19 7 3 ) for the populat ion of the Un i ted States . These 

stud ies have prov ided both revised age distr ibutions and 
r evised estimates of fer t i l i ty for more than a century of 
Amer ican history . 

The potential usefulness of census survival rates for 
s tudying age misrepor ting in developing countr ies is 
i llustrated in Table 6 ,  which presents estimates of 
er rors in n ine censuses of India . These f igures ar e  
based on populat ion f igures for ages 0-29 for the areas 
that were included in all n ine of the decennial censuses 
of Ind ia from 1881 to 1961 (Mukhe r j ee ,  1976 : 63 ) . The 
numbers shown are the result of d ividing the census 
survival ratios by the surv ival rat ios impl ied by l i fe 
tables with l i fe expectancies s imilar to those estimated 
by Mukher j ee for each per iod .  Because the populat ion of 
Ind ia has been af fected only sl ightly by external 
m igration dur ing most of the per iod , the result ing rat ios 
should be pure indexes of errors in the repor ted age 
d istr ibut ions . 

The surpr is ing result in Table 6 is the constancy of 
these ratios over the eight decades . The average of the 
ratios for the f irst three per iods is  very s imilar to the 
average for the las t three per iods . �r most age groups 
this constancy is more apt to be due to a constant 
pattern of age misrepor ting than to a cons tant pattern o f 
r elat ive undercounts , although both cer ta inly add to the 
pattern . 
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TABLE 6 Census Surviva l  Ratios Divided by Appropriate 

Li fe Tab l e  Survival Ratios for Chi ldren and Young Adults 
in the Indi an Census e s  of 1881-196 1 : Areas Common to A l l  
Ni ne Censuses 

Age at Earlier Census 

Date o f  Males Females 
Earlier 
Census 0-4 5-9 10-14 15-19 0-4 

1881 1 . 01 0 .  72 1 . 14 1 . 58 1 . 32 
1891 1 . 01 0 . 68 1 . 14 1 . 42 1 . 2 7 
1901 1 . 09 o .  7 1  1 . 04 1 . 44 1 . 36 

1911 1 . 0 3 0 . 6 5  1 . 01 1 . 3 3 1 . 29 
1921 1 . 07 0 . 69 1 . 0 5 1 . 50 1 .  3 3  

1931 1 . 07 0 . 69 1 . 02 1 . 36 1 . 3 1 
1941 1 . 1 3 0 . 76 1 . 01 1 . 35 1 . 2 5 
1951 1 . 08 0 . 81 0 . 98 1 . 26 1 . 2 3 

Average 
of First 
Thre e  
Ratios 1 . 04 0 . 70 1 . 1 1 1 . 48 1 . 32 

Average 
of Last 
Three 
Ratios 1 . 09 0 . 7 5 1 . 00 1 . 32 1 . 26 

Note : The values shown are [ P 1 o ( l0-14 )] 7 [�] 
Po ( 0-4 ) 5L0 

5-9 10-14 15-19 

o.  72 0 . 83 1 . 4 1 
0 . 70 0 . 81 1 . 31 
0 . 7 3 o .  79 1 . 32 

0 . 69 0 . 76 1 . 2 3 
0 .  71  0 . 80 1 . 37 

0 . 70 0 . 82 1 . 28 
0 .  77 0 . 83 1 . 3 3 
0 . 84 0 . 85 1 . 2 1 

0 . 72 0 . 81 1 . 35 

o .  7 7  0 . 8 3 1 . 2 7 

where Pt ( l0- 1 4 )  is the population aged 10-14 at time t and L 
values are taken from the appropriate life tables for the popu­
lation . Therefore , values greater than 1 . 00 suggest a re lative 
overcount of the cohort at the later census ; those less than 1 . 00 
suggest a relative undercount . 

Source : Based on Mukherj ee , 1976 : 6 3 .  

Although the census surv ival approach can be appl ied 
to two censuses , its value increases when three or more 
age distr ibutions can be compared . Countr ies that have a 
well-establ ished trad ition of census tak ing can take 
special advantage of this technique . �r example , Demeny 
and Shor ter ' s  analys is ( 1968 ) of the age d istr ibutions 
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from the censuses of TUrkey between 1 9 3 5  and 1960 shows 
c learly that the distor tions in the reported age 
distributions rema ined constant over this pe r iod .  us ing 
census surv ival techniques ,  they produced est imates of 
the pattern of misrepor ting and corrected the age 
d istr ibut ions . The cor rected d istr ibutions then revealed 
var iations in cohor t s i ze that could be expla ined in 
terms of histor ical events that probably affected the 
growth of the populat ion . A more detai led analys is for 
the per iod 1950-60 produced s imilar results (Ntoz i ,  1978 ) . 

A s imilar study of the age d istr ibutions of 
Tun i s ia--as repor ted in the censuses of 1946 , 1956 , and 
1966 and in the Nat ional Demograph ic Survey of 1968 
( Picouet , 1969 ) --demonstrated that some of the apparent 

distor tions in the reported age d istr ibut ions were due to 
r eal d i fferences in cohor t size caused by the effects of 
World War I I  on fer t i l i ty and mortality . 

I t  is impor tant to note that the assumpt ion of a 
constant pattern of age misrepor t ing in a g iven 
populat ion is not always j us t i f ied .  Although the 
evidence from India , Tur key , and the Un ited States 
demonstrate that misrepor t ing patterns can remain 
constant over relatively long per iods , changes in th e 
patterns do occur . For example , Krotk i and Beaujot have 
noted d i fferences in age reporting errors among Moroccan 
censuses ( 19 7 5 : 347 ) . 

The results from census surv ival studies can be 
compared to es t imates of net report ing errors f rom 
post-enumerat ion surveys . In par t icular , i t  is use ful to 
tes t  the results from the 1960 PES of Ghana by compar ing 
the reported age distr ibut ions from the 1960 and 1970 
censuses . Because of the effect of migrat ion on the 
Ghana ian populat ion dur ing the decade , one must l imit the 
compar i son to the census surv ival rates of the 
nat ive-born populat ion . Unfor tunately , the age 
distr ibution of the native-born is ava ilable for only 
f ive age groups in the 1960 census (Ghana , 1962 : 13 ) : 
0-4 , 5-14 , 15-24 , 25-5 4 , and 5 5  and over . This d ivis ion 
merges two age g roups that are of pr ime impor tance for 
numerous stud ies : the 15-19 and the 20-24 groups . 

Table 7 presents the census surv ival rates , the l i fe 
table surv ival rates , and the survival rates adj us ted for 
mor tal ity dur ing the per iod .  These rates adj usted for 
mor tal i ty d i f fer substant ially from 1 . 0 ,  ind icating 
extens ive repor t ing er rors or remaining ef fects of 
migration . Because the rates for two of the age cohorts 
are less than 1 . 0 ,  and one cohort has rates subs tantially 
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TABLE 7 Ten-Year Census S urvival Rate s for the Native-Born 

Popul ation of Ghana , Adj usted fo r Mortali ty and Es timate d 

Age Reporting Errors 

Census Census Survival 
Survival Rates Adj usted 
Rate by 1960 PES 

Li fe f 
Age at Census Table Li fe Table 1960 Both 1960 
First Survival Survival Surviva l Census and 1970 
Census Rate Ratea Rate Only Censuses 

Males 
0-4 0 . 80 3  0 . 914 0 . 879 0 . 884 0 . 9 38 
5-14 0 . 805 0 . 94 3  0 . 854 0 . 80 5  0 . 762 

15-24  1 . 0 5 1  0 . 926 1 . 1 35 1 . 200 1 . 18 3  

Females 
0-4 0 . 74 7  0 . 9 1 8  0 . 814 0 . 798 0 . 799 
5-14 0 . 912  0 . 94 7  0 . 96 3  0 . 962 0 . 880 

1 5- 2 4  1 . 1 1 7 0 . 9 38 1 . 190 1 . 301 1 . 3 36 

aFrom Coale-Demeny mode l l i fe tables , " North " leve l 12 . 

Source : Based on data from Ghana ( 1962 : 1 3 ;  1964 : 40 3 ; 197 5 : 5 2 ) . 

greate r  than 1 . 0 ,  migration is unlikely to have played an 
impor tant role in these distor t ions . 

In order to test the usefulness of the PES fo r 
e xpla in ing these survival rates , we first adj us ted the 
1960 age distr ibu tion according to the PES est imates of 
net e r rors in age report ing . Th is  adj ustment sl ightly 
improved only one of the surv ival rates (males aged 
0 -4 ) . The largest effect was on the oldest cohor t ,  for 
which the ratio of the surv ival rate to the l i fe table 
r a te was made even larger . The second adj ustment for age 
misrepor ting was to apply the e rror estimates from the 
1 9 60 PES to the 1970 census f igures as well , on the 
assumption that the pattern of misrepor ting was probably 
very s imilar for the two censuses . These adj ustments 
improved the rates for only one cohor t substantially 
( aga in ,  males aged 0-4 ) , wh ile most of the rates were 

move� far ther from a value of 1 . 0 .  
These tests suggest that est imates of the net er rors 

in age reporting from the 1960 census of Ghana prov ide 
l ittle help in adj ust ing the age distr ibut ion . Although 
estimates for some of the f ive-year age groups probably 
would have per formed better , it is unl ikely that they 
would have been able to improve the age d istr ibut ion 
appreciably . 
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There are two poss ible reasons why these adj ustments 
d id not succeed . The f i r s t  is that the PES probably d id 
not result in improved estimation of ages J estimates of 
net repor t ing er rors may provide l i ttle or no information 
on the real biases in age repor ting . A second reason is 
that the PES did not produce useful estimates of coverage 
e r rors . I t  is  poss ible that the coverage error s were 
substan t ial and may have d i ffered substantially for 
d i f ferent age-sex groups . Por example , in the 1968-6 9 
Nat ional Demograph ic Sample Survey of Ghana , the two 
rounds were compa red to est imate the coverage errors . 
Th is compar ison demonstra ted tha t the males and females 
aged 15  and ove r we re underenumerated by 26 and 1 5 
percen t ,  respectively (Ga i s ie , 1976 : 68 ) . Although Ga isie 
concluded that the sample su rvey had poorer coverage than 
the censuses , i t  is clear that substant ial coverage 
er rors that d i f fer by age and sex are poss ible causes o f  
the d istor t ions i n  the 1960-70 census survival ra tes . 

The 1970 and 1980 census rounds prov ide second and 
th ird censuses for many countr ies , thereby increasing the 
numbe r of populat ions to wh ich the census survival 
techniques can be appl ied . These techn iques are also 
useful for combin ing repor ted age d is tr ibutions and PES 
estimates of under repor ting to isolate er rors that are 
apparently caused by age misrepor ting . 

STABLE POPULATION ANALYSIS 

One of the most valuable tools for studying er rors in 
repor ted age d istr ibut ions is to compare them with mode l 
populat ions that reflect the bes t  guess about demographic 
trends in the population . Until recently , stable 
populat ion analys is was one of the few techn iques widely 
applicable to developing countr ies . Dur ing the 1960s and 
1 970s , many new countr ies had the i r  f i rst census and many 
of them had exper ienced only moderate decl ines i n  
mortal ity and n o  decl ine in fer t i l i ty in recent decades . 
These cond itions made i t  possible , and to some exten t 
necessary , to est imate er rors in age repor t ing by 
compar ing stable populat ion models to s ingle censuses . 

Compar ing a populat ion ' s  repor ted age d istr ibut ion to 
a stable model i s  far from ideal as a method for 
est imating age misrepor ting because it cannot dist inguish 
between content and cove rage errors ( Krotk i ,  1969 ) and i t  
i s  affected by migrat ion and fluctuations i n  fer t i l i ty 
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and mor tal ity ( Keyfitz , 1966 ) . Howeve r , numerous studies 
based on th is approach have shown tha t d istort ions in age 
distr ibut ions tend to follow patterns that appear in 
widely d i ffer ing cultures . 

To demons trate the use fulness of the stable population 
approach , we appl ied it to the age-sex distr ibution from 
the 1 9 7 2  census of Paraguay . In addi tion ,  we appl ied the 
same techn ique to the census data after adj ust ing for the 
age-sex selective undercoun ts , estimated from the 
post-enumerat ion survey . Th is allows us to evaluate the 
relat ionship between the s table populat ion estimates of 
d is tort ions and the PES est imates of distor tions due to 
selective undercounts . 

We used two i ndexes to measure how closely the data 
f i t  the s table model . The f i rs t  index is  the sum of the 
squared deviat ions of the actual propor tion in each age 
group f rom the f i tted stable model values , the smaller 
the value of that index the better the f i t . The second 
index compares the d i f ferences between the crude b i r th 
r a tes (CBR) est imated us ing a stable model and the 
propor t ions under each f i fth age from 5 to 4 5 . I f  the 
populat ion had really been s table and i f  the age 
distr ibut ions were reported correctly , all n ine est imate s  
o f  the CBR should be equal . As a n  index o f  var iab i l i ty 
we used the CBR mid-range : the d i f ference between the 
thi rd-h ighes t CBR est imate and the seventh-highest CBR 
est imate . 

Table 8 presents the results of this analys is . I t  is 
clear from the table that the adj ustment for the PES 
est imate of the undercount greatly improved the f i t  of 
the male populat ion to the stable model .  There are smal l 
improvements for many age groups , and both overall 
indexes improved noticeably for the males . However ,  th e 
f i t  of the female populat ion showed l i ttle or no 
improvement .  I t  therefore appears  that , at least fo r 
Pa raguay , the age selectivity of the undercount distorts 
the age distribution of males more than i t  does that of 
females . I t  also appears that the undercount was the 
reason that the r epor ted age d istr ibut ion for males 
produced less-consistent est imates of the CBR than was 
the case for females . 

In add ition , it  is wor th not ing that for both males 
and females the adj us tmen t for the undercount improved 
v i r tually every age group except 0-4 and 15-19 . However , 
s ince large dev iat ions persist  in many age groups , it  
appears that age misrepor t ing must be  the pr ime source of 
e r rors in many age groups . 
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TABLE 8 Stab l e  Population Ana lys i s  o f  the Reported and Adj usted Age Dis tributi on s : 

Paraguay 1 9 7 2  

Reported b y  Census Adj usted for Undercount 

c ( a ) t c ( a)  t ... 
Stable Stable Stable Stable N 

Age c ( a)  C ( a)  CBR c ( a )  c ( a)  c ( a) C ( a)  CBR c ( a) c ( a)  

Males 
0-4 16 . 00 16 . 00 3 7 . 86 17 . 26 0 . 9 3 16 . 14 16 . 14 3 8 . 2 3  1 7 . 6 3  0 . 9 2 
5-9 1 5 . 67 3 1 . 67 4 1 . 1 7a 1 4 . 42 1 . 09 1 5 . 2 7 3 1 . 4 1 40 . 7 5 14 . 65 1 . 04 

10-14 14 . 40 46 . 0 7 44 . 1 1 1 2 . 29 1 . 1 7 14 . 0 3  4 5 . 44 4 3 . 24 1 2 . 41 1 . 1 3 
15-19  1 1 . 1 7  57 . 2 3 44 . 85 10 . 46 1 . 07 1 1 . 62 57 . 06 44 . 6 3 10 . 5 1 1 . 1 1 

20-24 7 . 98 6 5 . 2 2 4 3 . 76 8 . 85 0 . 90 8 . 59 65 . 64 44 . 3 1 8 . 84 0 . 97 
24-29 6 . 1 7 7 1 . 38 42 . 08 7 . 4 7 0 . 8 3 6 . 60 7 2 . 24 4 3 . 2 9 7 . 4 2 0 . 89 
30-34 5 . 37 76 . 7 5 40 . 7 5 6 . 2 8 0 . 86 5 . 42 7 7 . 66 42 . 11a 6 . 2 1 0 . 87 
3 5- 39 4 . 3 3 81 . 08 39 . 3 3 5 . 26 0 . 82 4 . 26 8 1 . 92 40 . 62 5 . 18 0 . 82 
40-44 4 . 48 85 . 5 7 39 . 18 4 . 38 1 . 02 4 . 34 86 . 26 4 0 . 4 3 4 . 29 1 . 01 

CBR Mid-range : 4 . 4 3 2 . 6 7 

Sum of Squared Deviations from 1 . 0 :  0 . 1 38 0 . 099 
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Females 
0-4 1 5 . 2 1 1 5 . 2 1  35 . 30 16 . 32 0 . 9 3 1 5 . 31 1 5 . 3 1  3 5 . 56 16 . 80 0 . 9 1 
5-9 1 4 . 88 30 . 09 38 . 14 1 3 . 80 1 . 08 14 . 50 29 . 81 37 . 70 14 . 11 1 . 03 

10-14 1 3 . 36 4 3 . 4 5 4 0 . 05 1 1 . 87 1 . 1 3 1 3 . 5 1  4 3 . 3 2  39 . 89 1 2 . 05 1 . 12 
15-19 1 1 . 09 54 . 54 4 1 . 01 10 . 2 1 1 . 09 1 1 . 56 54 . 87 4 1 . 4 3  10 . 30 1 . 12 

20-24 8 . 24 62 . 78 40 . 3 7 8 . 74 0 . 94 8 . 90 6 3 . 78 4 1 . 62 8 . 7 5 1 . 02 
25-29 6 . 5 1 69 . 30 39 . 29 7 . 45 0 . 87 6 . 59 70 . 36 40 . 6 3  7 . 41 0 . 89 

30- 34 5 . 44 74 . 74 38 . 20a 6 .  35 0 . 86 5 . 35 7 5 . 72 39 . 46a 6 . 2 7 0 . 85 
35-39  4 . 68 79 . 4 2 3 7 . 19 5 . 39 0 . 87 4 . 49 80 . 2 1 38 . 3 3 5 . 29 0 . 85 
40-44 4 . 4 8 8 3 . 90 36 . 9 1 4 . 5 5 0 . 98 4 . 3 5 84 . 5 5 37 . 99 4 . 4 3 0 . 98 

CBR Mid- range : 2 . 86 2 . 64 

Sum of Squared Deviations from 1 . 0 :  0 . 094 0 . 096 

aThese are the median CBR estimate s , used to determine the s table fit . The mode l l i fe table used i s  
Coale-Demeny "West"  level 1 7 .  

.. 
w 

Source : Based on Marks ( 1978 : 1 7 7 - 1 7 9 )  and U . N .  Demographic Yearbook ( 19 7 5 : 2 36-2 37 ) . 
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TABLE 9 Stab l e  Population An alys i s  of the Reported and 

Adj us ted Age Di stributions : Libe ria 1 9 7 4  

Reported b y  Census 

Age 

Males 
0-4 
5-9 

10-14 
15-19 

20-24 
2 5- 2 9  
30- 34 
3 5- 3 9  
40-44 

c ( a )  

1 5 . 18 
1 5 . 10 
1 1 . 5 3 

9 . 96 

7 . 18 
7 . 08 
6 . 2 1 
6 . 2 4 
4 . 76 

CBR Mid-Range : 

C ( a )  

1 5 . 18 
30 . 2 8 
4 1 . 81 
5 1 . 7 7  

58 . 94 
66 . 0 2 
72 . 2 2 
78 . 46 
8 3 . 2 2 

Sum of Squared 
Deviations from 1 . 0 :  

Females 
0-4 
5-9 

10- 1 4  
1 5 - 1 9  

2 0 - 2 4  
2 5- 2 9  
30- 34 
35- 39 
40-44 

1 5 . 11  
14 . 69 
10 . 18 
1 1 . 2 2 

9 . 01 
8 . 99 
7 . 74 
6 . 1 7 
4 . 1 5 

CBR Mid-Range : 

15 . 1 1 
29 . 80 
39 . 99 
5 1 . 20 

60 . 2 1 
69 . 20 
76 . 95 
8 3 . 12  
87 . 2 7 

Sum of Squared 
Devi ations from 1 . 0 :  

CBR 

39 . 77a 

4 3 . 9 3 
4 3 . 30 
42 . 7 1 

40 . 30 
39 . 35  
3 8 . 4 5 
38 . 8 1 
38 . 14 

4 . 5 3 

38 . 5 2 
4 1 . 95a 
39 . 70 
4 1 . 1 8  

4 1 . 4 1 
4 3 . 28 
4 5 . 38 
4 7 . 12 
46 . 9 5 

4 . 20 

c ( a )  t 
Stable 
c ( a )  

1 . 00 
1 . 18 
1 . 01 
0 . 9 8 

0 . 80 
0 . 90 
0 . 91 
1 . 06 
0 . 94 

0 . 098 

0 . 9 3 
1 . 09 
0 . 87 
1 . 10 

1 . 02 
1 . 18 
1 . 19 
1 . 12 
0 . 89 

0 . 1 3 5  

Adj usted for Undercount 

c ( a )  

1 5 . 39 
1 5 . 16 
1 1 . 60 
10 . 60 

7 . 38 
7 . 11 
6 . 2 1 
6 . 20 
4 . 60 

1 5 . 98 
14 . 86 
10 . 1 2 
1 1 . 66 

8 . 9 7 
8 . 75 
7 . 56 
5 . 9 7 
3 . 94 

C ( a )  

1 5 . 39 
30 . 5 5 
4 2 . 14 
52 . 7 5 

60 . 1 3 
6 7 . 2 4 
7 3 . 4 5 
79 . 6 5  
84 . 2 4 

1 5 . 98 
30 . 8 3 
40 . 95 
52 . 61 

6 1 . 58  
70 . 3 3 
7 7 . 88 
8 3 . 86 
87 . 79 

CBR 

4 0 . 39 
44 . 4 3  
4 3 . 80 
44 . 07 

41 . 8 3 
40 . 90a 
40 . 1 3 
40 . 6 3  
39 . 98 

3 . 4 1  

40 . 9 5  
4 3 . 78a 
4 1 . 09 
4 3 . 04 

4 3 . 20 
4 4 . 87 
46 . 9 2 
48 . 5 2 
48 . 1 3 

3 . 88 

c ( a ) t 
Stable 
c ( a)  

0 . 99 
1 . 16 
1 . 00 
1 . 0 3 

0 . 82 
0 . 9 1 
0 . 92 
1 . 07 
0 . 9 3 

0 . 083 

0 . 94 
1 . 07 
0 . 84 
1 . 1 3 

1 . 01 
1 . 16 
1 . 18 
1 . 11 
0 . 87 

0 . 1 38 

aThese are the median CBR estimates , used to determine the stable 
fit . The mode l l i fe table used is Coale-Demeny "West " Level 11 . 

Source : Based on Marks and Rumford ( 1978 : 190- 1 9 1 )  and U . N .  Demo­
graphic Yearbook ( 19 78 ) . 
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4 5  

Table 9 presents the same type of analys is for the 
1 9 7 4  census of Libe r ia ,  with adj ustments based on the 
es t ima tes of underenumeration f rom the PES . The results 
of  th is analys is are s imilar to those for Paraguay . 
Adj ust ing for underenumeration increased the consistency 
with the stable model for both the male and female age 
distr ibut ions . Once again , the improvement in the f i t  
for the males was more substant ial than that for the 
females , reducing the mid-range of the CBR estimates by 
more than one point . Th is sugges ts that age-select ive 
underenumeration is a more impor tant source of er ror for 
males than it is for females . As in the Paraguay case , 
the adj ustmen t  for underenumeration increased the 
d i f ference between the repor ted d istr ibut ion and the 
stable model for females 15-19 and had the same effect on 
females 10-1 4 . For males 1 5-19 , the adj ustment reversed 
the relationsh ip between the reported distr ibution and 
the s table , rais ing the repor ted value from 2 percent 
below the stable to 3 percent above i t .  

There i s  one further s imilar i ty between these two 
populations . In both cases , adj usting the distribution 
increased the median est imate of the CBR (wh ich was used 
to determine the age distr ibut ion ) by at least one point 
for both sexes . The ma in reason for this is the fact 
that in both cases the es t imates of the degree of 
undercount are lower for ages over age 3 5 . This 
relatively low underenumerat ion over age 3 5  was seen in  
Table 1,  which showed this to be  a feature of all the 
populat ions for wh ich such estimates are available . Thi s 
conclus ion suppor ts the fears expressed by Krotk i 
( 19 6 9 : 9 )  that the methods recommended in U . N .  Manual I V  
for estimat ing fertil ity rates from s table age 
d istr ibutions might lead to underestimation of fer t i l i ty 
because of age-spec i f ic underenumeration . 

Although both the Liber ian and the Paraguayan ag e 
d istr ibut ions were apparently improved by mak ing 
adj ustments for the est imated underenumeration , ther e 
were still s ign i f icant d i f ferences between the repor ted 
and the stable distr ibutions . These d i f ferences are 
probably due to age misrepor t ing , although some of the 
distor t ion probably is caused by unde tected 
underenumerat ion and real deviations from stability .  
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4 Typical Patterns of 
Distortion in Reported 
Age Distributions 

Although age misrepor ting and the age selectivity of  
content errors are  clear ly related to the des ign of the 
survey , the train ing of the interv iewers , and the cultural 
envi ronment of the populat ion , there are common patterns 
of d is tortions that are found in censuses and surveys 
conducted in widely d i f fer ing settings . 

Dur ing the last 15 years , s tudies in developing 
countr ies have produced extens ive information about these 
patterns and the reasons for them . One of the most 
comprehens ive stud ies was car r ied out at the Off ice of 
Population Research at Pr inceton under the direct ion of 
Ansley Coale and Paul Demeny . Th is research was based on 
stable population analys is of more than 150 age-sex 
d istr ibut ions from censuses or surveys of populat ions 
thought to be approx imately stable ( Un i ted Nations , 
1 9 6 7 : 17-2 3 ) . These studies led to the d iscovery of two 
bas ic patterns of distortion . The first pattern is 
typical of populations in Africa and southern As ia , wh ile 
the second is typical of Latin Amer ica . The so-called 
African pattern is characte r i zed by •a systematic form of 
un idi rectional age-misrepor ting over a broad range• wh ich 
even d istorts the cumulated age distr ibution ( Un ited 
Nations , 196 7 : 19 ) . The Latin Amer ican pattern •causes 
pronounced age heaping by s ingle years , the distr ibution 
by f ive-year s  tends to alternate excesses and def icits , 
and the cumulative distribut ion i s  not much distor ted . "  

4 6  
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The Afr ican pattern of d is tortions for females i s  
characte r i zed by • a  surplus at 5-9 , and a def icit in the 
adolescent age intervals ( 1 0 -14  and 15-19 ) , followed by a 
surplus in the central ages of ch ildbearing ( 25-34 ) •  
(Un i ted Nations , 1967 : 19 ) . For males , the distortions 
appear to be larger and there are fewe r s imilar ities 
between the patterns for var ious countr ies . Coale and 
Demeny concluded that these distor tions have three maj or 
causes : ( 1 )  a tendency to exaggerate the ages of ch ildren 
0 -4 , ( 2 )  a tendency to exaggerate the ages of girls 10-14 
if  they have passed puber ty and to unde rstate the ages of 
those who have not reached puberty ,  and ( 3 ) a tendency to 
exaggerate the ages of women 15-29 , probably to make the i r  
ages consistent with expectat ions regard ing age at 
mar r iage and fer t i l i ty .  

The Lat in Amer ican pattern i s  much s impler and 
gene rally involves preference for the age groups 25-29 and 
3 5-39 over the groups 30-34 and 40-44 . There also seems 
to be a general surplus of women reported at 20-29 . 
Unl i ke the Afr ican pattern , the male Latin Amer ican 
patte rn seems to be less distor ted than the female (Un i ted 
Nations , 1967 : 21 ) . 

The patterns of d istor tions in age repor ts discovered 
through stable population analys is prov ide valuable 
i nformation that can help researchers recogn ize 
d i s tor t ions due to age misrepor ting and content errors . 
Moreover ,  these patterns g ive us some confidence that 
studies of distortions in pa rticular populations may apply 
to other populations . However ,  this approach cannot 
provide detailed knowledge of the reasons for the 
d istortions and it provides l ittle information about the 
impact of misrepor t ing on analyt ical techniques other than 
s table population analys i s . It also fails to distinguish 
between distort ions in the repor ted age distr ibution that 
a re caused by misrepor t ing and distort ions due to 
age-selective omiss ion rates . 

I t  is useful to note that even random er rors , wh ich are 
themselves unb iased , can introduce distor tions into an age 
d istr ibut ion . Record ing e r rors for the young cannot be 
unbiased , because of the impossibility of record ing a 
negat ive age , but a normally d istr ibuted error term 
beg inning at some age such as 10 will tend to reduce the 
s ize of large age groups and inflate small ones . In any 
populat ion with a bas ically tr iangular age distr ibut ion , 
s uch as a stable populat ion with a pos i t ive growth rate , 
an error term that is normally distr ibuted a fter ch ildhood 
and of constant standard deviation will inflate the 
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population a t  each age , giving r ise to a n  impression o f  
age exaggerat ion . Th is e f fect , however ,  is extremely 
small . For example ,  in a stable populat ion with a growth 
rate of 2 . 5  percent per year and an expectation of l i fe at 
birth of 57 . 5  years , a normally d istr ibuted er ror with a 
s tandard deviation of three yea rs affecting the entire 
repor ting population would inflate the population aged 2 0  
by 0 . 29 percent and the population aged 7 0  by 0 . 47 
percent . These biases , wh ich from a practical point o f  
v iew are unimpor tant ,  would b e  increased somewhat i f  the 
standa rd deviation of the error term increased with age , 
a s  it  probably would . The s i ze of the error is a function 
of the slope of the age d istr ibution , and i t  wi l l  
therefore increase with age , bu t it  can never have a 
quantitat ively impor tant effect on the age distr ibution 
under 7 0 . Th is er ror has been d iscussed at some leng th 
because it prov ides an interest ing example of the complex 
e f fects of even s imple age repor ting er rors . 

In the sect ions that follow , we rev iew the studies tha t 
have shed l ight on the causes of age d istor tions in three 
broad age groups : infancy and ch ildhood ( ages 0-14 ) , 
adolescence and the ear ly childbear ing years ( 1 5-29 ) , and 
ages 30 and over . In each case we evaluate the relative 
impor tance of content and cove rage errors in creat ing the 
distort ions and attempt to determine the l ikely 
characteristics of those whose age is misrepor ted or who 
are missed by the enumerators . 

AGE MISREPORTING FOR INFANTS , YOUNG CHI LDREN , AND 
ADOLESCENTS 

The ages of infants and ch i ldren are probably repor ted 
more accurately than the ages of adults . The re are two 
impor tant reasons for thi s . First , the ages of chi ldren 
are generally repor ted by parents or other adults who 
remember the birth . Second , the rapid phys iolog ical and 
psycholog ical changes dur ing ch ildhood make it eas ier to 
guess a child ' s  age with reasonable accuracy . However , 
because accurate report ing of these age groups is so 
i mpor tant in est imating recent fer t i l i ty rates , small 
er rors for these age groups may be more troublesome than 
larger errors at later ages . 

Several recent studies of age misrepor ting prov ide 
e xceedingly accurate evidence on repor ting errors among 
chi ldren . Two of them , Gibr i l ' s  study of Gambia ( 1975 ) 
and P ison ' s  study of Senegal ( 1 9 7 8 , 1979 , 1980 ) , are based 

Copyright © National Academy of Sciences. All rights reserved.

Age Misreporting and Age-Selective Underenumeration:  Sources, Patterns, and Consequences for Demographic Analysis
http://www.nap.edu/catalog.php?record_id=19649

http://www.nap.edu/catalog.php?record_id=19649


4 9  

on match ing o f  individual records from a survey or census 
with r ecords from long-term med ical or demograph ic 
studies . A third s tudy by Caldwell (1966 ) is based on a 
follow-up survey among 1 , 0 0 0  b i r ths recorded in the birth 
reg istration area of Ghana . All three provide estimates 
of  the gross e r rors in the repor t ing of age . 

Table 10 presents the proportion of children whose age s 
were repor ted cor rectly , the proportion exaggerated , and 
the proportion unde rstated from each of the three 
s tud ies . Caldwell ' s  data cover only ages 0-8 whi le 
P ison ' s  cover ages 3-14 . Gibr il ' s  data are ava ilable only 
for five-year age groups . All three studies show 
decreas ing accuracy with age ; by age 8 ,  only 30 to 4 0  
percent repor t the cor rect age . Th is finding i s  clearly 
consistent with the fact that by age 8 phys ical changes 
a r e  less rapid than they are under age 5 ; by age 8 ,  visual 
examination of a chi ld prov ides fewer clues to his exact 
age . 

Table 11 shows the mean er ror in reported ages for 
Ghana and Senegal . Both studies show a sl ight bias towar d  
over•tat ing the ages of chi ldren u p  to about age 6 .  After 
age 8 the Senegal data show understatement of age ; the 
Gamb ian data in Table 10 show a clear downward bias in 
repor ted age for the 10-14 age group . 

P i son noted that at all ages there i s  a per s istent 
proport ion of parents who repor t the ir ch ild ' s  age by the 
number of rainy seasons s ince the birth ( 19 7 8 : 42 ) . Since 
the 1977  survey was car r ied out in May , for the children 
born between May and October the number of ra iny seasons 
s ince the ir birth would be one greater than the ir  actual 
age . Caldwell ' s  explanat ion for the exaggeration of the 
ages of young ch ildren is  similar : if parents tend to 
round off the ir ch ild ' s  age , rather than truncat ing it to 
the number of completed years ,  this would lead to an 
exaggerat ion of ages . For example , i f parents repor t the 
age of a child as 4 yea rs if the ch ild is between 3 years 
6 months and 4 years 5 months , then about hal f of the 
children aged 3 at thei r  last b i r thday would be reported 
a s  4 years old . His analys is of age misrepor ting clearly 
shows that most of the cases of overstatement by 1 yea r 
i nvolved persons who were within 6 months of the repor ted 
age (Caldwell ,  1966 : 48 7 ) . 

The data from Senegal and Gambia both exh ibi t larger 
proport ions understating age than overstating age above 
about age 7 ,  despite the strong persistence of 
over s tatement by 1 year . In Pison ' s  data from Senegal , 
unders tatement by more than 1 year is far more common than 
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TABLE 10 Gross Errors i n  Reported Age s o f  Chi ldren Aged 0 - 1 4 , Expre ssed i n  Percentage s : 

Ghana , Senega l , and Gamb i a  

Ghana Senegal Gambia 

Under- Stated over- Under- Stated Over- Under- Stated OVer-
Real Age stated Correctly stated stated Correctly stated stated Correctly stated 

0 99 1 
1 1 76 2 3  
2 1 66 3 3  
3 9 6 3  2 8  7 46 46 
4 8 6 1  31 17 54 29  

0-4 9 5  5 87 12  

5 1 3  62 2 5  2 9  38 3 3  
6 12  5 7  3 1  3 9  4 3  1 8  Ul 
7 2 7  3 5  38 4 5  40 15 C) 

8 2 7  4 2  3 1  5 6  3 0  1 4  
9 5 3 31 16 

5-9 12  84 4 9 81 10  

1 0  5 3  36 1 1  
1 1  5 8  1 8  24 
1 2  65 2 0  1 5  
1 3  6 7  1 5  1 7  
1 4  59 2 9  1 2  

10-14 32 64 4 26 66 8 

Note : The totals given for ages 0-4 in Senegal are based on the assumption that the ages of all chi ldren 
aged 0 ,  1 ,  and 2 were reported correctly as 0-4 . 

Sources :  Ghana : Caldwe l l , 1966 : 48 5 . Senegal : Pi son , 1978 : 39-40 and 1979 : 64 3-646 . Gambia :  Gibri l ,  
19 7 5 : 67-68 . 
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TABLE 1 1  Mean Error i n  Years i n  Reported Age s  o f  Chi ldren 

Aged 0 - 1 4 : Ghana and Senegal 

Real Age 

0 
1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11  
12 
1 3  
14 

Ghana 

0 . 0  
0 . 2  
0 . 4  
0 . 2  
0 . 3  

0 . 1  
0 . 3  
0 . 1  

- 0 . 1  

Senegal 

0 . 4  
0 . 2  

0 . 1  
-0 . 3  
-0 . 5  
-0 . 8  
- 0 . 7  

- 1 . 2  
-1 . 2  
- 1 . 5  
- 1 . 5  
- 1 . 5  

Not e : Posi tive values indicate a mean exaggeration of age ; nega­
tive values i ndicate a mean understatement . 

Sourc e s : Ghana : Based on Caldwe l l , 1966 : 485 . Senega l : From 
Pison , 1978 : 39-40 and 1979 : 64 3 .  

over s tatement o f  the same magni tude at ages 6 and above . 
Caldwell ' s  data for Ghana show a s imilar pattern at age 8 
and some evidence of th is phenomenon at age 7 .  

The Census Evaluat ion Study of the 1971 census of Ind ia 
produced comparable data on age mis reporting among 
children born dur ing the four years preced ing the census . 
The s tudy matched a sample of births from the Sample 
Reg i strat ion System with the census reports on a 
case-by-case basis . Unfor tunately , only partial results 
f r om thi s  study have been publ ished . Preliminary 
informat ion from the study is s imilar to the results o f  
the other studies . O f  the populat ion aged 0-4 , 6 . 1  
per cent of the males and 4 . 2  percent o f  the females wer e 
r epor ted as be ing aged S-9 ( Raghavachar i and Natarajan ,  
197 4 : 5 ) , a result qui te consistent wi th the f ind ings from 
Senegal g iven in Table 10 . 

Table 12  presents the mult ipl icat ive adj ustment factors 
needed to adj us t the Indian populat ion aged o, 1 ,  and 2 
for net repor ting e r rors . These f igures show that the net 
impact of age misrepor ting on the infant population is 
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TABLE 1 2  Adj us tment Factors for Net Age Mis reporting for 

I n fants : Eva luation S tudy , 1 9 7 1  Census of India 

Age in Census Males Females 

0 1 . 04 1 . 01 

1 1 . 3 5 1 . 3 3 

2 0 . 87 0 . 90 

Source : Raghavachari and Natara j an ,  1974 : 4 .  

sl igh t ,  whereas the s i ze of the populat ions aged 1 and 2 
i s  ser iously distor ted by mis report ing . Although the data 
cover only these three ages , they are cons istent with a 
large amount of age exaggerat ion among those aged 1 .  
There does not , however ,  seem to be s imilar exaggeration 
among those aged 2 .  

Table 1 3  presents data from 19 Afr ican censuses which 
can be compared with the studies by Gibr il , Caldwell , and 
P i son .  The table shows the ratio of the populat ion 
repor ted at age x to the populat ion repor ted at age x + 
1 .  I n  almost all the countr ies the data show clear 
ev idence of preference for even-numbered ages above ag e 
s .  Ne ither Gibr il , Caldwell , nor Pison d iscusses this 
k i nd of digit preference . 

Table 14 presents a s imulat ion of age misrepor t ing 
based on Pi son ' s  matr ix of age repor t ing . The s imulat ion 
s tarts with a stable populat ion with a growth rate of 2 
percent and Coale and Demeny ' s  •North • model l i fe table 
level 10 , and appl ies the pattern of misrepor ting 
ind icated by Pison ' s  Senegal data . The results show a 
c lear preference for ages 4 ,  6 ,  7 ,  and 10 . The pattern of 
misreporting ind icated by the s imulat ion is not exactly 
the same as the pattern impl ied by the data in Table 13  
from the 1961  census of Senegal . Both show the same 
preference for age 7 J  however ,  in the Senegal census the 
preference for 7 seems to replace the usual preference for 
age 6 ,  whereas in Pison ' s  study it replaces the usual 
preference for age 8 .  In any case it seems clear that in 
Senegal there is a preference for even-numbered ages and 
for age 7 .  

Caldwell ' s  data (1966 : 47 9 )  provide some evidence of 
preference for even digits but not enough to explain the 
2 5  percent surplus of persons aged 6 and 8 over those aged 
7 and 9 found in the 1960 census of Ghana . 
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I t  i s  qu ite poss ible that the careful training o f  
interviewers  used for this study or the need to de�end on 
urban populations reduced the amount of d ig it preference 
to below the level found in the census . 

Preference for ages 8 ,  10 , and 1 2  is  common in data 
f rom other par ts of the wor ld . A survey of 4 censuses 
from North Afr ica , 6 from South Amer ica , and 15 from As ia 
demonstrates that preference for even-numbered ages is 
very strong almos t everywhere . This preference i s  also 
found in the World Fer tility Surveys in Nepal , Sr i Lanka , 
and Colombia , and a pre ference for ages 10 and 12  appear s  
i n  the WFS surveys in Fij i and Mex ico . 

A second feature. of the Afr ican census data reviewed i n  
Table 1 3  is the wide d ivers i ty in the ratio o f  the 
population aged 0 to the populat ion aged 1 .  Th is di ffer s 
f rom Caldwell 1 s  f ind ing that •extraord inary accuracy 
character izes the group under 1 year of age • (1966 : 48 5 ) . 
The range of rat ios in Table 13 ( from 0 . 3 3 to 1 . 48 )  
suggests that countr ies vary widely i n  the degree of 
underrepor ting of the populat ion aged 0 and in the degree 
of accuracy of age reporting among ch ildren aged 0 and 1 .  
These rat ios can also be a ffected by annual fluctuat ions 
in b i r th rates and infant mor tal ity rates . In add ition , 
d i f ferent instruct ions to the census takers , d i f ferent 
emphases in training , and the des ign of the census 
questionna ire all affect the repor ting and repor ted ages 
of ch ildren under age 2 .  I t  is  unlikely that such a w ide 
r ange could be explained by any one phenomenon . 

I t  i s  interesting to note that even in the World 
Fer tility Surveys there is great var iat ion in the ratios 
of the populat ion aged 0 to the population aged 1 and o f  
the population aged 1 to the populat ion aged 2 (Domin ican 
Republic , 1976 J Fij i ,  1976 J Colomb ia , 1977 J Nepal , 197 7 J  
I ndones ia , 1978 J Mexico , 1978 , Sr i Lanka , 1978 ) .  For 
example , the · ratios der ived from the survey in Nepal wer e  
both greater than one ( 1 . 11 and 1 . 07 ,  respect ively ) ,  while 
in Mex ico they we re both less than one ( 0 . 9 2 and 0 . 95 ) , 
and in Fij i they were mixed ( 0 . 9 3 and 1 . 00 ) . 

In summary , it  appears that s ingle-year age 
d istr ibut ions are frequently distor ted by d ig i t  preference 
over age s ,  by decreasing accuracy at the older ages of 
c h i ldhood , and poss ibly by increasing understatement of 
age . In add it ion , the populat ion aged 0 is distor ted by a 
variety of factors that make generali zat ions imposs ible . 

Ev idence on the reasons for some of these er ror s is 
d e r ived from Scott and Sabagh 1 s  study on the value of 
histor ical calendars . In the i r  d iscuss ion of the va r iou s 
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TABLE 1 3  Ratio o f  the Reported Population Aged x to the Reported Population Aged x + 1 ,  for 

Age s  0- 1 3 : 19 Afri can Censuses 

Age 

x = O  1 2 3 4 5 6 7 8 9 1 0  1 1  12 13 
x + l = l 2 3 4 5 6 7 8 9 10 11 12  13  14  

U1 
Country Year .co. 

Botswana 1964 0 . 56 0 . 91 0 . 9 7 1 . 00 0 . 95 1 . 09 1 . 00 1 . 0 3 1 . 02 1 . 01 1 . 6 3 0 . 62 1 .  55 0 . 9 1 

Ghana 1960 1 . 31 0 . 82 0 . 90 1 . 1 1 1 . 12 0 . 94 1 . 2 7 1 . 00 1 . 2 5 0 . 89 1 . 68 0 . 66 1 . 2 9 1 . 1 4 

Kenya 1962 1 . 09 0 . 62 1 . 1 1 0 . 96 1 . 2 5 0 . 88 1 . 30 0 . 78 1 . 54 0 . 6 7 2 . 26 0 . 46 1 . 82 1 . 24 
1969 0 . 89 0 . 89 1 . 11 0 . 99 1 . 09 0 . 97 1 . 20 0 . 90 1 . 2 7 0 . 86 1 . 54 0 . 69 1 . 36 1 . 09 

Lesotho 1966 0 . 89 1 . 07 0 . 91 1 . 0 3 0 . 92 1 . 04 1 . 11 0 . 9 3 1 . 08 0 . 86 1 . 38 0 .  7 1  1 . 17 0 . 98 

Liberia 1962 1 . 48 0 . 5 5 0 . 88 1 . 08 1 . 11 1 . 05 1 . 28 0 . 91 1 . 2 5 0 . 92 2 . 1 7 0 . 53  1 . 58 1 . 1 5 

Mauritius 1952 0 . 99 0 . 9 3 1 . 09 1 . 10 1 . 04 1 . 19 0 . 95 1 . 0 1 1 . 30 0 . 97 1 . 11 0 . 87 1 . 1 5 1 . 06 
1962 1 . 1 1 0 . 94 1 . 01 0 . 99 1 . 01 1 . 04 1 . 04 1 . 05 0 . 96 1 . 02 0 . 99 1 . 0 3 1 . 20 1 . 02 

Nigeria 196 3 0 . 80 0 . 99 0 . 89 1 . 09 1 . 07 1 . 14 0 . 89 1 . 2 7 0 . 85 0 . 96 2 . 0 5 0 . 59 1 . 58 0 . 90 

Senegal 1961 1 . 29 0 . 82 0 . 91 1 . 0 3 1 . 0 7 1 . 09 0 . 92 1 . 22 1 . 30 1 . 1 1 1 . 1 2 1 . 04 1 . 06 1 . 19 
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Southern 
Rhodesia 
( "Afri can " 

population) 1969 0 . 3 3 1 . 16 1 . 09 1 . 02 0 . 91 1 . 12 0 . 96 1 . 21 0 . 78 1 . 2 1 1 . 0 3  1 . 1 7 0 . 9 3 0 . 79 

South West 
Africa 1946 0 . 84 0 . 96 0 . 79 0 . 99 1 . 02 0 . 97 1 . 1 3 0 . 9 3 1 . 2 3 0 . 83 1 . 52 0 . 75 1 . 4 3 1 . 0 3 

Swazi land 1966 1 . 20 0 . 85 0 . 97 1 . 08 0 . 96 1 . 02 1 . 1 1 0 . 94 1 . 14 0 . 94 1 . 34 0 . 7 7 1 . 1 8 1 . 07 

Tanzania 1967 1 . 1 1 0 . 84 0 . 87 1 . 05 1 . 11 0 . 98 1 . 1 3 1 . 07 1 . 16 0 . 95 1 .  76 0 . 64 1 . 35 1 . 06 

Togo 1958-60 1 . 4 1 0 . 86 0 . 72 1 .  32 0 . 96 0 . 99 1 . 16 1 . 2 2 1 . 2 1 1 . 19 1 .  70 0 . 71 1 . 42 1 . 12 

Tunisia 1966 0 . 96 1 . 00 1 . 0 7 1 . 06 1 . 09 0 . 95 1 . 10 1 . 0 3 1 . 08 0 . 97 1 . 10 1 . 97 1 . 1 1 1 . 05 

Uganda 1969 0 . 69 0 . 99 1 . 05 1 . 04 1 . 12 0 . 99 1 . 22 0 . 9 3 1 . 2 4 0 . 88 1 . 54 0 . 68 1 . 32 1 . 0 3 

Union of U1 
U1 

South Africa 1946 0 . 85 0 . 94 0 . 99 1 . 01 1 . 07 0 . 92 1 . 2 3 0 . 83 1 . 30 0 . 78 1 . 62 0 . 6 3 1 . 38 1 . 07 

Zambia 1969 1 . 08 1 . 05 1 . 04 1 . 0 3 1 . 02 1 . 01 1 . 06 1 . 14 0 . 9 3 1 . 10 1 . 14 1 . 02 1 . 16 1 . 0 3 

Source : u . N ,  Demographic Yearbooks , 1955-7 3 .  
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TABLE 14 S imulation o f  Age Misreporting at Age s  3- 14 , Sexes Combined : Based on Pi son ' s  S tudy 

in S enega l 

Ages 

Measures 3 4 5 6 7 8 9 10 11 1 2  1 3  1 4  

Stable Popul ationa 7 ,  324 7 , 016 6 , 804 6 , 598 6 , 398 6 , 20 5  6 , 01 7  5 , 8 35 5 , 688 5 , 544 5 , 404 5 , 267  

Matrix o f  Mi sreportingb 

Percent biased : 

up 4 years 2 . 1  2 . 2  
up 3 years 0 . 0  1 . 3  1 . 6  2 . 8  6 . 2  2 . 2  
up 2 years 3 . 1  2 • .; 0 . 0  1 . 9  2 . 0  1 . 3  0 . 0  2 . 8  1 . 5  4 . 3  
up 1 year 46 . 7  26 . 2  30 . 8  1 5 . 8  1 3 . 2 12 . 0  1 3 . 8  9 . 4  18 . 1  7 . 7  8 . 7  1 1 . 8  

0 year 46 . 7  5 3 . 8  38 . 5 4 3 . 2  39 . 6  30 . 0  
V'l 

3 1 . 3  35 . 9  18 . 1  20 . 0  1 5 . 3  29 . 4  01 

down 1 year 6 . 7  16 . 9  2 5 . 6  2 3 . 2  26 . 4  28 . 0  20 . 0  1 7 . 2  2C . 8  9 . 2  2 1 . 7  1 7 . 6  
down 2 years 2 . 6  1 2 . 6  1 5 . 1  1 8 . 0 2 1 . 3  9 . 4  8 . 3 29 . 2  8 . 7  14 . 7  
down 3 years 3 . 2  3 . 8  8 . 0  8 . 8  1 5 . 6  9 . 7  6 . 2  2 1 . 7  5 . 9  
down 4 years 2 . 0  1 . 3  7 . 8  1 2 . 5  7 . 7  0 . 0  5 . 9  
down 5 years 1 . 3  3 . 1  6 . 9  1 2 . 3  1 5 . 2  14 . 7  

" Reported" Population 10 , 2 1 4  7 , 710 9 , 347  9 , 075  6 , 258 5 ,  34 3 8 , 2 32 

Ratio of Reported to Re al 1 . 46 1 . 1 3 1 . 42 1 . 4 2 1 . 01 0 . 89 1 . 41 

Popul ation Reported 

at Age x 

t Population Reported 

at Age x + 1 1 . 32 0 . 82 1 . 0 3 1 . 4 5 1 . 1 7 0 . 62 

a 
b

The stable or " real " population used i s  from Coale-Demeny model l i fe tables , "North" leve l  10 , r • 1 . 02 .  
From Pi son , 197 8 : 39-40 and 1979 : 64 3 .  
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estimates of age for ch ildren aged 4-1 3 , they repor t the 
following ( 1970 : 101 ) : 

I t  is clear that for both males and females there is 
a not iceable heaping at even ages ( 6 ,  8 ,  10 , and 1 2 ) 
in  the d istr ibut ion based on the eye est imate . On 
the other hand , the d istr ibut ion based on the 
calenda r estimate is more regular for ages 8-13 . 
The marked heapings at age 7 for both sexes may have 
been the result of a more frequent use of an 
impor tant event in the recent h i s tory of Morocco 
( the return of King Mohammed v in 1955 ) . Thus , 

while the calendar est imate yields a more regular 
d istr ibution than the eye est imate , it  is not free 
from irregular i ties generated , in par t ,  by the use 
of ' popular ' even ts . 

From the ava ilable stud ies , it appears that there are 
seve ral ways i n  which report ing of ages among ch ildren can 
be improved . Firs t ,  Scott and Sabagh ' s  study suggests 
that us ing an histor ical calendar with annual events can 
increase the smoothness of the reported age d istr ibut ion 
for ch i ldren . Although Caldwell and Igun ' s  study 
( d i scussed at length in the append i x )  suggests that the 

use of calendars may lead to sys tematic overstatement of 
ages , the i r  evidence on this is amb iguous at the younges t  
ages . A second approach , which might improve reporting of 
s ingle-year ages among ch ildren , would be to try to use 
local traditional methods of age reporting . For example , 
i f  children ' s  ages are frequently based on the numbe r of 
rainy seasons s ince the ir  b i r th ( as i s  apparently the case 
in Senegal ) ,  then collect ing data on both the number of 
winters s ince the child ' s  b i r th and the season of the 
child ' s  birth could improve est imates of •age last 
b i r thday . • However ,  the value of such techn iques may b e  
l imi ted to certain age g roups . Both the use of h i s tor ical 
calendars and the use of a quest ion on season of b i r th 
could prove useful up to abou t age 1 0  or 1 2 , but they 
probably would be less use ful above age 15 . 

Before proceed ing to the older age groups i t  is  
important to review some of the data on  underenumeration 
of young children , s ince both stable population analys i s  
and census surv ival approaches to s tudy ing age 
misrepor t ing are sens it ive to unde rreport ing of chi ldren . 
The compar ison of undercoun ts estimated from 
pos t-enumerat ion surveys in Table 1 showed that in most 
cases ch ildren aged 0-4 were undercounted relat ive to 
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coverage for the populat ion as a whole . However ,  because 
the undercount ing of ch ildren is not apt to be more than 2 
percen t relative to the undercount of the res t of the 
populat ion , the repor ted proport ion aged 0-4 may 
frequently be of f by less than 0 . 0 0 3  pe rcent due to 
underenumerat ion ( tha t is , an er ror of 2 percent in a 
proport ion aged 0-4 tha t consti tutes 1 7  percent of the 
total population ) . 

The data presented in Table 1 suggest that census 
surv ival est imates of the underenumerat ion of ch i ldren 
aged 0-4 might provide good est imates of the absolu te 
amount of underenume rat ion , bu t these est imates probably 
overest imate the impor tance of th is problem for stable 
populat ion analys is . The reason for th is is that while 
the populat ion aged 0-4 is usually counted less completely 
than the rest of the populat ion , those aged 10-14 are 
generally coun ted more completely . Therefore a compar ison 
of the populat ion 0-4 at one census with the population 
1 0 -14 ten years later probably overstates the 
unde renumerat ion of young ch i ldren relat ive to the total 
population . 

The Census Evaluat ion Study of the 1971 Census of Ind ia 
produced estimates of the omiss ion rates for ch ildren aged 
o ,  1 ,  and 2 .  These data , g iven in Table 15 , show an 
apparent undercount of about 14 percen t among infants , 1 8  
percent among those aged 1 ,  and about 8 percent among 
those aged 2 .  The s l ightly h igher omiss ion rate for 
1-year-olds relative to infants is expla ined by the fact 
that all women were spec if ically asked about births dur ing 
the previous year ( Raghavachar i  and Natarajan , 1974 : 5 ) . 

TABLE 1 5  Est imated Omi s s i on Rates o f  Chi ldren Aged 0 ,  1 ,  

and 2 :  Evaluation S tudy , 1 9 7 1  Census o f  India 

Estimated Percent Omitted 

True Age Males Females 

0 14 . 5  1 3 . 2  

1 1 8 . 4  1 7 . 6  

2 9 . 4  7 . 1  

Source : Based on Raghavachari and Natara j an ,  1974 : 5 .  Unlike the 
figures given in the original report of the Evaluation Study , 
these percentages are the percent of the true population that was 
not enumerated . 
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The drop i n  the omiss ion rate at age 2 suggests tha t the 
overall omiss ion rate for the age group 0-4 might be in 
the range of 10 to 12  percent . Unfor tunately , est imates 
o f  the undercount for the total populat ion have not been 
published , so it is not possible to est imate the er ror in 
the repor ted proport ion aged 0-4 . S ince these estimates 
are based on the match ing of birth registration forms with 
census forms , it  would be useful to know the extent of 
match ing problems in the study . 

The Un ited States In fant Enumerat ion Study of 1950 
shows one poss ible reason why the undercount for infant s 
i s  closely t ied to the undercount at other ages . In that 
s tudy , 8 2  percent of the infants who we re not reported in 
the census were the children of adults who were also not 
l i s ted in the census (U . S .  Bureau of the Census ,  1953 ) . 
Th is suggests the hypothes is that the underenumerat ion of 
per sons aged 15-19 and of ch ildren aged 0-4 might be 
caused by the omiss ion of newly formed small households or 
fam i l ies . 

AGE DI STRIBUTION DISTORTIONS AND UNDERENUMERATION AT 
AGES 15-29 

Between the ages of 15  and 30  most ind iv iduals reach 
pube r ty ,  form the ir first  conj ugal un ion , and have thei r 
f i rst  ch ildren . Along with these changes , ind ividuals 
often migrate or set up new households . Each of these 
events marks a change in a person ' s  place in the 
community ,  each plays an impor tant role in population 
dynamics , and each is  of pr imary interest to 
demographers . The s ign i f icance of these changes is mad e 
even more crucial by the fact that some of our techn iques 
for est imat ing overall fer til ity and ch ild mor tal ity rates 
( espec ially those developed by Brass ) rely heav i ly on the 
repor ted experience of women aged 15-29 . 

The very factors that make this age group of spec ial 
interest to demographers are also factors that contr ibute 
to the age misrepor ting and underenumeration of these age 
groups . In soc ieties in which age is unimpor tant , ages of 
young women are frequently est imated by the ir physical 
matur ity ,  the ir  un ion status , or thei r  par ity . Li kewise , 
migration and format ion of new households are probably 
respons ible for the relatively large amount of 
underenumerat ion in this age group . For example , ware has 
pointed out that in the Cameroons a young woman who is 
betrothed but still l iving with her parents might not be 
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counted i n  e i ther her parent • s  home o r  her future spouse • s  
home since she is  in l imbo between households ( 19 7 7 & 36-37 ) .  

Table 16 presents est imates from three studies of age 
m isrepor t ing for persons aged 15-29 . Because the stud ies 
used d i f ferent methods of est imat ing repor ting e r rors , i t 
i s  d i f f icult to compare the results . Gibr il 1 s  data are 

TABLE 16 Es timates of Age Mis reporting for Age s  1 5 - 2 9 : 

Gambia , Indone s i a , and Nige r i a  

" True " 
Age 

Population Group 

Gambia 
Males 15-19  

20- 2 4  
2 5- 2 9  

Females 1 5 - 1 9  
20-24  
25-29  

Indonesia 
Ever­
Married 
Fema les 

Niger�a 
Ma les 

1 5- 1 9  
20-24  
2 5- 2 9  

15-19  
20-24 
2 5- 2 9  

Females 15-19  
20-24  
2 5- 2 9  

Reported 5-Year Age Group 
( percentages ) 

Average 
Error 
( in 
number 

----------------------------- of 
Sample 2 +  1 1 2+  5-year 
Size lowe r lower Same higher higher groups ) 

100 
79 
41 

108 
120 

8 2  

2 7  
8 7  
99 

6 7 5  
5 2 8  
4 6 7  

549 
570 
510 

1 
1 
0 

2 
3 
1 

2 8  
10 
1 0  

1 2  
1 5  
2 2  

3 
3 

8 
8 

10  

5 
10  
1 0  

5 0  1 5  
4 3  4 2  
3 9  37 

64  1 2  
4 0  3 7  
44  27  

9 3  
9 0  
9 2  

8 4  
8 4  
7 9  

85 
8 1  
82 

7 
7 
3 

8 
8 

1 0  

1 0  
9 

18 

6 
4 

1 5  

10 
6 
6 

2 

1 

-0 . 0 3 
0 . 4 1 
0 . 66 

0 . 16 
0 . 31 
0 . 1 7 

0 . 0 7 
0 . 04 
0 . 04 

0 . 00 
0 . 00 
0 . 02 

0 . 05 
-0 . 01 

0 . 09 

Sources : Gamb i a :  Based on a comparison of 1971  census records 
with bi rth records or with annual surveys , from Gibri l ( 19 7 5 : 67-
6 8 ) . Indonesia : Based on a compari son of the original interview 
and a reconc i l i ation interview , from unpublished tabulations from 
the rel iabi lity study of the 1 9 76 Indonesia Fertility Study . 
Nigeria : Based on a comparison of the conventional census tech­
nique with the "model age of cohort" method . The sample sizes 
correspond to the conventional census . From Caldwe l l  and !gun 
( 19 7 1 : 2 9 7 ) . 
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undoubtedly the mos t rel iable because they are based o n  a 
comparison of the census ages with ages based on b i r th 
records for the previous 20 years  and on annual surveys 
carr ied out for about 20 years .  His data show that for 
both sexes fewer than hal f of the individuals in this age 
g roup were repor ted in the cor rect f ive-year age g roup . 
FOr males aged 15-19 there were fewer ages exagger ated 
than unders tated but the upward b iases were large enough 
to make the average e r ror close to zero . However ,  for 
males aged 20-29 there was a clear exaggeration of age , in 
that age group there were 

·
about f ive ages exaggerated for 

every one that was under s tated and the average b ias was 
qu i te large . These results d i f fer from Caldwell and 
Igun ' s ,  which are based on a careful matching of 
ind iv iduals with contemporar ies . The i r  data show tha t 
more than 80 percent of the men aged 15-29 were clas s i f ied 
in the same age group accord ing to the two estimates of 
age and there are no apparent tendenc ies toward 
exaggeration or under statement .  

G ibr il ' s  data for females show a clear tendency to 
exaggerate ages . In each of the f ive-year age groups mor e 
women exaggerated age than unders tated it and the 
propor t ion exaggerating by two groups or more is large r  
than the proport ion understat ing age by the same amount . 
The f ind ings from the r e interviewing of a sample of 
ever-ma r r ied women from the WPS in Indonesia * shows the 

* The data from the Indones ian WPS in Table 16 d i f fer from 
those published in the r epor t of the study ( MacDonald e t  
al . ,  1978 ) . The r epor t used the results of the 
reinterview ,  whereas the f igures used here are the resul t 
o f  the reconci l iat ion interv iews , which were car r ied out 
when the f i r s t  two interv iews d i f fered . Reconc iliation 
was a ttempted whenever the two r epor ted ages d i f fered by 
at least two years or when other var iables were repor ted 
d i f ferently . The d i f f iculty of depend ing on 
reinterview ing i s  ind icated by the amount of agreemen t 
between the or ig inal interview and the two later 
est imates . The percentage disagreement between the 
r e in terview and the or ig inal is  about twice as large as 
the d i f fe rences between the reconc il iat ion age and the 
or ig inal , although the pattern of d isagreement is the same 
no matter wh ich set of • improved • ages. is used . For the 
three age groups--15-19 , 20-24 , and 25-29--the percentage 
of agreement between the or ig inal and the re interv iew are  
79 ,  8 2 ,  and 7 5 ,  respect ively . 
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same pattern , although the extent o f  the apparent er ror s 
i s  much smaller than in Gibr i l ' s  s tudy . The use of 
reinterv iews probably unde r s tates the report ing er rors , 
s ince there may be a tendency to make the same er ror 
tw ice . On the other hand , l imit ing the su rvey to 
ever-ma r r ied women would tend to exaggerate the amount of 
over sta tement of age by the youngest women i f  young 
ma r r ied women exaggerate the i r  ages more than young 
unma r r i ed women , wh ich is very l i kely .·  Like the i r  data 
for males , Caldwell and Igun ' s  data for females aged 15-29 
s how no bias in the age r epor ts and reasonably h igh 
deg rees of ag reement . 

We have already d iscussed evidence from Ha i t i  and Nepal 
tha t shows the ages of women around age 20 are biased 
according to the i r  mar i tal s tatus , and we have presented 
informat ion from Nepal and Ghana on the relat ionsh ip 
between par i ty and repor ted age . These conclus ions are 
ver i f ied by Caldwell and Igun ' s  study of age repor t ing in 
N iger ia . Although the i r  study d id not document large 
e r ror s in repor ting or an ove rall bias in age repor t ing ,  
t he data in Table 17 clearly ind icate that age repor ting 
was affected by pa r i ty and mar i tal status . These data 
s how that in Niger ia s ingle women aged 20-24 tend to be 
repor ted in a younger age group . I t  also appea r s  that 
women aged 15-19 , and to a lesse r extent those aged 20-24 , 
tend to be repor ted at older ages i f  they are mar r ied or 
have at least one chi ld . 

Some suppor t for this i s  prov ided by Table 18 , wh ich 
presents data from the WFS from Indonesia . Although the 
number s  are small , i t  appears that there is a tendency for 
ever-ma r r ied women aged 20-24 to be repor ted in an olde r 
age group i f  they have a surviving chi ld . Gibr i l ' s  
analys i s  also provides some support for a l ink be twee n 
par ity and repor ted age , although h is approach to the 
analys i s is somewhat ind i rect . 

Although the causes of underenumerat ion have not been 
studied as thoroughly as the causes of age misreporting , 
the bas ic mechan isms responsible for excess ive 
unde renumeration at ages 15-24 are relatively clear . Mos t 
o f  the young adults who are not enumerated in censuses and 
surveys are probably ( 1 )  res idents of one-per son 
households , which are often d i f f icult to iden t i fy and 
enume rate , ( 2 )  marg inal member s  of households ( for 
example , servants or nonrelatives ) ,  who are not repor ted 
as such , or ( 3 )  persons whose res idence is not we ll 
es tabl ished or who are in the process of mov ing . 
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TABLE 1 7  Percentage o f  Age Mi s reporting b y  Age , Marital 

Status , and Parity , for Women Aged 1 5 - 2 4 : Ni geri a  1 9 6 9  

Marital Status and Parity 

Married , 
Parity = 0 

and 
True Reported Single , Single , Married , 
Age Age a Parity 0 Parity 1 Parity 2+ 

15-19 Exaggerated 7 16 2 7  
Same 8 3  79 70 
Understated 10 5 3 

20-24 Exaggerated 5 1 1  1 4  
Same 81 81 7 7  
Understated 1 5  8 9 

a Ages exaggerated or understated di f fered from the true age by at 
least one five-year age group . 

Source : Caldwe l l  and ! gun , 1 9 7 1 : 301 . 

TABLE 1 8  Number of Ever-Married Women by Age , Number 

of Surviving Chi l dren , and Mi s reporting o f  Age : 

Indon e s i a  1 9 7 6  

Number of Surviving Children 
Age at 
Reconci liation 

Reported 
Age a 0 1 2 3 - 5  6+ 

15-19 

20-24 

2 5- 2 9  

Exaggerated 
Same 
Understated 

Exaggerated 
Same 
Understated 

Exaggerated 
Same 
Understated 

1 
16 

1 
1 2  

1 

1 
5 

1 
8 

4 
2 8  

1 

14 
1 

1 

2 6  
1 

1 
2 7  

1 
1 2  

2 
4 0  

2 

aAges exaggerated or understated di f fered from the age at recon­
ciliation by at least one five-year age group . 

Source : Unpublished data from the 1976 Indonesian Fert i l ity 
Survey . 

1 
5 
0 
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The PES o f  the 1970 census o f  Korea prov ides est imates 
of the amount of underenumerat ion by s ingle years of age 
under age 20 . Table 19 presents the estimated undercounts 
for ages 12-19 . I t  i s  clear from these data that 
underenumeration increases subs tant ially dur ing the year s 
when first  un ions are be ing formed . 

Table 20 presents data from the same s tudy on the 
u nderenumerat ion of ever -ma r r ied women by age and par i ty .  
These data clearly indica te that even among ever-ma r r ied 
women ch ildless women are more apt to be missed at every 
age . At the younger ages the ch ildless women are mos t apt 
to be newly mar r ied and to be recent add i tions to an 
ex isting household or par t  of a new household . Among the 
older women , those wi thout ch i ldren may be living wi th 
relat ives or serv ing as employees . The e f fects of 
u nderenume rat ion on the repor ted average par i ties are 
ins ignif icant , except at  ages 15-19 where the large 
d i fference is due to the small number of observat ions . At 
other ages the d i f fe rences between the PES and the census 
a re due to errors in the repor t ing of par i ty and age and 
not to d i f fe rential coverage by pa r i ty .  

Table 21 presents est imates of undercounts by relat ion 
to the head of household from the PES in Paraguay in 197 4 
and the PES in Korea in 1970 . These data show that about 
2 5  percent of all ma rginal membe rs  of households ( that is , 
employees and nonrelatives ) were missed in the censuses . 
A large propor t ion of the ind iv iduals in these categor ies 
a re probably young adults . The est ima ted undercounts for 
migrants in these surveys are also very high J about 2 0  
percent were mi ssed . Young adults are not only very 
mob ile , they are also mos t apt to be l iving alone and 
therefore are easy to miss in a census . 

Although the stable populat ion analys i s  of the data 
f rom Paraguay and Libe r i a  ( see Tables 8 and 9 ) showed that 

TABLE 1 9  Percentage Undercount for Age s  1 2 - 1 9 : Kore a 1 9 7 0  

Age 

sex 12 1 3  14 15 16-17 18-19 

Males 2 . 4  3 . 4  4 . 6  6 . 1  7 . 2  10 . 9  

Females 3 . 3 4 . 4  4 . 2  8 . 3 8 . 9  8 . 0  

Source : Unpublished data from the 1970 PES of Korea . 
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TABLE 2 0  Underenumeration o f  Ever-Married Women by Age and Parity : Kore a ,  1960 Census 

omitted Wrongly \ Net \ Net Undercount by Age 
PES from Included Under-

Parity Total Census in Census count < 2 0  20-29 30-39 

0 3 2 2  44 28 5 . 0  2 . 7  3 . 5  7 . 7  
1 656 31 31 0 . 0  0 . 0  -0 . 2  1 . 5  
2 705 28 24 0 . 6  0 . 0  0 . 7  0 . 8  
3 679 2 1  16 0 . 7  0 . 6  0 . 6  

4 668 1 2 1 7  -0 . 7  - 1 . 2  -0 . 4  
5 679 21 16 1 . 3  3 . 1  0 . 4  
6 606 9 9 0-. 0 -4 . 3  0 . 4  
7+ 1 , 454 18 6 0 . 8  64 . 3  0 . 6  

PES Reported Average Parity 0 . 70 2 . 16 4 . 87 

Error in Census Due to Net Enumeration Errors -0 . 12a +0 . 01 +0 . 01 

Total Difference Between PES and Census -0 . 2 7 -0 . 20 -0 . 44 

a The large understatement of average parity at 15-19  in  the census i s  due to the omission of three 
with 3 ,  4 ,  and 5 births , respectively . 

Source : Park , 1 966 : tables 4-A and 9-A . 

40-49 

3 . 1  
0 . 0  
2 . 0  
1 . 5  

o . o  
0 . 8  "' 
0 . 0  Ul 

-0 . 2  

6 . 19 

-0 . 0 3 

-0 . 7 2 

women 
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TABLE 2 1  Percentage Estimates o f  Comp letene s s  of 

Enumeration by Re l ationship to Hous eho ld Head and by 

Mi grant S tatus : Paraguay and Korea 

Group 

Head of Household 
Spouse 
Chi ld 
Rel ative 
Employee 
Cri adaa 
Other non-relative 

Nonmigrants 
Migrants 

Total 

Completeness of 

Paraguay 
1974 PES 

9 3 . 6  
94 . 7  
9 1 . 8  
8 3 . 8  
72 . 8  
84 . 4  
7 5 . 8  

91 . 9  
81 . 4  

91 . 1  

Enumeration ( percent ) 

Korea , 1970 PES 

Males Females 

96 . 8  94 . 6  
96 . 6  

9 5 . 7  95 . 8  
89 . 2  92 . 0  

7 5 . 6  77 . 6  

9 5 . 9  9 5 . 8  
77 . 0  77 . 0  

9 5 . 1  95 . 0  

acriadas are young girls who work as servants for room and board . 
They a re frequently relatives or friends of the fami ly . 

Sources :  Paraguay : Marks and Rumford , 1978 : 182 . Korea : Unpub­
lished data from the 1970 PES . 

the adj ustments for underenumerat ion d id not improve the 
f i t  to the stable populat ion model at ages 15-24 , it is 
impor tant to try to determine the impac t of 
underenumerat ion on these age groups . The f ind ing from 
the stable analys is me rely suggests that the effect of ag e 
m i srepor t ing on th is age group is larger in magni tude and 
oppos i te in d i r ect ion to the ef fect of under repor ting . In  
add it ion , s ince the ind ividuals who are most apt to be 
missed are the s ingle and chi ldless , the underenumeration 
in these age groups might bias est imates of fer t i l i ty 
rates and of ages at f i r s t  un ion and f i r s t  b i r th . I t  i s  
impor tan t that future stud ies o f  underenumeration in 
censuses and surveys prov ide tabulat ions of the union 
s tatus and par i ty of persons who were missed . 

REPORTING ERRORS FOR THOSE OVER AGE 3 0  

Wh i le age mis repor t ing unde r age 3 0  can be eas i ly 
unders tood in te rms of changes in phys ical characte r i s t ic s  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

A g e  M i s r e p o r t i n g  a n d  A g e - S e l e c t i v e  U n d e r e n u m e r a t i o n :   S o u r c e s ,  P a t t e r n s ,  a n d  C o n s e q u e n c e s  f o r  D e m o g r a p h i c  A n a l y s i s
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 6 4 9
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and social status , the phys ical and soc ial changes ove r 
age 30 are less drama t ic and less frequently associated 
with specific  ages . FOr example , widowhood and d ivorce 
are less useful for age estimation than mar i tal s tatus of 
per sons around age 20 . S imila r ly , the phys ical s igns o f  
ag ing s t a r t  t o  become apparent over a much larger range of 
ages than the changes associated with pube r ty .  In 
add i t ion , the low propor t ion of b i r ths recorded in mos t 
developing countr ies more than 30  year s  ago means that 
b i r th cer t i f icates and baptismal records are rarely 
ava i lable . The use of b i r th records for those over age 3 0  
i s  also compl icated by the fact that migrations and poor 
recordkeeping make i t  very d i f f icult to locate records of 
those whose b i r th was reg i s tered . 

Two characte r i s t ic forms of age misrepo r ting have been 
noted in many populations . The f irst  is  a tendency toward 
heaping on ages ending in the d i g i ts zero and f ive . Since 
ages ending wi th zero appear to be chosen much more 
frequently as age est imates , this can lead to a surplus o f  
persons repor ted i n  the age groups 50-54 , 60-64 , and 
70-74 . One example of this phenomenon can be seen i n  
Demeny and Shorter ' s  s tudy of the census of Tur key , which 
presents cor rection fac tors based on census survival 
rat ios between the censuses of 19 3 5  and 1940 and between 
those of 1955  to 1960  ( 1 9 68 : 31 ) . Because Tur key had 
censuses at f ive-year intervals , the evidence of heaping 
at ages end ing with a ze ro is easy to demonstrate . 

Further evidence of th is  k ind of heaping comes from 
Gibr il ' s  study in Gambia . Table 2 2  presents a 
r etabulation of h i s  data , wh ich compares the las t d ig i t  of 
the t rue age wi th the last d ig i t  of the repor ted age for 

TABLE 2 2  Evi dence o f  Digi t Pre ference Among Persons 

Aged 4 0 - 6 9 : Gambia 1 9 7 1  

Age Reported i n  Census 

Percent in Wrong 
5-Year Group 

Percent ( by last digit )  Total 
Last Digit in Correct Number 
of True Age 5-Year Group 0-4 5-9 of Cases 

0-4 32 29 39  2 2 1  

5-9 20 67 1 3  181  

Source :  Based on Gibri l ,  1 9 7 5 : 67-68 . 
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per sons aged 40-69 . These data show a clear tendency for 
per sons whose true age ends wi th a digit  from f ive to n ine 
to be swi tched to an age end ing with zero through fou r . 
Th is largely reflects movement to a neighbor ing age group , 
but i t  also includes e r rors of more than one age group .  
There is no s imilar tendency for persons whose age ends 
with a digit  from zero to four to be switched to a 
ne ighbor ing age group r in fact , there are almost as many 
pe rsons whose age was shi fted by two groups ( 29 percent ) 
as  there are those shifted by one group ( 39 percent ) . 
Th is  overall pattern is ev ident in the data for both sexe s 
and provides clear evidence of the shi f ting of ages to the 
five-year g roups that include zero . 

The relationship noted earlier between misrepor ting of 
age and par ity among women ove r 30 in Nepal and Ghana ( see 
Table 5 )  suggests that future at tempts to determine the 
causes of age heaping in the later years of ch ildbear ing 
should consider the reports of age and par i ty 
s imultaneously . I t  is important to note that whi le the 
d ata in the Ghanaian survey could have been d istor ted by a 
dependence on th i rd-pa r ty reports , in the Nepal survey the 
f e r t i l i ty histor ies were collected d irectly f rom the women 
themselves . 

I n  add ition to age heaping , there are frequently errors 
due to exaggeration of the ages of older persons . In u.s. 
censuses , th is is most obvious in the exagge ration of the 
numbe r of persons repor ted as be ing over age 100  (Myers , 
1 9 6 6 r Rosenwaike , 1 9 79 ) . I t  is  less obv ious but most 
cer ta inly a problem at younger ages too . The exaggeration 
o f  age over age 60  is apparent in several census survival 
s tud ies of the Un ited States , but the Medicare Record 
Check of the 1970 census ind icated that understatement of 
age was more common among those aged 65-74 . In 
summa r i z ing the evaluat ion of the 19 60 census , Siegel and 
Zeln ick concluded , "As of now , we do not know the extent , 
o r  even the d irection , of error in the census count 65 and 
over • ( 19 66 : 79 ) . Sor ting ou t the age mis repor ting e r ror s 
f rom the coverage errors i s  even more d i f f icult . I t 
appears that age exagge ration in the Uni ted States i s  
clearly a problem , al though the age at  which i t  becomes 
sign i f icant is hard to pinpoint . 

I n  developing countr ies , Gibr i l ' s  study once again 
prov ides the mos t reliable ev idence of age exaggeration . 
Table 2 3  presents a summary of his  f indings . I t  i s  clear 
from h i s  data that in Gamb ia age exaggerat ion among men is 
a problem as early as ages 30-3 9 , where more than hal f  of 
the men are repor ted in an olde r f ive-year age group . In 
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Table 2 3  Age Misreporting at Ages 30-69 : Gambia 19 71 

Reported 5-Year Age Group 
( percentages )  Average Error 

True ( in number of 
Age 2+ 1 1 2+ 5-year 

Sex Group lower lower Same higher higher age groups ) 

Mal e  30- 3 9  7 1 2  2 6  4 1  1 3  0 . 46a 
40-49 6 2 0  2 7  2 8  1 9  0 . 5 3 
S0-59 11 8 29  1 9  3 3  0 . 92 
60-69 5 1 0  2 3  20  4 3  0 . 85 

Female 30- 39 14 25 32  25  5 - 0 , 2 0  
40-49 17 2 3  2 2  2 3  15 0 . 39 
S0- 59 1 2  1 8 2 5  2 3  2 3  0 . 34 
60-69 9 9 1 8  1 1  5 2  1 . 00 

aThi s  average exc ludes two individuals aged 30-34 who were 
reported as aged 0-4 . 

Source : Gibri l ,  197 5 : 67-68 . 

contrast , the re appears to be a very sl ight tendency for 
women to understate the i r  age at ages 30-39 and to 
exaggerate the i r  age at ages 40-59 . OVer age 60 , ag e 
exaggerat ion is clearly a grave problem for both sexes . 
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5 The Effect of Errors 
on the Estimation of 
Fertility and 
Mortality Rates: 
Problems and 
Recommended Solutions 

The e r rors in repor ted age d i s t r ibut ions all have some 
e f fect on the est imat ion of fer t i l i ty and mortal i ty rates 
for developing countr ies . There are three approaches to 
deal ing w i th these effects . The f i r s t  i s  to determine 
wh ich of the var ious est imat ion techn iques are most 
vulnerable to age d istr ibut ion d i s tort ions and to g ive 
more we ight to est imates from the more robus t 
t echn iques .  A second approach is  to try to determine the 
d i rection of the bias in the est imates from each 
techn ique and to adjust the est imates for that bias . 
Alternatively , var ious est imates can be used as maximum 
or min imum est imates accord ing to the i r  overall b ias . A 
th i rd approach i s  to est imate the e f fects of content and 
coverage e r rors on the data and to adj ust for those 
b iases before apply ing the est imat ion procedures . The 
s ect ions below desc r i be how age d istr ibut ion d is tor t ions 
a f fect each of the maj or est imat ion techn iques and 
s uggest which of these three compensat ion approaches are 
most useful in each case . 

THE EFFECT OF AGE DISTRIBUTION DISTORTIONS ON STABLE 
POPULATION ANALYSI S 

Of all est imat ion techn iques , s table populat ion analys is 
has been the most  carefully examined for the effects of 
age distr ibut ion distor t ions . The analys is of age 

7 0  
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distr ibut ions in  U . N .  Manual IV , des igned spec i f ically to 
improve the use of stable populat ion analys is , led to 
recommendat ions on wh ich of the stable est imates are apt 
to be biased in spec i f ic d i rect ions and on how to select 
one s table est imate from among all poss ible est imates . 

The evidence on patterns of age misrepor ting discussed 
in the prev ious sect ion suppor t an al ternat ive approach 
to the use of stable populat ion estima t ion of fer t i l i ty 
rates . The emerg ing evidence suggests that i t  might be 
poss ible to develop some standard patterns of age 
mis r epor ting and relat ive underenumeration , wh ich coul d  
b e  appl ied t o  a var iety of countr ies . For example , the 
evidence presented in Table 1 suggests that the 
populat ion over age 35 is generally enumera ted more 
completely than othe r age groups . These data sugges t 
that i t  would not be unreasonable to adj ust a repor ted 
age d i s t r ibution for a relat ive overcount of 2 to 3 
percent at  all ages over 3 5 . 

A second example comes from the data on Korea and 
Paraguay (Table 21 ) , which demonstrate that the degree of 
underenumeration is  closely related to the relat ionship 
to the head of household . I n  par t icular , both s tud ies 
showed about a 7 percent relat ive unde rcount for 
relatives other than spouse and ch i ld and about a 20 
percent undercount for nonrelat ives . I f  thi s  pa ttern can 
be substantiated by fur ther s tud ies , i t would be 
reasonable to adj ust repor ted age d i s t r i but ions for th e 
underenumerat ion rates by rela t ionship to household 
head . (Naturally , this would also involve adj usting th e 
number of close family members for a relat ive 1 percen t 
over count . )  

Obviously , such an approach to adj ust ing recorded age 
distr ibutions would have to be substantiated through 
fur ther s tud ies , and if d i f ferent synthet ic approaches 
yield d i f ferent estimates , the analys t mus t  decide wh ich 
adj ustment or average of adj ustments to accept . I t 
should be noted , howeve r ,  tha t all of these adj ustments 
would probably be sl ight in compar i son wi th the gross 
distor t ions that are often observed . 

To demonstrate how such an approach would wor k ,  we 
have appl ied i t  to the populat ion of males from the 197 0 
census of Ghana . Several d i f ferent approaches to 
adj ust ing the age distr ibut ion were tes ted . The f i r s t 
approach was to adj ust the populat ion over age 35  for an 
est imated 3 percent relative overcount .  Th is  adj usted 
age distribut ion was then used to calculate estimates of 
the crude birth rate (CBR) using Coale and Demeny ' s  
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•west • model l i fe table level 13  and the assumpt ion tha t  
l i fe expectancy increased from 38 years i n  1 9 4 8  to 48 . 5  
years  in 1968 (Ga i s ie , 1976 : 13 ) . These est imates can 
then be compared with s imilar est imates based on the 
repor ted age distr ibut ion . The results , presented in 
Table 24 , demons trate that the adj ustment increases the 
cons istency of the est imates slightly and increases the 
med ian CBR est imate by abou t 0 . 5  b i r ths per 1 , 00 0  
population .  

A second approach ad j us ted the age d istr ibut ion by 
assuming tha t there was a l pe rcent relat ive overcoun t 
among close relat ives of the head of household ( includ ing 
the heads of households ,  the ir  spouses , children , and 
parents ) , a 7 percent relat ive undercount of othe r 
relat ives , and a lO  percent unde rcoun t of nonrelat ives . 
Th is adj ustment also increased the consistency of the 
est imates and increased the est imated CBR sl ightly . 

S ince Caldwell ' s  research showed that about 4 percent 
of the populat ion aged 0-4 in 1 9 6 0  exaggerated the i r  age 
in  1960 , we can test the ef fect of an increase in the 
propor tion under age 5 .  Add ing th is ad justment to the 
r epor ted data and to each of the adj usted age 
distr ibu t ions leads to a fur ther increase in th e 
e s t imated CBR and increases the inconsis tency among the 
CBR est imates based on the repor ted age distr ibut ion . 

Although more research is  requ i red before these k inds 
of adjustments can be made routinely be fore us ing the age 
d istr ibut ion to est imate fer t i l i ty rates , several 
observat ions are j us t i f ied . First , these rather ad h2£ 
adj ustments all increase the cons istency among the e ight 
CBR est imates . Although the changes are not large , they 
a r e  s ign i f icant enough to wa r rant fur ther tests of this  
approach . Second , each of  the tes ted adj ustmen ts leads 
to an increase in the med ian CBR est imate . Th i s  f inding 
lends suppor t to Krotk i ' s  concern tha t the use of stable 
o r  quas i-s table models will lead to underest imates of the 
CBR ( Krotk i , 1969 ) . The most ext reme example , tha t  us ing 
Caldwell ' s  adj ustment and the adj ustment for the 3 
percent relative overcount ove r age 35 , leads to a med ian 
CBR estimate 1 . 5  points h igher than the median est imate 
based on the repor ted age d i s t r i bution . The evidence 
f rom this test and the previous tests us ing data from 
Pa raguay and Libe r i a  (Tables 8 and 9 )  sugges t  that stabl e 
and quas i-s table est imates of the CBR might frequently be 
biased downward by about one point pe r  thousand due to 
age-select ive underenumerat ion . 
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TABLE 2 4  Qua s i - S tab l e  Population Tests o f  Ad j ustments for 

Age Distribution Distortions : Ghanaian Males , 1 9 7 0  

Part A .  Adj ustments App l i e d  to Age s 5 - 4 0  

Adj ustment 
Adj us tment Based on 
Based on 3 %  Re lationship 

Reported OVercount to Head of 
Distribution of Ages 35+  Household 

Age C ( a )  CBR C ( a )  CBR C ( a)  C'BR 

5 1 8 . 32 46 . 99 1 8 . 4 4  4 7 . 3 3 18 . 32 46 . 99 
10 3 5 . 46 5 1 . 39 3 5 . 70 5 1 . 84 3 5 . 44 5 1 . 3 5  
15  4 7 . 5 7  50 . 40 4 7 . 89 50 . 90 4 7 . 61 50 . 46 
20 56 . 97 4 8 . 84 5 7 . 3 5  49 . 4 2 5 7 . 16 4 9 . 14 
25  64 . 16 46 . 7 7 64 . 59 4 7 . 3 7  64 . 48 4 7 . 2 2  
30 70 . 99 46 . 04 71 . 46 46 . 7 5 7 1 . 34 46 . 56 
35 7 7 . 19  4 5 . 9 5 7 7 . 7 1  46 . 8 3 7 7 . 52  46 . 50 
40 82 . 41 4 5 . 7 7 82 . 76 46 . 44 82 . 68 46 . 29 

Median CBR : 46 . 88 47 . 35  4 7 . 1 1  
Mid-Range : 2 . 80 2 . 67 2 . 58 

Part B .  With the Addition o f  Caldwe l l ' s  Adj ustment 

to the Population 0- 4 

Age 5 :  1 9 . 05 4 9 . 1 2 19 . 18 49 . 56 19 . 0 5 4 9 . 1 2 
Median CBR : 4 7 . 8 1 48 . 1 7 48 . 40 
Mid-Range : 3 . 08 2 . 58 2 . 76 

Note : See text for detai ls of assumptions about mortality leve l s  
and f o r  detai ls o f  adj ustments . Unlike Tables 8 and 9 ,  this 
tab le presents only eight CBR estimates , because the tables for 
adj usting the CBR estimates for the mortality declines cover only 
the first eight estimates ( Uni ted Nations , 1 96 7 : 12 0 ) . 

TO be able to extend this approach , mor e  in formation 
is r equ i r ed on the character istics of indiv iduals who are 
mos t apt to be missed by a census and of those whose ages 
are misrepor ted . I t  may be that s tandard adj us tments for 
these errors should be based on mar i tal status , par ity ,  
or educat ion rather than relationship to household head . 
However ,  i t  seems tha t this approach of mak ing min imum 
adj ustments to the age d istr ibut ion based on standard 
expectat ions abou t the k inds of people who are apt to be 
missed or repor ted incorrectly can improve the fer t i l i ty 
est imates made from stable population analys is . 
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AGE MI SREPORTING AND THE BRASS •GROW'J.'B BALANCE •  TBCBNIQUE 

Brass has recommended a techn ique for adj us t ing repor ted 
age-spec i f ic death rates for under repor ting of deaths by 
compa r ing the populat ion over a g i ven age w i th the death 
rate for the populat ion ove r that age ( 1 9 7 5 & 118-123 ) .  To 
test the sens i t i v i ty of th i s  techn ique to age 
mis repor t ing , Rashad ( 1 9 7 8 )  conducted a s imulat ion of ag e 
m i s repor t ing . She tes ted two models & one wi th the same 
pattern of mis repor t ing for the populat ion and the 
deaths , the other with two d i f ferent patterns . He r 
s imulat ions show that the CDR est imated from the Bras s 
method can eas i ly be off by 1 or 2 points per thousand in 
the presence of age misrepor t ing . She also demonstrated 
that smoothing the age distr ibut ions of the total 
populat ion and the deaths separately before applying the 
B r as s  techn ique tends to increase the e r ror in the 
est imated CDR .  The reason for th i s  is tha t the techn iqu e 
i s  itself a smoothing techn ique . The use of a mechan ical 

smoothing procedure before apply ing Brass ' s  techn ique i s  
l ess e f f ic ient than relying s imply on the techn ique 
alone , because unl i ke the usual smooth ing procedures , th e 
t echn ique is based on a mathemat ical model of the 
expected relationsh ip between the d i s t r ibut ion of death s 
a nd the d istr ibut ion of the populat ion . 

THE EFFECTS OJ!' AGE DI STRI BUTION ERRORS ON THE BRASS 
TECHNIQUES FOR ESTIMATING FERTI LITY AND CHILD MORTALITY 

The Brass procedures for e s t imat ing fer t i l i ty and ch ild 
mor ta l i ty were designed to capi talize on the fact that 
the fe r t i l i ty expe r ience of young women and the mortality 
exper ience of the i r  chi ldren are good ind icator s o f  
r ecent fer t i l i ty and mor tal ity . Howeve r , b y  relying 
heav i ly on the par i ty ,  number of deceased ch i ldren , and 
recen t fer t i l i ty r epor ted by young women , the Brass 
p rocedures become very vulnerable to the g ross errors in 
age repo r t ing among women aged 15-29 . If age repor ting 
e r rors were r andom , i t  is unl i kely that they would cause 
b iases in the estimates of fer t i l i ty and ch i ld mor tal i ty p 
however ,  as we have seen in ear l i e r  sections , they are 
closely l inked to pa r ity and un ion s tatus . Of the three 
v a r iables needed for the Brass procedures , par i ty i s 
probably the one most closely related to age repor t ing 
a nd recent fer t i l i ty i s  probably the leas t .  Whe ther 
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biases a r e  introduced by age misrepor ting related to 
child survival rates is not clear . 

The d istr ibutions of aver age par ity by s ingle yea r s  of 
age for Nepal and the Ashant i  reg ion of Ghana (Table 5 ) 
show clearly the effect of age est imates based on 
par i ty . In us ing Brass ' s  approach to estimat ing 
fer t i l i ty ,  the ques tion is : To wha t extent are th e 
est imates of P2 and P3 ( the average par i ties at ages 
20-24 and 2 5-29 ) b iased by this misrepor t ing? For the 
Brass estimation of chi ld mor tal i ty ,  the ques t ions are : 
How does this misrepor ting bias the estimate of the ratio 
of Pl to P2 ( the ratio of par i ty at 15-1 9  to par i ty at 
20-2 4 ) and the ratio of P2 to P3 � how does age 
mis repor t ing affect the repor ted propor t ions of ch ildren 
dead by ages of mothers � and how do these ef fects 
interact? 

One way to look for evidence that biases in fe r t i l i ty 
and mor tal i ty est imates are due to age misrepor ting is to 
produce estimates for a populat ion using several 
d i f ferent clas s i f icat ions of age . If the data are 
r epor ted properly , then the fer t i l i ty and mor tal i ty 
es tima tes should be the same whether we use the age 
groups 15-19 , 20-24 , and 25-29 or groups 18-2 2 , 23-27 , 
and 28-3 2 . We can use mul t ipl iers based on Trussell ' s  
equat ions for the procedure (Hill e t  al . ,  1981 ) as long 
as the f ive-year age groupings used for Pl , P2 , and P 3  
a r e  the same as those used for the proport ions deceased . 
I f  the est imates from these d i fferent age groupings are 
s igni f icantly d i f feren t ,  this would be ev idence that the 
d istor t ions in the age distr ibut ion are related to par i ty 
i n  ways that would bias the est imates of the demograph ic 
rates . 

Although the procedure outl ined above can prov ide 
ev idence of mis repor t ing biases , close agreement among 
the var ious est imates would not prove a lack of bias . 
For example , i f  the women 15-19 who are wrongly 
c las s i f ied as 20-24 had lower par i ty than the average for 
women 20-24 and higher par i ty than the ave rage for women 
1 5-19 , both Pl and P2 would be biased downward . I f the 
same k ind of mechanism operated between ages 20-24 and 
2 5-29 , then both P2 and P3 would lead to est imates of 
fer t i l i ty tha t would be b iased downward . I f  the 
exaggerat ion of age were smooth ( that is , i f s imilar 
propor t ions were  shifted from 1 9  to 20 and from 2 0  to 21 , 
e tc . ) ,  then all age groupings wou ld lead to estima tes 
with s imilar biases . For tunately , it appears from Tabl e 
5 that the age exaggerat ion is  not smooth and leads to a 
surplus of women a t  ages 20 and 25 . 
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To look for ev idence o f  biases due t o  misrepor t ing , we 
h ave produced four sets of est imates of fer t i l i ty and 
child mor tal ity us ing d i fferent age groupings of the data 
f rom the Ashanti reg ion of Ghana . us ing the four age 
groupings and both P2/F2 and P�/F3 , we der ive e ight 
e s t ima tes of the total fe r t i l i ty rate . These estima tes , 
presented in Table 25 , range from 7 . 61 to 8 . 06 , 
i nd icat ing that age misreport ing is d i s tort ing the Brass 
fer t i l i ty est imates , however d i f ferences of this  size  
( roughly 6 percent in th is case ) are not cr i t ical for 

mos t pol icy-or iented uses of fer t i l i ty est imates . I t  i s  
impor tant to note that  the d i f ference be tween the P2/F2 
and P3/F3 estimates for each of the four age groupings i s  
small ,  rang ing from 0 . 15  t o  0 . 19 , although the 
relationship between the P2/F2 and P3/F3 estima te s 
changes . I t  is also interest ing to note that the 
est imates based on trad i t ional age groups are on aver ag e  
s imilar t o  those based o n  18-2 2 ,  23-27 , and 28-3 2 . Table 
25 also presents est imates of l i fe expectancy at b i r th 
based on Brass est imates of q ( l ) , q ( 2 ) , q ( 3 ) , and q ( 5 )  
using each o f  four d i f ferent age groupings . The 
d i fferences in the eo e s t imates among the four age 
g roupings are smaller than those among the four q ( x )  
values . 

The results of these tes ts and s imilar tests by Hill  
e t  al . ( 1980 ) sugges t  tha t age heaping may not be  a major 
problem in us ing the Brass methods for es t imat ing 
fer t i l i ty and ch ild mor tal i ty .  Th is conclus ion i s  

TABLE 2 5  Estimates o f  Ferti lity and Chi l d  Morta l i ty 

Derived from D i f f e rent Age Groupings : Ashanti Region , 

Ghana 1 9 7 1  

Age Range for Pl 
Basi s  of 

Parame ter Estimate 15-19  16- 2 0  1 7 - 2 1  

Total Fertility 
Rate P2/F2 7 . 78 7 . 91 7 . 70 

P 3/F 3 7 . 62 8 . 06 7 . 86 
Li fe Expectancy 

at Birth ( e o ) q ( l )  5 7 . 10 5 5 . 86 5 5 . 07 
q ( 2 ) 5 3 . 49 5 3 . 49 5 3 . 49 
q ( 3 ) 5 1 . 58 50 . 47 50 . 59 
q ( 5 ) 49 . 6 3 4 9 . 2 1 49 . 2 1 

Source : Unpub lished data from the Ghana 1971  Supplemental 
Enqui ry . 

1 8- 2 2  

7 . 6 1  
.:7 . 80 

5 5 . 26 
52 . 91 
50 . 4 7 
48 . 98 
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suppor ted b y  recent ev idence ( Ewbank , 1980 ) that a large 
par t of the incons istenc ies between Brass-type est imates 
of survival to ages 1 ,  2 ,  3 ,  5 ,  and 10  probably are due 
to mor tal i ty d i fferences by par ity and to recent 
fluctuations in mor tali ty rather than to age misrepor ting . 

Never theless , compar ing est imates based on d i fferent 
age g roupings may prove to be useful in several ways . 
Firs t ,  i t  may be a relat ively s imple way of determining a 
reasonable range of est imates . I t  i s  too early to 
speculate on how this range is related to the actual 
value , but s imulations may prov ide a way to interpret  the 
d i f fer ences among the estimates . Secondly , the d i f ferent 
est ima tes can be used as a way to tes t  whethe r the k inds 
of misrepor t ing bu i l t  into s imulat ions are a reasonable 
approximation of real ity . Unless the s imulat ion can 
prod uce s ingle-year d istr ibut ions s imilar to the repor ted 
values , the resul ts of the s imulat ion may not be use ful . 

Th i rd , i t  may be that simulat ion stud ies will be able 
to determine which of the age groupings prov ides the 
least biased estimates . If the age misrepor ting is due 
mos tly to ages being exaggerated from 15-19 up to 20 , 
f rom 20-24 up to 25 , and from 25-29 up to 30 , then the 
16-20 grouping would yield the mos t rel iable est imates . 
I t  i s  impor tant to note tha t this  grouping also yields 
the h ighest est imates of fer t i l i ty .  This  is probably due 
to the fact that the 15- to 19-year-old women of 
relatively h igh par i ty tend to be repor ted as aged 20 . 
I f  these women also lower the average for the 20-24 age 
group , and if s imilar e ffects occur at ages 25 and 30 , 
then the 16-20 grouping could prov ide the most accurate 
estimates . 

Two researchers , van de Walle ( 1968 ) and Santow 
(197 7 ) , have used s imple s imulat ions to examine the 
impact of age misrepor t ing on Brass estimation 
procedures . Van de Walle tes ted the e ffects of var iou s 
s imple patterns of age misrepor t ing on the Brass method 
of est imating fer t i l i ty from data on repor ted average 
par i ty and repor ted recent b i r ths . By s imulat ing the 
effect of several relat ionsh ips between repor ted age , 
par i ty ,  and recent fer t i l i ty ,  he examined the poss ible 
biases in ratios of par i ty ( P i for age group i )  to 
cumulated recen t fer t i l i ty ( F i ) for di fferen t  ag e 
groups . Although h i s  effor ts were hampered by a lack o f  
informat ion on the relat ionship between age misrepor t ing , 
par i ty , and recent fer t i l i ty ,  van de Walle ' s  approach , 
which was also tes ted in Pak istan by Kar im and Iqbal 
( 197 5 ) , prov ides a valuable model for future s imulation 
r esearch on the impact of age misrepor t ing . 
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Santow ' s  study added age misstatemen t t o  a 
m icro-s imulat ion model of fer t i l i ty to analyze the impac t 
on the Brass estimates of ch i ld mor tal ity . One of the 
s imulat ions involved shift ing upward the age of hal f the 
women whose par ity was above average for the i r  age 
g roup . Th is was done in all three f ive-year groups : 
15-19 , 20-24 , and 25-29 . A second s imulation increased 
the age of every woman w i th above-average par i ty .  

Table 2 6  presen ts Santow • s  estimates of the female 
l i fe expectanc ies at  b i r th < eo > • wh ich cor respond in 
Coale and Demeny ' s  •Nor th • model l i fe tables to the q ( x )  
values from each s imulat ion . For the moderate level of 
mortal i ty ,  the e0 values est imated from s imulat ions 
w i th no misrepor ting and those estimated from s imulat ions 
with half of the ages s h i f ted d i ffer on average by abou t 
one year . For the h igher-level mor tal i ty s imulat ions , 
the d i f ferences are abou t the same . The mixed s imulation 
for the med ium level of mor ta l i ty involved sh i f t ing all 
of the above-average par i ty women aged 15-19 and hal f of 
those aged 20-24 . Th is s imulat ion i s  interest ing because 
it shows a q ( l )  estimate that is biased in the oppos i te 
d i rection from the q ( 2 )  and q ( 3 )  est imates . 

The pattern of age misrepor ting tha t Santow used i n  
h is s imulat ions is very s imple . One poss ibility not 
examined by Santow is  that age misrepor ting migh t be 

TABLE 2 6  Simu l ations o f  the E f fect o f  Age Mis reporting 

on Brass Chi ld Morta lity Es timates 

Female L i fe Expectancy at Birth ( e o ) 

With Age Misreporting 

With No Age Half Ful l 
Paramete r Misreporting Shift Shi ft Mi xed 

Moderate Mortality 
q ( l )  6 1 . 4  6 3 . 5  66 . 2  6 5 . 9  
q ( 2 )  60 . 6  6 1 . 4  64 . 2  60 . 3  
q ( 3 ) 60 . 3  60 . 3  60 . 7  59 . 4  

High Mortali ty 
q ( l )  4 5 . 3 44 . 1  50 . 4  
q ( 2 )  38 . 2  40 . 9  46 . 6  
q ( 3 ) 3 7 . 3  38 . 8  39 . 5  

Source : Santow , 197 7 .  Santow ' s  q ( x) values have been used to 
find estimates of overal l  mortality using the Coale-Demeny 
" North " model life tables . See text for explanation of shi fts . 
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related not only to a woman ' s  par ity but also t o  the 
number of her ch ildren who are deceased . There are two 
ways in wh ich thi s  might occur . Fi rs t ,  i f  a woman ' s  
f i r s t  and only child i s  now deceased and she i s  not in a 
un ion , there is a good chance tha t that child might not 
be recorded . Therefore ,  women aged 20-24 whose only 
ch i ld is dead might be clas s i f ied as aged 15-19 . The 
pr imary result of this would be to bias upward the 
propo r t ion surviving among the children of women aged 
2 0 -24 . 

A second case that should be cons idered is that of a 
woman aged 19 whose f i r s tborn died . In a populat ion with 
an early age at  first b i r th ,  i t  might not be unusual to 
find a woman aged 15-19 w i th one ch ild . However ,  if the 
b i r th intervals are long ( poss ibly because of prolonged 
breas t-feed ing ) ,  then it might be very unusual to find a 
woman aged 15-19 w i th more than one child . A woman whose 
f i r s tborn d ies at  a very early age will not be 
breas t-feed ing and thus is l i kely to have a second chi ld 
qu ickly . Therefore ,  of those women aged 15-1 9  who have a 
f i r s t  b i r th ,  those whose child d ies will  be more l i kely 
to have a second b i r th before age 20 . Since those aged 
1 5-1 9 with two b i r ths are more apt to have the i r  age 
exaggerated , it follows that women whose f i r s tborn dies  
may also be  more apt to  have the i r  age exaggerated . Th i s  
would lead t o  an unders tatement o f  mor tal i ty among the 
children of women aged 15-19 and to an exaggerat ion of 
mor tal i ty for the children of women aged 20-24 . It would 
also affect the repor ted values of Pl and P2 .  

One d i f f iculty with Santow ' s  s imulations is  that each 
s imulat ion was r un only once and the r esults re flect the 
ef fects of both misreport ing and of random elements from 
the s imulat ion . To overcome th is , Santow has run 
sign i f icance tests on the d i fferences . Of the figures  
presented in Table 26 , only the d i f ferences between the 
no-shift  and full-sh i f t  models for the h igh mor tal i ty 
case are s ign i f icant . 

I n  conclus ion , the Santow s imulat ions produced biases 
similar to the d i f fe rences found in the Ashant i  data 
us ing the d i f ferent age groupings . The s imulat ions both 
sugges t that the biases due to age misrepor ting may be no 
larger than those due to other problems w i th the Brass 
method . However ,  fur ther s imulat ion wor k is needed to 
f ully demonstrate the nature of the b iases introduced by 
such data er rors . 
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THE EFFECT OF AGE MI SREPORTING ON THE BRASS PARENTAL 
SURVIVAL TECHNIQUE FOR ESTIMATING MORTALITY 

In the discuss ion of age misrepor ting for the population 
over age 30 , i t  was noted tha t exaggerat ion of age is 
clear ly a problem at  the oldes t  ages , but i t  is not clea r 
a t  what age exaggera t ion becomes a major problem . 
Gibr i l ' s  data show that males in Gambia tend to have 
the i r  age exaggerated by an average of one half of a 
five-yea r  age group at  ages 30-49 and by a full five-yea r  
age group at  ages over 50 . Gambian females appar ently 
under s tate the i r  age s l ightly unt i l  age 4 0 J a t  ages 40-5 9 
the i r  ages are exaggerated by about one th ird of a 
f ive-year age group and by a full age group over age 60 . 
These distor t ions at h igh ages lead to biases in the 
est imat ion of adult mortal ity . In countr ies l i ke Gambia , 
therefore , for these age groups more rel iable estima tes 
of adult mor ta l i ty may be der ived from reports of 
parental survival , us ing Brass ' s  parental surv ival 
techn ique . 

Table 27  presen ts the results of a s imple s imulat ion 
to tes t the sens itivity of th is  techn ique to age exag ­
geration among those aged 30 and over . The s imulat ion 
assumes that the true mor tal ity of a populat ion of males 
is g iven by Brass ' s  Afr ican Standard l i fe table . 
However , because of age misrepor t ing , what we th ink i s 
the proport ion surviving from age 30  to age 6 0  actually 

TABLE 2 7  S imul ation o f  the Sensi tivity of the Brass 

Parental S urvi val Method to Age Mi s reporting 

Probability of Logi t  Fit to Standard 
True Surviving from Reported with l ( x) /1 ( 30 )  and 1 ( 2 ) C 
Age Age 30 to Age xa Ageb 

s 
X l ( x) /1 ( 30 ) X +  2 . 5  a 6 eo - e o 

5 7 . 5  0 . 6 5 5 2  60 . 0  0 . 07 1  0 . 912  2 . 2 5 
62 . 5  0 . 5498 6 5 . 0  0 . 074  0 . 909 2 . 33 
6 7 . 5  0 . 4 2 84 70 . 0  0 . 076 0 . 906 2 . 38 
72 . 5  0 . 2 9 7 3  7 5 . 0  0 . 08 5  0 . 894 2 . 70 

aFrom Brass ' s  African Standard l i fe table . 
bBecause of the assumed pattern of age exaggeration by respon­
dents , survey results wi ll lead us to be l ieve that x i s  2 . 5  years 
greate r than is  actually the case . 
CFi t  to Brass ' s  African Standard using actual 1 ( 2 ) from the Brass 
Standard . If the exaggeration of x i s  unimportant , then a wi ll 
be close to zero , 6 wi l l  be c lose to 1 . 0 ,  and the estimated life 
expectancy ( e o ) wi l l  be c lose to the value for the standard ( eg ) .  
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represents the propor tion surviving f r om  age 30 t o  ag e 
57 . 5 .  Th is  is equ ivalent to an average exaggeration of 
age by 2 . 5  years among men who are actually aged 27 . 5 .  
( In th is s imulation , i t  was assumed that we know the 

cor r ect  value of 1 ( 2 ) . Life expectanc ies wer e  then 
calculated from the values of l (x ) /1 ( 30 )  and 1 ( 2 )  by 
find ing the values of a and 8 for the log i t  l i fe 
table that are cons istent with the data , us ing a 
procedure s imilar to that descr ibed by Brass ( 1 9 7 5 : 10 5 ) . 
These parameters were then used to produce an est imated 
life table . ( FOr re ference , see • log i t •  in the glossary , 
for a more complete descr ipt ion of the procedure , see 
Hill et al . , 1981 . ) 

The results of the s imulat ion demonstrate that 
exaggeration of age has a s ign i f icant e ffect on the 
estimated l i fe expectancy . Age exaggerat ion of 
approx imately 2 . 5  years will  bias the est imate of l i f e  
expectancy upward by approxima tely the same amount . Th is 
result  is what would be expected . Since the ages of the 
r espondents are exaggera ted , we are led to bel ieve that 
the i r  parents have survived to an older age than is 
really the case , therefore , the procedure underestimates 
mor tal i ty .  The exac t amount o f  the bias will  depend on 
the shape of the l i fe table survivor ship curve over the 
ages in question . Th is s imulation prov ides only a 
prel iminary est imate of the e f fect of age misrepor t ing on 
the parental survival techn ique . I t  may be tha t the 
ac tual ef fect is qu i te d i f ferent from these est ima tes , 
espec ially i f  age exagge rat ion i s  more (or less ) common 
among those whose parents are deceased than i t  is for the 
population as a whole . 

Age misrepor t ing has another less obv ious though 
potentially impor tant impact on the est imat ion of 
mor tali ty . Because age misrepor t ing is a problem at the 
oldest ages in almos t all  populat ions , it is very 
d i f f icult to establ ish the shape of the survivor ship 
curve at the oldest  ages . Th is was made clear in a u.s . 
s tudy that matched death cer t i f icates w i th census records 
on a case-by-case bas is.  ( U . S .  Publ ic Heal th Service , 
1 9 6 8 ) . The study demons trated that at the oldest ages 
the ages repor ted on the death cer t i f icate and the censu s 
form were frequently d i fferent . For u . s .  nonwh i tes , 
mortal i ty rates calculated us ing the age repor ted in the 
census were sign i f icantly lower than those calculated 
us ing the death cer t i f ica te age for the numerator . Thi s  
s tudy demons trates that determin ing the age pattern of 
mor ta l i ty at the oldes t  ages i s  d i f f icult even when the 
r eg i s trat ion is essent ially complete . 
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The standard pattern o f  mor tal ity that we u s e  for the 
log i t  model must be based on rel iable mor ta l i ty data for 
populat ions with a mor ta l i ty pattern broadly s imilar to 
the populat ion be ing stud ied . In practice , however ,  
model tables for high levels of mortal ity are l i kely to 
be distor ted by age misr epor t ing , too . Thus , the f i t  of 
the data to the model may be misleadingly satis factory . 
In shor t ,  the Brass parental survival method may be 
potentially biased not only by age mis repor t ing in th e 
population under s tudy , bu t also by the e ffects of age 
mis repor t ing on the standard l i fe table used to smooth 
the surv ivorship est imates obta ined . 
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6 Conclusions and 
Recommendations for 
Future Research 

S ince the publ icat ion of Manual IV ( Un i ted Nat ions , 1967 ) 
and The Demography of Tropical Afr ica (Brass et  al . ,  
1 9 6 8 ) , numerous s tud ies have prov ided ins ights into the 
patterns of age mis repor t ing and age-selective 
underenumerat ion . Al though these s tud ies do not 
drast ically alter the conclus ions reached in prev iou s 
surveys , they do clar i fy the sources and patterns of 
mis repor t ing and help quan t i fy the magni tude of var iou s 
types of errors r in par t icular , they have helped cla r i fy 
the relative impor tance of content and coverage e r rors . 

The f i r s t  of this repor t ' s  three purposes was to 
rev iew the ava ilable stud ies on the sources , patterns , 
and consequences of age misrepor ting and age-selective 
underenumeration . I t s  second a im was to suggest ways in 
wh ich informat ion on repor t ing er rors can be used 
s imultaneously to adjust  ex ist ing data and to s tudy th e 
r elat ive impor tance of d i fferent types of er rors . TwO of 
these suggest ions are ( 1 )  to combine PES data on errors 
w i th stable or quas i-s table populat ion analys is and ( 2 )  
to compare Santow ' s  s imulations o f  the impact of 
mis repor t ing on the Brass method of estimat ing chi ld 
mor tal i ty with tests conducted by us ing d i f ferent 
f ive-year age groupings on the results of the Brass 
method . 

The th i rd purpose of this paper is to recommend ways 
of improving how we deal with repor ted age distr ibut ions 
and to suggest  d i rect ions for future research in th is 

8 3  
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area . These recommendat ions and conclus ions a r e  a s  
follows :  

1 .  One crucial step toward improv ing the qual i ty of 
repor ted age d istr ibut ions is to determine as well as 
poss ible what type of quest ions are most  l i kely to yield 
rel iable age repor ts in the pa r t icula r populat ion be ing 
s urveyed . The quest ions posed to the respondents should 
be grounded in an awareness of features of the cul ture 
that are l i kely to affect the ir  knowledge of and 
will ingness to repor t the i r  ages . Pretes ting 
quest ionna ires on a sample of the populat ion is one 
essential way to check the e f f icacy of d i f ferent 
quest ions abou t age , and consultat ion with researchers 
knowledgeable abou t the anthropology of the population i s  
u seful . 

2 .  The effect of interv iewers on age repor t ing should 
not be underest imated . Ev idence suggests that the 
qual i ty of age repor ting depends strongly on the 
educat ional level of the interviewers as well as on the i r  
prev ious exper ience and the train ing prov ided them . 
Higher investments in the recru i tmen t and careful 
tra in ing of interv iewers a re l i kely to produce greater 
cons is tency and accuracy in age repor ting .  

3 .  Whenever possible , ques t ionna i res should be 
des igned to el iminate interviewers ' per forming a r i thme t i c  
in the field . The chance that add it ional e r ror w i l l  be 
introduced is greater when intermed iate calculat ions ar e 
per formed between collecting informat ion d i rectly from 
respondents and subj ecting i t  to analys i s . 

4 .  Effor ts to improve age repor t ing in surveys 
th rough the use of local calenda rs of histor ical events 
a r e  probably a waste of t ime and money . The one 
except ion to th is is the use of calendars for estimat ing 
the ages of ch ildren under age 10 . The ev idence , wh ich 
is reviewed in the append ix , suggests tha t these 
calendars are rarely used properly in large su rveys and 
censuses and tha t when they are used they are apt to lead 
to biased est imates of ages for adults . In large 
su rveys , efforts to improve age repor t ing probably should 
be l imi ted to request ing b i r th cer t i f icates and other 
documents tha t help in est imat ing ages . Al though th is 
may prove useful in only a small propor t ion of the 
populat ion , there is ev idence that such documents a r e  
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unde rutil ized i n  areas whe re enumerators do not expec t 
people to have them . S imilarly , some of the larger 
errors might be reduced by e f forts to decrease the amoun t 
of proxy repor t ing . I t  would also be helpful to have 
more complete tests of the usefulness of est imat ing age 
f rom such data as durat ion of mar r iage and age of oldest 
ch i ld ,  as in Agarwala ' s  1960  analys is  of the Mysore 
Survey . 

5 .  In censuses , more attent ion should be pa id to 
ensur ing a complete count and to es timating the 
completeness of the count .  For example , s imply reminding 
respondents that servants and employees l iving in the 
household are to be repor ted might improve the accuracy 
of the repor ted proport ion aged 15-19 more than using 
spec ial techn iques for age repor t ing . Although in many 
societies age misrepor ting is probably more common and 
more of a problem than underenumerat ion , in many 
s i tuat ions the latter is more eas ily measured . In thi s 
regard , we agree with Marks ' s  conclus ion that 
post-enumeration su rveys should be des igned pr ima r i ly to 
measure coverage er rors and not content er rors . 

6 .  Publ ished analyses of s tud ies of age misrepor ting 
and age-select ive underenumerat ion rarely prov ide the 
k inds of informat ion needed to unde rs tand the sources o f  
the er rors and the i r  potent ial impor tance i n  other 
populat ions . For example , none of the PES s tudie s 
reviewed here included any tabulat ions that can be used 
to understand the relat ionship between age misrepor t ing 
and par i ty of young women . There were also no 
tabulat ions of underenumeration by mar i tal status and 
only one tabulat ion of underenumerat ion by par i ty .  I f we 
are to develop better models of misrepor ting and 
underenumerat ion and methods for adj ust ing for the ir  
effects , we need better informa t ion abou t wha t k inds o f  
ind iv iduals a r e  missed o r  mis repor ted . Tabulat ions 
s imilar to Tables 17 , 18 , 20 , and 21 could be der ived 
from data tapes of ex ist ing stud ies . These i ssues have 
probably been neglected because mos t researchers are  
interes ted pr ima r i ly in adj ust ing the data from the 
pa r t icular su rvey on wh ich they are wor k ing . In the 
process ,  more general quest ions , wh ich might prove 
appl icable to other populations , frequently have bee n 
over looked . 
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7 .  Stable population analys is and census surv ival 
a pproaches to study ing age d istr ibut ion distort ions have 
been neglected r ecently . The 1970 round of censuses 
opened up new research poss ibi l i t ies in a number of 
countr ies that now have two comparable censuses for th e 
f irst  t ime . A compar ison of the dev iat ions from 
s tab i l i ty or the patterns of census survival rates from 
var ious countr ies could be used to examine such quest ions 
as : ( l ) What is the ef fect of var ious quest ionna i r e  
designs o n  the qual i ty of repor ted age d istr ibut ions? 
and ( 2 )  What is the relat ionship between the apparent 
shor tage of females repor ted at ages 15-19 and the ages 
a t  f i r s t  mar r iage and f i r s t  b i r th?  Al though there a r e  
n umerous problems with these techn iques , they have two 
impor tant advantages :  f i r s t , they allow new informa t ion 
to be obta ined from ex ist ing data J and second , they can 
be appl ied to a large number of populat ions and therefor e 
can prov ide informat ion about the var iety in patterns of 
d istort ions in age distr ibut ions . 

8 .  There have been far too few compa r i sons of the 
results of stud ies of age misr epor t ing and coverage 
e r rors and the results of s tud ies tha t  use stable 
populat ion and census surv ival approaches . Compar ison s  
o f  th is type us ing u.s. data have raised ser ious 
quest ions about the usefulness of the results of studies  
o f  age misrepor t ing and coverage errors . The compar isons 
in Tables 7 ,  8 ,  9 ,  and 24 and the compar i son of Gibr i l , 
P i son ,  and Caldwell ' s  est imates of age misrepor t ing among 
ch ildren (Table 10 ) with census data from 19 Afr ican 
censuses (Table 1 3 )  demonstrate that extreme caut ion is 
needed befor e the results of these stud ies can be 
g enerali zed to other populat ions or even used to adj us t  
census data for the same populat ion . In add i t ion ,  i f  the 
s urvey results do prove to be rel iable and more widely 
appl icable , combin ing the results wi th stable populat ion 
and census surv ival techn iques will provide a clearer 
picture  of the er rors and dev iat ions from s tab i l i ty tha t 
r ema in in the data after the one adj ustment has been made . 

9 .  The stud ies by G ibr i l , P i son , Caldwell , and Mur ray 
s uggest that studies with moderate sample s i ze that match 
age reports and b i r th ce r t i f icates or baptismal records 
can produce valuable results even in countr ies where such 
records are rare . For example ,  although Caldwell ' s  s tudy 
was based on data only from towns included in the b i r th 
reg i stration area of Ghana , the results seem to be useful 
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i n  unde rstand ing age mis r epor ting for all of Ghana . The 
need for fur ther s tudies of th is sor t is clear when we 
cons ider that the s tudies by Gibr il ,  Pison , and Caldwell 
are the best of the i r  type and provide our  clearest 
evidence o f  patterns of age misrepor ting , yet all three 
are s tud ies of West  Afr ican populat ions . The almos t 
complete lack of such s tudies in South Ame r ica and As i a  
threatens u s  with the poss ibil i ty that our models o f  age 
mis r epo r ting may be overly culture-bound . Mur ray ' s  study 
of Ha i t i , wh ich is unpubl ished , suggests the poss ib i l i ty 
that other anthropolog ists may have s imilar unpubl ished 
data that could help answer quest ions about the nature of 
repor t ing er rors in other par ts of the world . Comparable 
data might be ava i lable from h istor ical s tud ies that 
include mult iple sources of informat ion on the same 
individual . 

1 0 . The s imulat ions by Rashad , van de Walle , and 
Santow of the ef fect of age misreport ing on the Brass 
techn iques and the tests d isplayed in Tables 25 and 27 
are prel iminary s teps toward the use of s imulat ion to 
elucidate the biases in ex ist ing est imates of mortal i ty 
and fer t i l i ty .  The preced ing d i scuss ions suggest  three 
useful a ims for future s imulat ion stud ies : ( 1 )  they 
should provide simulations of s i ngle-year distr ibut ion s 
that can be compared to data s imilar to those g iven in 
Table 5 to test the rea l i sm of the s imulat ion J ( 2 )  they 
should test the robustness of est imates based on 
alterna tive age groupings , as demonstrated in Table 25 ; 
and ( 3 )  they should compare the e ffects of alternat ive 
patterns of repor t ing , espec ially patterns that ind icate 
a relat ionship be tween age misrepor t ing and the 
underenumeration of such character istics as surv ival o f  
children and surv ival o f  parents . 

SUMMARY 

Although age misrepor ting and select ive underenumerat ion 
will cont inue to plague demograph ic s tudies , the recen t 
evidence suggests that we can do a much be tter job of 
adj ust ing data for misrepor ting e r rors and of developing 
techn iques for estimat ing fer t i l i ty and mor tal i ty that 
are less sens i t ive to age repor t ing error s . 
Unfor tunately , all too frequently we settle for est imates 
that we real i ze are affected in some unknown way by 
misreport ing and underenumerat ion . Although age 
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misrepor t ing and age-selective underrepor t ing are only 
two sources of er ror in our est ima tes , the preceding 
d iscuss ion makes it  clear tha t they are not tr ivial 
sources of e r ror and that there are ways of reduc ing such 
e r rors . 

Age misrepor t ing and select ive underenumerat ion 
frequently are v iewed as impor tant bu t uninterest ing 
problems . The f ine research car r ied ou t by a number of 
scholars  in var ious populat ions clearly demonstrates tha t 
w i th carefully planned f ield wor k  and thoughtful 
analys is , combined with compar ison of results from 
d i fferent sou rces and techn iques , we can expect to 
produce improved ways of deal ing with one of demography ' s 
mos t frustrat ing problems . 
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Appendix 

The Usefulness of 
Historical Calendars 

• • •  and we , in our researches , mus t  
e i ther s top a t  the cond i tional and 
apparent beg innings , confusing them 
w i th the real beginn ing , in the same 
way that Joseph confused the man from 
Ur on the one hand with h i s  father , 
and on the other hand with Joseph ' s 
own great-grandfather , or else we must 
keep on being lured from one time 
coul isse to the next , backwards and 
backwards into the immeasurable . 

-- Thomas Mann , 
Joseph and His Brother s 

The h i s tor ical calendar of local events has frequen tly 
been used as a techn ique for est ima t ing ages in 
populat ions where knowledge of ages and b i r th dates i s  
rare . Prepar ing useful calendars i s  t ime-consuming and 
the i r  use lengthens the interviewing process , so it i s  
impor tant to determine whether and when these extra costs 
are j us t i f iable in terms of the expected improvement in 
age repor t ing . 

S everal major problems exist  with the use of 
histor ical calendars . The f i r s t  is one tha t greatl y 
l imi ts the usefulness of calendars  in large surveys : the 
diff iculty of producing l ists of events that are known to 
the respondents in each local area . In many countr ies a 
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calenda r of nat ional events i s  not very useful fo r 
e s t ima ting ages . People may not be suffic iently aware of 
na tional events to remember even the mos t impor tant ones 
(Gibr i l ,  1979 : 36 ,  Seltzer , 19 7 3 : 16 ) . Th is is  probably 
especially true in relat ively new nat ions and in  
countr ies in wh ich large par ts of the population are  
i l l i terate and do not have access to rad ios . Secondly , 
even when people remember events of nat ional 
s ignif icance , those events may be so far removed from 
the i r  da ily l ives that they are unable to relate them 
ch ronolog ically to pe rsonal events such as b i r ths or 
ma r r iages . 

While i t  is poss ible to produce useful calendars , i t  
i s  t ime-consuming and expens ive ( Seltzer , 1973 : 16 ) . I n  
f ac t ,  unless the calendars are created under careful 
supervis ion and unless plenty of t ime is  allowed for the 
process , they may simply not be constructed . FOr 
example ,  in both the 1960 census of Ghana and the 196 7 
census of Tanzan ia a short calendar of na t ional even ts 
was given to each enume rator . In both cases this shor t 
calendar was to be supplemented by a l is t  of local events 
constructed by the enumerator s .  There is no ev idence as 
to how many of these local calendars were ever 
constructed (Gil et al . , 197l : xxxvi J Un i ted Republ ic o f  
Tanzania , 1971 : 87 ) . In the 1973  Nat ional Demograph ic 
Survey of Tanzania , local calendar s  were  to be 
cons tructed in each of the 7 2  rural sample areas before 
the interviewing began . Because of a shor tage of t ime , 
calendars were produced for only about half of the 
cluster s ,  and some of these included only a few events i n  
add i t ion t o  the nat ional calendar (Ewbank and Hogan , 
n . d . ) . 

The d i f f icult ies involved in produc ing a proper 
calendar are made clear by Scott and Sabagh ' s  descr ipt ion 
o f  the k ind of calendar that i s  necessary for accurate 
age repor ting . They ma inta in that a calendar should 
contain •events cover ing every , or almos t every , year of 
the pas t  century or so• and tha t monthly events are 
r equ ired for the most recent two years ( 1970 : 94-9 5 ) . 
Th is level of detail  i s  par ticularly impor tant for the 1 5  
years pr ior to the survey . Unless the calendar includes 
at lea s t  one event for each of the pr ior 15 years , i t i s  
unlikely to b e  an improvement over guesses based on 
appearances . 

A second problem with us ing calendars i s  that they a r e  
very d i f f icul t  t o  u s e  properly and requ ire a great deal 
of pat ience and pers istence . Gibr il repor ts that 
interviewers in Gamb ia tended to avoid us ing the 
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calenda rs  because of the complexi ties and because some of 
the respondents res isted the calendar approach 
(1979 : 3 6 ) . For example ,  some respondents refused to 
answer quest ions about events a f ter having al ready stated 
an est imated age r some appeared to resen t th is probing 
because it impl ied that the answer they had already given 
might be wrong . In Ghana there was apparently the same 
problem in the 1960 census . Interviewers were tra ined to 
use several methods of age est ima t ion with the suggested 
order of preference be ing : b i r th or baptismal 
ce r t i f icates , histor ical events , local events , and fac ial 
appearance . Exper ience in the pre-census survey showed 
that •a large percentage of the enumerators 
( subsequently , ma in census f ield superv isors ) even in the 
southern port ion of Ghana resor ted to the las t 
method •--that is , to est ima t ing age from appearance 
( Ghana , 1964 : 388) . 

Scott and Sabagh s tud ied the use of local calendars in 
rural areas dur ing the 1961-1962  Multi-Pu rpose Survey in 
Morocco . They too d iscovered that the calendar was not 
always used . Dur ing the f i r s t  round of the survey they 
found that •age was of ten be ing est imated at s ight , or by 
repor t ,  and the columns concern ing the calenda r wer e  
be ing comple ted a f terwards t o  f i t  th i s  est imate • 
( 1 9 7 0 : 9 5 ) . In the second round , when the interview 
procedure was revised and more supervis ion was provided , 
they found that the calendars we re used to est ima te the 
ages of 87 percent of the men and 75 percent of the 
women . The calendar was used least in the case of me n 
aged 15-29 ( 7 0  percen t )  and women aged 15 and over ( about 
60 pe rcen t ) . They attr ibu te these low percentages to the 
fact tha t calendars cannot really be used to est imate the 
ages of adults who are not seen by the enumerator . In  
Morocco , male interviewers are apparently not able to 
interview a large propor tion of the adult women , and many 
men aged 15-29 may be temporar ily absent ( 197 0 : 9 6 ) . 

As was stated previously , in the 1973  Nat ional 
Demograph ic Survey of Tanzan ia there was an a ttempt to 
produce a local calenda r for each of the 7 0  rural 
clus ters . However , because of t ime constra ints the 
qua l i ty of the local calendars  var ied greatly . Analys i s  
o f  the data repor t ing us ing the U . N .  index of 
misrepor ting (Ewbank and Hogan ,  n . d . : 30-31 ) demonstrated 
that the mos t impor tant factor determin ing the smoothness 
of the age distr ibut ions was the educa t ion level of the 
interviewers . The interviewer team w i th the lowest level 
of educat ion was respons ible for the interviewing in fou r 
of the s ix reg ions with the h ighest U . N .  scores for age 
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misrepor t ing (out o f  a total o f  1 8  reg ions ) .  Howeve r ,  
even the bes t  teams produced age d istr ibut ions tha t were 
heav ily a f fected by misrepor t ing . Moreover , there was no 
cor relat ion between the number of events l is ted in the 
local calenda r and the age repor ting index for that 
a rea . Th is suggests that in large surveys the d if f iculty 
of producing local calendars and train ing and supervis ing 
i nterviewers might well reduce the impact of the 
calendars  to the point where they are not cos t ef fective . 

There i s  evidence to suggest that even when local 
calendars  are carefully produced and used they may not 
produce par t icularly good est imates of age .  FOr example , 
G ibr il notes that in Gambia there was often confusion 
between two events in the calendars , wh ich compl icated 
the i r  use . He spec if ically ment ions confus ion between 
the f i r s t  and second world wars , between the time of 
independence and the gain ing of republ ican s tatus , and 
be tween the date of the coming to Gambia of a r iver boat 
as opposed to the a r r ival of a fe rry ( 1979 : 33 ) . Scot t 
and Sabagh also d i scuss th is  problem and descr ibe a case 
in wh ich confus ion between two s imilar events in the 
calendar led to one woman ' s  age be ing misrepor ted by 15 
years even though she was educated and clear ly knew he r 
exact age ( 1970 : 10 4 ) . G ibr il points out that even when 
an even t is remembered prope r ly , there is s t i l l  the 
problem of es tabl ishing the person ' s  age at the t ime of 
the remembered event (1979 : 37 ) . 

More ser ious evidence of poor resul ts from a carefully 
prepared and appl ied calendar comes from Caldwell and 
I gun ' s  s tudy of three approaches to age est imat ion in 
Niger ia . In the i r  su rvey , the interv iewers f i r s t 
r ecorded the age s tated by the respondent . They then 
used a carefully constructed h i s tor ica l  calendar to 
est imate the age . Finally , they tr ied to sol i c i t  a l i s t  
o f  at least six  persons l iving in the area who were the 
s ame age as each individual interv iewed . They used thi s  
l is t  of s ix contemporar ies t o  determine two es timates o f  
the person ' s  age . The f i r s t  assigned the ind iv idual the 
modal age repor ted by h i s  s ix contemporar ies . The second 
approach tr ied to determine wh ich of the seven 
indiv iduals ( the respondent plus the s ix contemporar ies ) 
was most l ikely to have reported cor rectly and used that 
person ' s  age as the cor rect one . The resul ts were then 
analyzed by compar ing the f irst repor ted age to the age 
est imated us ing the calendar and to the two est imates 
based on cohort repor ts , the modal age and the most 
reliable or "bes t •  cohor t  age .  

Table A-1 presents the e r rors in responses to the 
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TABLE A- 1 Percentage o f  Agreement B etween Age s Reported in Respon s e  to a S impl e  Ques tion on 

Age and Age s Es timated by Alternative Approaches : Nigeria 

Males Females 

Reported Hi storical Modal Age "Bes t" Cohort Historical Modal Age "Best " Cohort 
Age Calendar of Cohorts Estimate Calendar of Cohorts Estimate 

0-4 98 93 9 3  9 8  9 3  9 4  
5 - 9  9 3  90 91  94 90 91  

1 0- 14 87 84 86 88 85 81 
1 5 - 1 9  87  84 8 3  8 8  8 5  81 

20-24 8 3  8 4  8 3  84 81 80 
25-29 7 7  7 9  8 0  78 82 78  
30- 34 7 1  7 4  7 5  75 78 79 IQ 

w 
35-39 7 3  7 7  7 5  6 7  7 3  69 

40-44 66 76 77  75 79 72 
45-49 68 75 67  68 68 68 
50-54 66 78 81 65 78 72 
55-59 5 5  6 7  6 2  64  7 1  7 1  

60-64 64 75 67  64 78 67 
65-69 66 65 65 74 74  84  
70- 7 4  7 3  84 82 67 80 79 
75+ 61 6 3  69 7 1  8 2  82 

Total 81 82 82 83 83 81 

Source : Caldwel l  and Igun , 19 7 1 : 296-297 . 
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s imple ques tion on age tha t are impl ied by a compar ison 
w i th each of the three more complex age-es t imat ion 
methods . The three est imates of the overall propor tion 
r epor t ing the ir  age cor rectly were v i r tually the same : 
about 8 2  percent for each sex . However ,  by examining th e 
propor t ions est imated to be •cor rect • in each age group 
we f ind impor tan t d i f ferences among the three methods . 
For females , the histor ical calendar approach seems to 
underest imate the number of er rors for women under age 2 5  
and to exaggerate the number o f  er rors over age 50 
relat ive to the cohor t approaches .  �r males , the 
h is tor ical calendar approach appears to overstate the 
e r rors a t  ages 30-54 and at 7 0  and over and to sl ightly 
underest imate the errors a t  other ages . 

Table A-2 summa r i zes the pattern of misrepor t ing 
i mpl ied by each of the three age-est imat ion methods . I t 
is  clear from th is table that the histor ical approach 
leads to very d i f ferent conclus ions regard ing the pattern 
of mi srepor ting than do the cohor t  approaches . The 
calendar approach sugges ts that all persons over the age 
of 10 tend to understa te the i r  age . Caldwell and Igun 
conclude tha t th is prov ides •cor roborat ion for the 
suspicion that the histor ical calendar method might tend 
to overstate • the ages of respondents ( 1 9 71 : 29 5 ) . 

Other evidence that the use of h is tor ical calendar s 
m ight bias repor ted ages upward comes from data presented 
by Scott and Sabagh . In the second round of the 
Multi-Purpose Survey of Morocco , males aged 15-20 were 
asked how many t imes they had observed Ramadan .  S ince 
Ramadan i s  generally f i r s t  celebrated at the t ime a male 
reaches pube r ty , compar ing the number of t imes a man has 
celebrated Ramadan with other est imates of his age should 
prov ide ev idence on the accuracy of the est imates . What 
is s ign i f icant for our purposes is  that by us ing the ages 
est imated by reference to the events calenda r ,  the mean 
age at f i r s t  Ramadan comes to about 15 . 7  years , whereas 
us ing age estima tes based on appearance and responses , 
the mean age was 14 . 2  years in the f i r s t  round and 14 . 7  
i n  the second round (1970 : 10 2 ) . I t  therefore appear s  
that for males aged 15-20 , use o f  hi stor ical calendars 
tended to increase the repor ted age .  

I n  Gibr il ' s  analys is of the tape recordings from 
Gambia , he tr ied to evaluate the interv iewer ' s  effect on 
the repor ted age . By compar ing the age repor ted by the 
respondent with the age actually recorded by the 
enumerator he concluded that the interviewers  in Gambia , 
using h i s tor ical calendars , tended to ove rs tate ages 
( 1979 : 69 ) . 
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TABLE A- 2 Net Percentage of Re spondents Overstating Their Age , Based on Three Age-Estimation 

Techniques : Ni ge ria 

Males Females 

Reported Historical Modal Age "Best "  Cohort Historical Modal Age "Bes t "  Cohort 
Age Calendar of Cohorts Estimate Calendar of Cohorts Estimate 

0-4 2 3a 6a 2 3 4 
5-9 1 2 - 1  0 0 1 

10-14 - 3  0 0 -2 - 1.  1 
1 5- lq - 3  0 3 0 5 3 

20-24 - 5  0 1 -2 -1 0 
25-29 - 7  1 2 -6 8 -4 
30- 34 - 1 1  0 -5 -9 2 2 1  
35-39 - 9  - 3  1 -7 -1 5 

40-44 -16 0 1 - 7  7 6 
4 5-49 -8 1 1  3 - 1 0  8 2 
50-54 -14 -8 -7 -9 -2 -8 
55-59 -21 -1 0 - 16 - 3  - 1 3  

60-64 -4 -5 -3 -8 -6 5 
65-69 - 2 0  5 -9 -14 6 -4 
70-74 -17 - 4  - 6  -9 4 5 
75+ - 1 7  - 1 1  - 1 1  - 1  8 8 

Total -5 0 0 - 3  1 3 

Note : The percentages shown represent the percentage reported in a higher five-year age group minus the 
percentage reported in a lower five-year age group . 

aThese two figures have been adj usted from the original data , which indicated that a percentage of those 
aged 0-4 had been reported in a lower five-year age group--which cannot be correct . 

Source : Based on Caldwe l l  and Igun , 19 7 1 : 296-297 . 

\Q 
Ul 
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I n  three o f  the cases mentioned above , the re appear s 
to be a tendency for age to be overstated when i t  is 
est imated from histor ical calendars . However ,  Scot t and 
Sabagh report some prel iminary f ind ings from a repor t by 
w. A .  Belson on a study of memory of publ ic events wh ich 
suggest that understatement might be the effect in some 
populat ions • •Except in the case of recen t events , the 
general tendency was toward post-dating . Er rors were 
of ten very substantial and were large r among respondents 
in the less skilled occupat ional groups • ( 1970 : 10 6 ) . A 
bias of th is sor t would lead to an understatement of age 
i f  the age at the t ime of the event were repor ted 
accurately . 

There is  one case in wh ich a clear bias toward 
unders tatement of age has been l inked to the use of 
h istor ical calendars . In a study of a v illage in rural 
Ha i t i , Chen and Murray ( 1976 ) were able to use a 
comb inat ion of baptismal records and s ibl ing and peer  
matching to der ive rel iable age est imates for 9 0  percen t 
of the populat ion . Bapt ismal records were located for 
about 68 percent of the populat ion , about 15 percent wer e  
s ibl ings o f  people with bapt ismal records , and the 
rema inde r were  matched with ch ildhood fr iends who wer e  
s l ightly older o r  younger .  Mur ray compared these ages 
w i th the ages determined for adults us ing a calendar of 
the pres idents of Ha i t i , s ince it is  widely bel ieved that 
everyone in Ha i t i  knows who was pres ident a t  the t ime of 
h is birth . He found first  of all that 31  percent of the 
adult respondents cla imed they d id not know who was 
pres ident at the t ime of the i r  b i r th .  Most of those who 
said they d id not know were ove r age s o . Of the 
r ema ining 285 adult respondents , 48 percent named the 
wrong pres ident . Mur ray concludes that th is bel ies the 
• s tereotype that ag ing by Pres idents is the anc ient , 
trad i t ional ag ing techn ique of the Ha i tian peasan t •  
( 1979 ) . In examin ing the errors that were made , he 

d iscove red that in more than 90  percen t  of these case s 
the person named the pres ident subsequent to the cor rect 
one . Th is means that in more than 40 percent of the 
cases in wh ich an adult cla imed to know who was pres ident 
at the time of his or her b i r th the result ing age would 
have been lower than the cor rect age . 

In every one of these cases , the ev idence sugges t s  
t h a t  Caldwell and Igun were cor rect when they concluded : 
•The poss ibil ity should not be ignored that the 
h istor ical me thod actually introduces non-random er rors • 
(1971 : 301-30 2 ) . 
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Glossary 

AGE HEAP I NG A tendency for enumerators or respondents to 
repor t certain ages instead of others 7 also called age 
preference or digit preference . Pre ference for ages 
end ing in 0 or 5 is  widespread . 

AGE PATTERN OF FERTI LITY The relat ive distr ibut ion of a 
set of age-spec i f ic fer t i l i ty rates . I t  expresses the 
r elat ive contr ibut ion of each age group to total 
fer t i l i ty .  

AGE RATIO The ratio of the popula t ion in a g iven age 
group to the average of the populations in the two 
ne ighbor ing age g roups , t imes 100 . 

AGE-SPEC IFIC FERTILITY RATE The numbe r of b i r th s  
occurr ing dur ing a speci f ied per iod t o  women of a 
spec i f ied age or age group , div ided by the numbe r o f  
person-years-l ived dur i ng that per iod by women of that 
age or age group . When an age-spec i f ic fer t i l i ty rate 
is calculated for a calendar year , the number of 
bi r ths to women of the spec i f ied age i s  usually 
d ivided by the midyear population of women of that age . 

AGE-SPECIFIC MORTALITY RATE The numbe r of deaths 
occur r ing dur ing a spec i f ied per iod to persons 
(usually spec i f ied by sex ) of a spec if ied age or ag e  
g roup , divided by the number o f  person-years-l ived 
du r i ng that pe r iod by the per sons of that age or age 
g roup . When an age-spec i f ic mor tal i ty rate i s  
calcu lated for a calendar year , the number o f  death s 
to persons of the spec i f ied age i s  usually divided by 
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the midyear populat ion o f  pe r sons o f  that age . 
Age-spec i f ic mor tal i ty rates are generally denoted by 

nMx, the annual death rate to persons aged x to 
x + n .  

AGE STANDARDI ZATION A procedure of adj ustment of crude 
rates ( b i r th , death , or othe r rates ) des igned to 
r educe the e f fect of d i f ferences in age structure when 
compa r ing rates for d i fferent populations . 

B I RTH HI STORY A report of the number and dates of all 
l ive births exper ienced by a part icular woman J see 
a lso pregnancy history . The sex of each ch ild , the 
surv ival of each ch ild to the date of the interview , 
and , where per t inent , the date of death a re also 
generally recorded . 

B I RTH ORDER The ord inal number of a g iven l ive b i r th in 
relation to all previous l ive b i r ths of the same woman 
( e . g . , 5 is the b i r th order of the f i fth l ive b i r th 

occu r r ing to the same woman ) . 
B I RTH RATE See crude b i r th rate . 
CHANDRASEKARAN-DEMING TECHNIQUE A procedure to est imate 

the coverage of two independent systems collect ing 
information abou t demograph ic or othe r events , based 
on the assumption that the probabi l i ty of an event 
being recorded by one sys tem is  the same whethe r or 
not the event is  recorded by the other system . The 
events from both systems are matched to establ ish M ,  
t h e  number o f  events recorded b y  both systems J ul , 
the number recorded only by system 1 ;  and u 2 , the 

number recorded only by system 2 .  The 
Chandrasekaran-Deming formula then estimates total 
events , N, as 

�� N • M + u
1 

+ u2 + ____ • 
M 

CHILDBEARING AGES The span within wh ich women a r e  
capable o f  bear ing ch i ldren , gene rally taken t o  be 
from age 1 5 to age 49 or , sometimes , to age 4 4 . 

CHILDREN EVER BORN (E)  The number of ch i ldren ever borne 
al ive by a pa rt icular woman ; synonymous with par i ty .  
I n  demog raphic usage , sti llbi r ths are spec i f ically 
excluded . 

COHORT A group of individuals who exper ienced the same 
class of events in the same pe r iod . Thus an age 
cohort is  a group of people born during a par t icular 
per iod , and a mar r iage cohor t  is  a group of people who 
mar r ied dur ing a par t icular per iod . The e ffects of a 
g iven set of mortal i ty or fertility rates are often 
i l lustrated by apply ing them to hypothetical cohor ts . 
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COHORT FERTILITY The fer t i l i ty expe r ienced ove r time by 
a group of women or men who form a b i r th or a mar r iage 
cohor t .  The analys is of cohor t  fer t i l i ty is 
contrasted w i th that of per iod fer t i l i ty . 

CRUDE BIRTH RATE The number of b i r ths in  a population 
dur ing a spec i f ied per iod d ivided by the number of 
pe rson-yea rs-l ived by the populat ion dur ing the same 
per iod . I t  is frequently expressed as b i r ths per 
1 , 0 0 0  population . The crude b i r th rate for a s ingl e  
year is  usually calculated a s  the number o f  b i r ths 
dur ing the year div ided by the midyear population . 

C RUDE DEATH RATE The number of deaths in a populat ion 
dur ing a speci f ied pe r iod d iv ided by the number of 
person-years-lived by the population dur i ng the same 
per iod . I t  is frequently expressed as deaths pe r 
1 , 00 0  populat ion . The crude death rate for a s ingle 
year is  usually calculated as the number of deaths 
dur ing the year d ivided by the midyear population . 

CUMULATED FERTILITY An estimate of the ave rage numbe r o f  
children ever borne by women o f  some age x , obtained 
by cumulating age-spec i f ic fer t i l i ty rates up to age 
X J  also of ten calculated for age groups . 

DEATH RATE See crude death rate . 
DE FACTO POPULATION A population enumerated on the bas is  

of  those present at a par t icular t ime , including 
temporary v i s i tors and excluding res idents temporar ily 
absent . See de jure populat ion . 

DE JURE POPULATION A populat ion enumerated on the bas i s  
o f  normal res idence , exclud ing temporary v i s i tors and 
i nclud ing res idents temporar i ly absent . See de fac to 
population . 

D IGITAL PREFERENCE See age heaping . 
EXPECTATION OF LIFE AT BIRTH The ave rage number of year s 

that a member of a cohor t of b i r ths wou ld b' expected 
to l ive i f  the cohor t we re subject to the mor tal ity 
cond i t ions expressed by a par t icular set of 
age-specific  mor tal i ty rates . Denoted by the symbo l 
e (o)  in l i fe table notat ion . 

FERTILITY HI STORY Either a b i r th history or a pregnancy 
h i s tory . 

FORWARD SURVIVAL A procedure for estimat ing the age 
distr ibution at some late r  date by projecting forwa r d  
an  observed age d istr ibut ion . The procedure uses 
surv ival rat ios , often obtained from model l i fe 
t ables . The procedure i s  bas ically a form of 
population proj ection w i thou t the introduction of new 
entrants ( b i r ths ) to the populat ion . 

GENERAL FERTILITY RATE The ratio of the numbe r of live 
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b i r ths in a per iod to the numbe r of person-years-l ived 
by women of ch ildbear ing ages dur ing the pe r iod .  The 
gene ral fe r t i l i ty rate for a year is usually 
calculated as the number of b i r ths d ivided by the 
number of women of ch i ldbear ing ages at midyear . 

GROSS REPRODUCTION RATE The average number o f  female 
children a woman would have i f  she surv ived to the end 
o f  her ch ildbear ing years and if , throughout , she were 
subj ect to a g iven set of age-spec i f ic fer t i l i ty rates 
and a g iven sex ratio a t  birth .  Th is number prov ides 
a measure of replacement fer tility in the absence of 
mor tal ity .  

G ROWTH RATE The increase or decrease of a population in 
a per iod d iv ided by the numbe r of per son-years-l ived 
by the number of person-years-l ived by the populat ion 
du r i ng the same per iod . The increase in a populat ion 
is the result of a surplus (or def ic i t )  of b i r ths over 
deaths and a surplus (or def i c i t )  of immigrants ove r 
emigrants . ( The annual increase is often expressed as 
a fraction of the total population at the beg inn ing of 
the year , but th is convention has the inconvenient 
character istic of not be ing read ily def ined for a 
f ive-year interval and of be ing unequal to the 
d i f ference between the b i r th rate and the death rate 
even in the absence of migration . )  See also rate of 
natu ral increase . 

I NFANT MORTALITY RATE The number of deaths of chi ldren 
under 1 year of age occu r r i ng in the same year J also 
u sed in a more r igorous sense to mean the number of 
deaths tha t would occu r unde r 1 year of age in a l i fe 
table w i th a radix of 1 , 00 0 , in wh ich sense it is---­
denoted by the symbol lq O • 

LIFE TABLE A l i s ting of the number of survivor s a t  
d i fferent ages ( up to the h ighest age attained ) i n  a 
hypothetical cohor t subject from b i r th to a par t icular 
set  of age-spec i f ic mor tal i ty rates . The rates are 
usually those observed in  a given population dur ing a 
particular per iod of time . The survivors of the rad ix 
to age x are generally denoted by l (x ) . The 
t abulations commonly accompanying a l i fe table include 
othe r features of the cohor t ' s  exper ience : its 
expectat ion of l i fe a t  each age x , denoted by e (X ) J 
the probabil ity of surviv ing from each age x to age 
x + n ,  denoted by nqx J the per son-years-l ived by 
the hypothe tical cohort as i t  ages from age x to age 
x + n ,  denoted by nLx ( also equivalent to the 
population aged x ,  x + n in a s tat ionary poPUlation 
expe r i encing a number of b i r ths each year equal to the 
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rad ix of the l i fe table ) ;  and the person-year s-l ived 
by the hypothetical cohor t from age x onward , denoted 
by T ( x) . 

LOGIT The log i t  of a propor tion p is 1/2 ln [ p/ ( 1 - p ) ] . 
As a linear iz ing trans format ion , the log i t  has been 
proposed as the bas is  of a model l i fe table system in 
wh ich the log i t  of a probab i l i ty of dy ing by age x 
<xQo ) is  related l inearly to the log i t  of a 
s tandard probabi l i ty of dying by age x ( �g) s o  
tha t 

log i t  ( �0) • a +  8 [ log i t  ( �g) ] , 

whe re a is  a measure of mortal ity level relat ive to 
the s tandard and 8 is  a parame ter that alters the 
shape of the s tandard mor tal i ty function . 

MARITAL FERTILITY Any measure of fer t i l i ty in wh ich the 
bi r ths ( in the numerator ) are bi r ths to mar r ied women 
and in wh ich the number of per son-years-l ived ( in the 
denominator ) also pertains to mar r ied women . In some 
ins tances , the des ignat ion •ma r r ied • includes per sons 
in consensual un ions . 

MEDIAN The value assoc iated w i th the central member of a 
set that i s  ordered by s i ze or some othe r 
characte r i s tic expressed in numbe rs . 

MEAN AGE OF CHILDBEARI NG The average age at wh ich a 
mor tali ty-free cohort  of women bear the i r  ch i ldren 
according to a set of age-spec ific fe r t i l i ty rates . 

MEAN AGE OF CHI LDBEARING IN THE POPULATION The average 
age of the mothers of the ch ildren born in a 
population dur ing a year . This  measure incorporates 
the effects of both mor tal i ty and the age di str ibut ion . 

MODEL LIFE TABLE An express ion of typical mor tal i ty 
exper ience der ived from a group of observed � 
tables . 

MOVING AVERAGES The successive averag ing of two or more 
adj acent values of a ser ies in orde r to remove shar p 
f luctuat ions . 

MYERS INDEX An index of d i g i t  pre ference that 
essentially sums in turn the populat ion end ing in each 
d ig i t  over some age range , often 10-89 , expressing the 
total as a percentage of the total populat ion , and 
wh ich avoids the bias introduced by the fact that the 
popula t ion is not evenly distributed among all ages by 
r epeating the calculat ions 10 t imes , once for each 
s tar ting dig i t , and averag ing the results . The 
d i f ference between the average percentage for each 
d ig i t  and the expected value of 10 percent provides a 
measure of the preference for or avoidance of the 
d i g i t  ove r the age range cons idered . 
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NATURAL FERTILITY The age pattern o f  mar i tal fe r t i l i ty 
observed in non-contraceptive populat ions whe re 
reproductive behavior is not affected by the numbe r of 
children already born . 

NET MIGRATION The d i fference between gross immigrat ion 
and g ross emigrat ion . 

NET REPRODUCTION RATE The average number of female 
ch ildren born pe r woman in a cohor t subj ec t to a g ive n 
set of age-spec i f ic fe r t i l i ty rates , a g iven set of 
age-spec i f ic mortal i ty rates , and a g iven sex ratio a t  
�· Th is rate measures replacement fer t i l i ty unde r  
g iven cond it ions o f  fe r t i l i ty and mortal ity :  i t is  
the ratio of daughte rs  to mothers  assuming 
cont inuat ion of the spec i f ied cond it ions of fer t i l i ty 
and mor ta l i ty . 

OWN-cHILDREN METHOD A r e f inement of the rever se-surv ival 
procedure for fe r t i l i ty est imat ion , whereby estimate s 
of  age-spec i f ic fert i l i ty rates for the recent past 
are obtained by relat ing mothe rs to the i r  own 
children , us ing informat ion on relat ionship and other 
cha racter istics ava i lable from a census or survey . 

PARITY See ch ildren ever born . 
PARTIAL BIRTH RATE The propor tion of the populat ion tha t 

enters ( that is , is •born •  into)  a given age category 
in a yea r . The age categories used are normally 
open-ended , thus the par tial b i r th rate x+ designates 
the propor tion of the populat ion becoming x years and 
older . 

PARTIAL DEATH RATE The propor t ion of the populat ion that 
leaves ( that i s , •dies • ou t of ) a g iven age category 
i n  a year . See par tial b i r th rate . 

PERIOD FERTILITY The fe r t i l i ty exper ienced dur ing a 
par t icular per iod of t ime by women from all relevant 
b i r th or marr iage cohorts ; see also cohor t fer t i l i ty .  

P/F RATIO METHOD A cons is tency check for survey 
information on fer t i l i ty .  Information on recen t 
f e r t i l i ty is cumulated to obtain measures tha t are 
equ ivalent to average par i ties . Li fetime fer t i l i ty i n  
the form of repor ted ave rage par i ties by age group (P ) 
can then be compared for consistency with the 
par i ty-equ ivalents (F )  by calculat ing the rat io P/F 
for success ive age g roups . I f  certain assumpt ions 
about er ror patterns are met , an improved est imate of 
fer t i l i ty can somet imes be obta ined by cor rect ing the 
age pattern of current fer t i l i ty to agree w i th the 
level of l i fe t ime fer t i l i ty repor ted by younger women . 

P REGNANCY HISTORY A repor t of the number and the dates 
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of occurrence of all the pregnancies exper ienced by a 
par t icular woman . The outcome of the pregnancy--l ive 
b i r th , stillb i r th , fetal death--i s  also recorded . 

RADIX The hypothet ical b i r th cohor t of a l i fe table . 
Common values are 1 ,  1 , 000 , and 100 , 00 0 . 

RATE OF NATURAL INCREASE The d i fference between the 
b i r ths and deaths occur r ing dur ing a g iven pe r iod 
d ivided by the number of person-years-l ived by the 
population dur ing the same pe r iod .  This  rate , wh ich 
s peci f ically excludes changes resulting from 
migration , i s  the di fference between the crude b i r t h  
£!!! and the crude death rate . 

RETROSPECTIVE SURVEY A survey that obta ins informa t ion 
abou t demographic events that occurred in a g iven pas t  
per iod , gene rally termina t ing at  the t ime of the 
survey . 

REVERSE PROJECTION See reverse survival . 
REVERSE SURVIVAL A techn ique to estimate an ea r l i e r  

populat ion from a n  observed populat ion , allowing for 
those members  of the population who would have d ied 
accord ing to observed or assumed mor tal i ty 
cond i t ions . I t  i s  used as a method of estimat ing 
f e r t i l i ty by calculat ing f rom the observed numbe r of 
surv ivor s of a g iven age x the expected number of 
b i r ths that occur red x years earlier . ( In s i tuat ions 
for which both fer t i l i ty and mortal ity are known or 
can be rel iably estimated , reverse survival can be 
used to est imate migrat ion . ) 

ROBUSTNESS A characte r is t ic of est imates that ar e  not 
g reatly a f fected by deviations f rom the assumptions on 
which the estimat ion procedure is based . 

SEX RATIO AT BIRTH The number of male b i r ths for each 
female b i r th ,  or male b i r ths per 100 female bi r ths . 

SINGULATE MEAN AGE AT MARRIAGE ( SMAM) A measure of the 
mean age at f i r s t  mar r iage , der ived from a set of 
proportions of people s ingle a t  d i f ferent ages or i n  
d i f ferent age g roups , usually calculated separately 
for males and females . 

STABLE POPULATION A populat ion exposed for a long t ime 
to constant fer t i l i ty and mor tal i ty rates , and closed 
to migrat ion , establ ishes a f ixed age d istr ibution and 
constant growth rate character istic of the v i tal 

· r ates . Such a population ,  w i th a constant age 
str ucture and constant rate of g rowth , is  called a 
s table populat ion . 

STATIONARY POPULATION A s table populat ion that has a 
zero growth rate , with constant numbers  of b i r ths and 
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deaths per year . I ts age structure is determined by 
the morta l i ty rates and is equ ivalent to the 
person-years-l ived <n Lx > column of a convent ional 
l i fe table . 

S URVIVAL RATIO The probabi l i ty of surv iv ing between one 
age and another , often computed for age groups , in 
wh ich case the ratios cor respond to those of the 
person-years-l ived function , nLx, of a l i fe 
table . Also called survivorship probab i l i t ies . 

SURVIVORSHIP PROBABILITIES See surv ival ratio.  
SYNTHETIC PARITY The ave rage par i ty calculated for a 

hypothet ical cohor t exposed indefini tely to a set of 
per iod age-speci f ic fer t i l i ty rates . 

TOTAL FERTILITY RATE (TFR) The average number of 
ch ildren that would be born per woman i f  all women 
l ived to the end of the i r  ch ildbear ing years and bore 
ch ildren accord ing to a g iven set of age-spec i f ic 
f e r t i l i ty rates , also refer red to as total fer t i l i ty .  
I t  i s  frequently used to compute the consequence of 
childbear ing at  the rates currently observed . 

UNITED NATIONS AGE-SEX ACCURACY INDEX An index of ag e 
r epor t ing accuracy tha t i s  based on dev iat ions f rom 
the expected regular i ty of population s i ze and sex 
r a t io ,  age group by age group . The index is 
calculated as  the sum of ( 1 )  the mean absolute 
deviation from 100 of the age rat ios for males , ( 2 )  
the mean absolute dev iation from 100  o f  the age ratios 
for females , and ( 3 )  three times the mean of the 
absolute d i f fe rence in repor ted sex ratios from one 
age group to the next . The Un ited Nat ions def ines 
�ge-sex data as • accurate , •  • inaccurate , •  or •highly 
inaccurate • depend ing on whether the index i s  less 
than 20 , 20 to 4 0 , or greater than 40 . 

WHIPPLE ' S  I NDEX A measure of the qual i ty of age 
repor ting based on the exten� of preference for a 
par ticular target d ig i t  or d ig i ts . The index 
essentially compares the reported population at  age s 
end ing in the target d ig i t  or d ig i ts w i th the 
population expected on the assumption that population 
is a l inear function of age . For a par t icular age 
range , often 23 to 6 2 , the populat ion w i th ages end ing 
i n  the target d ig its is  d ivided by one-tenth of the 
total populat ion , the result then being multiplied by 
1 0 0  and d ivided by the number of d i f ferent target 
d ig i ts . A value of 100  ind icates no pre ference for 
those d ig i ts , whereas values over 100 ind icate 
pos i t ive pre ference for them . 
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