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FOREWORD 

Data from household surveys are frequently used in quantitative analyses 
related t o  food and nutri t ion. Unfortunately, a significant share of such 
analyses resul t  in faulty information because the surveys were poorly done. The 
problem of large measurement errors in data from household surveys needs t o  be 
alleviated t h r o u g h  bet ter  planning and execution of the surveys. In an attempt 
t o  ass i s t  in future survey planning and execution, Victoria Quinn discusses in 
th i s  working paper a number of issues c r i t i ca l  t o  ensuring high qua1 i  ty of data 
collected in child nutri t ion surveys in developing countries. The paper i s  
organized as a user 's  manual to  f a c i l i t a t e  in planning as well as actual 
execution of child nutri t ion surveys. 

This working paper complements a series of working papers on various other 
aspects of food and nutri t i  on-re1 ated household surveys pub1 i  shed jointly by 
CFNPP and the Department of Agricultural Economics, Cornel 1 University . Since 
the readers may be interested in consulting some of these working papers, a 1 i  s t  
i s  presented below: 

Paper Subject 
Series 
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Rural Household Data Col 1 ecti  on in 91-13 
Developing Countries: Designing 
Instruments and Methods for  Collecting 
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1. INTRODUCTION 

Th i s  f i e 1  d manual i s  in tended  t o  p r o v i d e  a s tep-by-s tep u s e r ' s  gu ide  on how 
t o  conduct a c h i l d  n u t r i t i o n  survey i n  a develop ing coun t ry  w i t h  t h e  focus on 
m a l n u t r i t i o n .  The manual has been w r i t t e n  f o r  a non techn ica l  audience w i t h  
l i t t l e  o r  no exper ience i n  da ta  c o l l e c t i o n  o f  t h i s  t ype .  A t t e n t i o n  i s  g iven  t o  
c o l  1 e c t i  ng t h e  minimum amount o f  i n f o r m a t i o n  necessary t o  determine t h e  
n u t r i t i o n a l  s t a t u s  o f  c h i l d r e n  under t h e  age o f  f i v e  years .  Th i s  i nc l udes  
techn iques  on c o l l e c t i n g ,  process ing,  and ana l yz i ng  da ta  on weight  and he igh t ,  
t h e  two measurements most w i d e l y  used t o  determine n u t r i t i o n a l  s t a tus .  

There a r e  o t h e r  aspects o f  conduc t i  ng n u t r i t i o n  surveys, i n c l  ud ing  sampl i n g  
des ign and q u e s t i o n n a i r e  content ,  which a re  beyond t h e  scope o f  t h i s  manual, as 
t hey  a re  h i g h l y  survey s p e c i f i c  and g r e a t l y  depend on t h e  o b j e c t i v e s  o f  each 
survey. A l though n o t  d iscussed here, these types o f  i ssues  a re  ve ry  impor tan t  
and must be adequate ly  addressed by persons knowledgeable i n  these  areas d u r i n g  
t h e  e a r l y  s tages o f  survey p repa ra t i ons .  

Th i s  f i e l d  manual i s  f o r  r o u t i n e ,  nonemergency c h i l d  n u t r i t i o n  surveys. 
S ince n u t r i t i o n a l  emergencies r equ i  r e  a r a p i d  assessment o f  t h e  s i t u a t i o n ,  
c e r t a i n  techniques may be b e t t e r  s u i t e d  f o r  d e t e c t i n g  q u i c k l y  and s imp ly  t h e  
l e v e l s  o f  m a l n u t r i t i o n  i n  a l a r g e  number o f  c h i l d r e n  under famine cond i t i ons ,  
i n c l u d i n g  t h e  use o f  mid-upper arm c i rcumference measuring tapes o r  t h e  Thinness 
Chart .  The assessment o f  n u t r i t i o n a l  s t a t u s  under emergency c o n d i t i o n s  r e q u i r e s  
a d i f f e r e n t  approach than  t h a t  which i s  presented i n  t h i s  manual, and t h e  
i n t e r e s t e d  reader  i s  r e f e r r e d  t o  o t h e r  manuals on t h i s  s p e c i a l i z e d  s u b j e c t  by 
UNICEF (1986) and Appl e ton  (1987). 

The d i f f e r e n t  aspects  o f  conduct ing a c h i l d  n u t r i t i o n  survey, which w i l l  be 
covered i n  t h i s  f i e l d  manual, i n  o rde r  f rom s t a r t  t o  f i n i s h  i nc l ude :  

2. Overview o f  Anthropometr ic  I n d i c a t o r s  
3. Measur ing Age, Weight, and Length 
4. Organ iz ing  t h e  Survey 
5. Col 1 e c t i  ng t h e  Data and Qua1 i t y  Cont ro l  
6. Process ing and Ana lyz ing  t h e  Data 
7 .  P resen t ing  Data on N u t r i t i o n a l  S ta tus  
8 .  P repar ing  t he  F i n a l  Report  



2. OVERVIEW OF ANTHROPOMETRIC INDICATORS 

I n  deve lop ing  c o u n t r i e s  t h e  n u t r i t i o n a l  s t a t u s  o f  c h i l d r e n  under t h e  age o f  
f i v e  years  i s  cons idered t o  p r o v i d e  a  good r e f l e c t i o n  o f  t h e  n u t r i t i o n a l  w e l l -  
be ing  o f  t h e  community. Th i s  i s  because c h i l d r e n  a re  t h e  most vu l ne rab le  t o  
problems o f  inadequate food  i n t a k e  and disease, t h e  major  unde r l y i ng  causes o f  
ma1 n u t r i  t i o n .  Before d i scuss ing  t h e  s teps  o f  conduct ing a  c h i l d  n u t r i t i o n  
survey, i t  i s  u s e f u l  t o  i n t r o d u c e  some bas i c  concepts and terms o f  anthropometr ic  
i n d i c a t o r s  o f  n u t r i t i o n a l  s t a t u s .  

Anthropometry 1  i t e r a l  l y  means human measurement, and measurements o f  weight  
and he igh t ,  combined w i t h  da ta  on age and sex, p r o v i d e  t h e  bas i c  i n f o r m a t i o n  
needed t o  assess a  c h i l d ' s  n u t r i t i o n a l  s t a t u s .  To use measurements o f  weight  and 
he igh t ,  these  raw va lues f i r s t  must be " t ransformed"  i n t o  t h e  n u t r i t i o n a l  
i n d i c a t o r s  o f  we igh t - f o r - he igh t ,  he igh t - fo r -age ,  and weight - for -age.  A  summary 
o f  t h e  meaning o f  these i n d i c a t o r s  as they  a re  commonly used i n  develop ing 
c o u n t r i e s  i s  g i ven  as f o l l o w s .  

WEIGHT-FOR-HEIGHT 

It i s  commonly accepted t h a t  we igh t - f o r - he igh t  i s  a  good i n d i c a t o r  o f  a  
c h i l d ' s  p resen t  n u t r i t i o n a l  s t a tus ,  and c h i l d r e n  w i t h  low we igh t - f o r - he igh t  
va lues a r e  termed n u t r i t i o n a l l y  wasted. We igh t - fo r -he igh t  i s  an i n d i c a t o r  t h a t  
i s  p a r t i c u l a r l y  impo r tan t  f o r  t h e  d e s c r i p t i o n  o f  t h e  c u r r e n t  h e a l t h  s t a t u s  o f  a  
c h i  1  d. 

HEIGHT-FOR-AGE 

He igh t - f o r - age  on t h e  o t h e r  hand i s  a  good i n d i c a t o r  o f  p a s t  n u t r i t i o n a l  
s t a tus ,  and c h i l d r e n  w i t h  low he igh t - f o r - age  va lues  a re  termed n u t r i t i o n a l l y  
s tun ted .  D e f i c i t s  i n  h e i g h t  r e f  1  e c t  o v e r a l l  soc i  a1 condi  t i o n s  (e.  g  . , access t o  
food, income, c h i  l d c a r e  p r a c t i c e s ,  h e a l t h  l e v e l s ,  and s a n i t a t i o n  f a c i  1  i t i e s )  . 
Therefore,  he i gh t - f o r - age  i s  cons idered t o  be a  good i n d i c a t o r  o f  o v e r a l l  
socioeconomic c o n d i t i o n s .  



WEIGHT-FOR-AGE 

A common i n d i c a t o r  f r e q u e n t l y  used by h e a l t h  s t a f f  i s  t h a t  o f  we igh t - f o r -  
age, and c h i l d r e n  w i t h  low we igh t - fo r -age  values a re  termed underweight.  Weight- 
fo r -age  p rov i des  a  mixed r e f l e c t i o n  o f  n u t r i t i o n a l  s t a t u s  s i nce  i t  encompasses 
bo th  t h e  we igh t  c o n t r i b u t e d  by muscle and f a t  mass and t h a t  c o n t r i b u t e d  by 
ske l  e ta1  mass. 



3. MEASURING AGE, WEIGHT, AND LENGTH 

AGE 

The focus of t h i s  f i e l d  manual i s  on determining the  nutr i t ional  s t a t u s  of 
children between the ages of 0 t o  59 months. In many rural  areas of developing 
countr ies ,  i t  i s  d i f f i c u l t  t o  determine the age of children because of the  lack 
of b i r th  records and o f f i c i a l  documents. If t h i s  i s  the  case, a  local events 
calendar wi 11 need t o  be designed by the organizers of the survey t o  pinpoint the 
dates  (month and year) of major events in the  previous f i ve  years. The year can 
best be determined by major events such as droughts, f loods,  f e s t i va l s ,  and 
e lec t ions .  The month can be determined by matching the b i r th  with seasonal 
f a c to r s  such as  the  dry season, the  long ra ins ,  the short  ra ins ,  the maize 
harvest ,  and so on. The actual month and year of b i r th  must be recorded, and, 
i f  possible,  the day as  well.  In addit ion,  the date of the  interview when the 
chi ld  was measured must a lso  be recorded on the questionnaire in order t ha t  the 
precise age of the chi ld  can be calculated l a t e r  during the data processing stage 
a f t e r  the questionnaires have been entered in to  a computer. Never re ly  on the 
enumerators t o  ca lcu la te  the  age of the child in the f i e l d  as t h i s  i s  very prone 
t o  e r ro r .  

I f  i t  i s  impossible t o  determine age accurately,  then i t  i s  advisable t o  
s e l ec t  a l l  children with length measurements of 120 centimeters or  l e s s .  Chances 
a re  t ha t  most of them will  be under f i ve  years of age. Under these 
circumstances, only the indicator  weight-for-height can be determined as  i t  does 
not require age data.  

HOW TO COLLECT WEIGHT AND LENGTH MEASUREMENTS 

Accurate weight and length measurements are  essent ia l  t o  a successful 
nu t r i t ion  survey. I t  i s  important t ha t  not only the enumerators b u t  a lso the 
supervisors know the  procedures. I t  i s  a l so  important t h a t  the mother or  
guardian of the  chi ld  understands why the measurements a re  being taken in order 
t o  reassure them and get t h e i r  cooperation during the  interview. Taking weight 
measurements requi res  a s ingle  enumerator. Taking 1 ength measurements requires 
two enumerators working together as a team. 

Children should be measured a f t e r  a l l  the questionnaires have been 
administered t o  the  mother o r  guardian, with f i r s t  weight and then length being 
taken. T h i s  approach wil l  give the enumerators time t o  get  t o  know the family 
as well a s  the  children.  If  there  i s  more than one e l i g i b l e  child in a 
household, i t  i s  be t t e r  t o  begin with the oldes t  chi ld  and complete a l l  the 
measurements of one child a t  a  time before taking measurements of any other 



c h i l d .  Th i s  avo ids t h e  con fus ion  t h a t  cou ld  r e s u l t  i f  a l l  t h e  c h i l d r e n  a re  
measured a t  t h e  same t ime, s i nce  measurements become mixed up and t h e  wrong 
va lues  p u t  down f o r  t h e  wrong c h i l d r e n .  It i s  a l s o  n o t  adv isab le  t o  weigh o r  
measure c h i l d r e n  i f  t h e y  appear t o  be s i c k  o r  upset, i f  t h e  mother re fuses,  o r  
i f  t h e  c h i l d  has a d e f o r m i t y  t h a t  would i n v a l i d a t e  t h e  measurement, e s p e c i a l l y  
l e n g t h  (e.g., r i c k e t s ,  p o l i o ,  e t c ) .  

The bas i c  techniques f o r  measuring weight  and l e n g t h  a r e  summarized below. 
A d d i t i o n a l  d e s c r i p t i o n s  o f  these measurement techniques a re  descr ibed i n  
UNSO/NHSCP (1986) and Mar to re l  1 (1982). 

WEIGHT 

A1 1 c h i  1 dren between 0 and 59 months should be weighed. A p o r t a b l e  hanging 
s c a l e  w i t h  a maximum capac i t y  o f  25 k i  1 ograms and demarcations a t  every 100 grams 
(F igure  1) i s  t h e  p r e f e r r e d  ins t rument  f o r  weighing c h i l d r e n  i n  f i e l d  surveys as 
i t  i s  easy t o  c a r r y ,  durable,  and accurate.  I n  a d d i t i o n ,  most can be ad jus ted  
t o  zero  w i t h  a screw knob. These sca les  can be ordered f rom UNIPAC, t h e  Un i ted  
Nat ions  C h i l d r e n ' s  Fund supply  o f f i c e  i n  Copenhagen. Each hanging sca le  u s u a l l y  
comes supp l i ed  w i t h  a s e t  o f  p l a s t i c  weigh ing t rousers .  Other companies o f f e r  
s i m i l a r  equipment, and Appendix A p rov ides  a 1 i s t s  o f  these companies and t h e i r  
addresses. Bathroom t ype  sca les a re  n o t  recommended f o r  f i e l d  surveys because 
o f  t h e i r  1 ack o f  accuracy and problems w i t h  dus t  and d i r t ,  which may r u i n  t h e  
c a l  i b r a t i o n  o f  t h e  i n t e r n a l  s p r i n g  mechanism. 

The hanging sca le  should be suspended a t  eye l e v e l  w i t h  a rope from e i t h e r  
a beam, a low branch o f  a t r e e ,  a s p e c i a l l y  made weighing t r i p o d  o r  a crossbar  
h e l d  by two people.  A l t e r n a t i v e l y ,  t he  sca le  can be he ld  manual ly by one 
enumerator i f  i t  cannot be hung. I f  the  sca le  i s  h e l d  manually, t h e  c h i l d  should 
be l i f t e d  w i t h  as much v e r t i c a l  t a k e o f f  as poss ib le ,  and t h e  f i n a l  p o s i t i o n  o f  
t h e  sca le  should be para1 1 e l  t o  t h e  enumerator a t  eye 1 eve1 . The procedure f o r  
t a k i n g  we igh t  measurements i s  g iven  i n  F igures  2 and 3. 

As descr ibed  i n  F igure  2, each enumerator should independent ly  read t h e  
c h i l d ' s  we igh t  t o  t h e  neares t  t e n t h  o f  a k i logram. The two weight  values should 
n o t  d i f f e r  by more than  0.5 k i logram. I f  they  do d i f f e r  by more than t h i s  
amount, f u r t h e r  measurements should be taken t o  determine t h e  c l o s e s t  p a i r  o f  
weight  va lues t h a t  then can be recorded on t he  ques t ionna i re .  L a t e r  du r i ng  t he  
p rocess ing  o f  t h e  data,  t h e  average va lue  o f  t h e  two weight  measurements w i l l  be 
used. 

LENGTH 

A f t e r  a c h i l d  i s  weighed, t he  enumerators should immediate ly  measure t h e  
c h i l d ' s  l e n g t h .  Experience has shown t h a t  i n  c h i l d  n u t r i t i o n  surveys i n  r u r a l  
areas, i t  i s  e a s i e r  and more accurate t o  measure a c h i l d  w h i l e  recumbent than 
w h i l e  s tand ing .  S t r a i g h t  w a l l s  and f l a t  f l o o r s  a re  n o t  common i n  r u r a l  
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Figure 2 - Procedure t o  Measure Weight 

Enumerator A: Hang t h e  sca le  f rom a t r e e  branch o r  c e i l i n g  beam 
w i t h  a  p i ece  o f  rope. Make sure t h a t  t h e  sca le  i s  a t  eye l e v e l .  
Enumerator B should undress t h e  c h i l d  w i t h  t h e  mother ' s  help.  

Enumerator A: At tach  a p a i r  o f  empty weighing pants  t o  t h e  hook 
o f  t h e  s c a l e  and a d j u s t  t h e  sca le  t o  "zero," then remove f rom the  
sca le .  Small i n f a n t s  can be weighed i n  a  p iece  o f  t i e d  c l o t h .  

Enumerator A: Have Enumerator B h o l d  t h e  c h i l d .  Enumerator A pu t s  
h i s  arms through t h e  l e g  ho les  o f  t h e  pants  (arrow 1) and gras s  
t h e  c h i l d ' s  f e e t  t o  p u l l  them through t h e  l e g  ho les  (arrow 2 ! . 
Make c e r t a i n  t h a t  t h e  s t r a p  o f  t h e  pan ts  i s  i n  f r o n t  o f  t h e  c h i l d .  

Enumerator A: Hold t h e  c h i l d  and a t t a c h  t he  s t r a p  o f  t h e  pants  t o  
t h e  hook o f  t h e  sca le .  Do n o t  c a r r y  t he  c h i l d  by t h e  s t r a p  on ly .  
Gent l y  lower  t h e  c h i l d  and a l l o w  t h e  c h i l d  t o  hang f r e e l y  (arrow 
3) 

Enumerator A: Check t h e  c h i l d ' s  p o s i t i o n  by making sure t h e  c h i l d  
i s  hanging f r e e l y  and n o t  touch ing  any th ing .  Repeat any s teps as 
necessary. 

Enumerator A: Hold t h e  sca le  and once t h e  needle has stopped 
moving read t h e  weight  measurement s i l e n t l y  t o  t h e  neares t  0.1 
k i  1  ogram. Immediately r eco rd  t h e  measurement on t h e  ques t i onna i re  
t o  t h e  neares t  0.1 k i logram. Enumerator B should n o t  see t h e  
measurement. 

Enumerators A and B should switch positions. Enumerator B now 
reads the weight value out loud. I f  t h e  measurements d i f f e r  by 
more than  0.5 k i logram, they  should be repeated u n t i l  t h e  two 
va lues a r e  w i t h i n  0.5 k i l og ram o f  each o ther .  The f i n a l  two values 
should be recorded on t h e  ques t ionna i re .  





households. Since recumbent l eng th  i s  no t  exac t l y  equal t o  s tanding height ,  a  
conversion f a c t o r  needs t o  be app l ied  t o  t he  raw leng th  measurements t o  
approximate he igh t .  This  i s  discussed i n  d e t a i l  below under t he  sec t i on  on 
Conver t ing Length t o  Height.  For s i m p l i c i t y  sake, reference w i l l  be made 
throughout t h i s  manual t o  he igh t  even though the  ac tua l  measurement taken i s  
1  ength. 

The mother may be requ i red  t o  a s s i s t  more a c t i v e l y  i n  t ak ing  t h i s  
measurement t o  comfort  t h e  c h i l d  and t o  he lp  h o l d  i t  down on t h e  l eng th  board i f  
the  c h i l d  r e s i s t s .  I n f a n t s  younger than 3 months o f  age may be excluded from 
having t h e i r  l e n g t h  measurements taken because o f  t h e  d i f f i c u l t y  i n  s t ra igh ten ing  
ou t  t h e i r  small l egs  t o  ge t  an accurate reading. For s i m i l a r  reasons, some 
researchers even r a i s e  t h i s  age l i m i t  t o  6 months and on ly  measure l eng th  on 
c h i l d r e n  6 t o  59 months. The choice i s  up t o  t h e  organizers o f  t h e  survey. 

A standard design f o r  cons t ruc t i ng  a  c h i l d  l eng th  board i s  shown i n  F igure 
4. These boards can a l s o  be purchased ready-made (see Appendix A) ; however, the  
cos ts  may be h ighe r  than i f  the  boards are made l o c a l l y .  For l o c a l l y  made 
boards, i t  i s  important  t h a t  t h e  wood used does no t  warp w i t h  age, t h a t  t h e  tape 
measures are  easy t o  read and have t h e  cent imeter  number marked r i g h t  nex t  t o  t he  
l i n e  t o  ensure accuracy when reading t h e  measurement. The tape measures should 
be made o f  f i b e r g l a s s  and n o t  p l a s t i c  as the  l a t t e r  tends t o  s t re t ch .  The 
l eng th  board should be a t  l e a s t  120 cent imeters long. I n  add i t ion ,  t h e  l eng th  
boards should have hinges t o  a l l o w  them t o  be col lapsed i n  h a l f  f o r  ease o f  
ca r r y ing .  The hinges should be wide and broad enough so they do no t  bend under 
pressure. Also, t h e  screws used need t o  be long enough so t h a t  they cannot be 
p u l l e d  o u t  i f  t h e  hinges are  s t ra ined.  The l eng th  board should a l so  have an 
indented grooved t rack ,  about 1 cent imeter  deep by 1 cent imeter  wide, extending 
from the  head p lank down t o  t h e  f o o t  end o f  t he  board. A s l i d i n g  f o o t  p iece  t h a t  
has a  " t o o t h "  t h a t  snugly f i t s  i n t o  t h e  grooved t r a c k  can be f i r m l y  he ld  against  
t h e  bottom o f  t h e  c h i l d ' s  f e e t  i n  o rder  t o  read the  l eng th  measurement. 

Some c h i l d r e n  are very uneasy about having t h e i r  l eng th  measurements taken, 
and i n  such cases t h e  enumerators must he lp  t o  calm t h e  c h i l d  and reassure the  
mother. Parents are sometimes suspic ious t h a t  t he  c h i l d  i s  being measured f o r  
a  c o f f i n .  Dispel  1  i n g  these types o f  anx ie t i es  w i  11 he lp  ensure a  successful  
i n te rv iew .  This  w i l l  depend on the  enumerators thoroughly  exp la in ing  t h e  purpose 
o f  t he  measurements t o  reassure the  mother. I n  add i t ion ,  enumerators who are 
con f i den t  and take  measurements w i t h  se l  f-assurance and swi f tness  are more 1  i k e l y  
t o  be successful  i n  measuring d i s t ressed  ch i  1  dren. The procedure t o  take l eng th  
measurements i s  shown i n  F igures 5 and 6 .  

As descr ibed above i n  F igure  5, each enumerator should take independent 
readings o f  l eng th  measurement t o  t he  nearest t e n t h  o f  a  cent imeter .  The two 
readings should no t  d i f f e r  by more than 0.5 cent imeter .  I f  the  readings do 
d i f f e r  by more than t h i s  amount, t he  c h i l d ' s  l eng th  should be measured again t o  
determine t h e  c l o s e s t  p a i r  o f  l eng th  values, which should then both be recorded 
on t h e  ques t ionna i re .  La te r  dur ing  the  processing o f  t h e  data, t h e  average value 
o f  t h e  two l e n g t h  measurements w i l l  be used. 









4.  O R G A N I Z A T I O N  O F  T H E  SURVEY 

The making of a  successful  f i e l d  survey begins with ensuring t h a t  t he  
organizat ion of t h e  exe rc i se  i s  well-planned from the  s t a r t .  I f  not enough 
a t t e n t i  on i s  given t o  some bas ic  e s sen t i  a1 de ta i  1 s ,  problems a r e  i nevi tab1 e .  
P r i o r  t o  t h e  s t a r t  of any survey, an overal l  time schedule from s t a r t  t o  f i n i s h  
should be prepared in  addi t ion  t o  a  basic  check l i s t  of t h ings  t o  be done, 
sometimes we1 1 i n  advance of t h e  survey date .  Some of t h e  more important items 
i  ncl ude 

(1) obta in ing  enough of the  r i g h t  type of equipment 
(2)  hi r ing  enumerators and supervi so r s  
(3 )  t r a i  ni ng t h e  enumerators and supervisors  
(4 )  formatt ing t h e  questionnai r e  
(5) conducting t h e  p r e t e s t  
(6)  conduct i  ng pi 1 o t  exerci  ses  
( 7 )  making o the r  arrangements 

(a) arranging transport/accommodation of f i  el  d  s t a f f  
(b) obta in ing  clearance t o  conduct t he  survey 
(c)  no t i fy ing  local  leaders  about t h e  survey. 

EQUIPMENT 

The type of equipment required f o r  t h e  survey m u s t  be organized well ahead 
of t ime, e s p e c i a l l y  i f  i t  needs t o  be ordered from overseas,  which i s  of ten  t h e  
case  i n  developing coun t r i e s .  When overseas procurement of measuring equipment 
i s  necessary,  a t  l e a s t  s i x  months forward planning time i s  t y p i c a l l y  needed. 
Each team of enumerators wi 1 1  need a  c h i l d  weighing s c a l e ,  a  s e t  of weighing 
t r o u s e r s ,  a  rope w i t h  which t o  hang t h e  s c a l e ,  and a  c h i l d  length board. Basic 
supp l i e s  f o r  each enumerator, such a s  pens, penc i l s ,  e r a s e r s ,  c l ipboards,  
car ry ing  bags, paper c l i p s ,  and s t a t i o n e r y ,  a l s o  need t o  be included on t h e  
equipment l i s t .  

ENUMERATORS AND SUPERVISORS 

The qual i  t y  of t he  da ta  co l l  ected wi 11 very much depend on t h e  qual i t y  of 
t he  enumerators and supervisors  who a r e  employed, in  addi t ion  t o  t h e  t r a i n i n g  
given t o  them. Enumerators must be l i t e r a t e  and have a  bas ic  educational 
qual i  f i c a t i o n ,  preferably  a  secondary school c e r t i f i c a t e .  Universi ty graduates 
a r e  good a s  1 ong a s  they a r e  prepared t o  endure t h e  r i g o r s  of f i e l d  work. Ei ther  
men o r  women can be employed, unless  local  cu l tu ra l  taboos a f f e c t  t h e i r  a b i l i t y  
t o  conduct t h e  f i e l d  work. I f  a t  a l l  poss ib le ,  t r y  t o  h i r e  indiv iduals  who a re  
used t o  hard work and l o t s  of walking, and who have f i e l d  survey experience. 



The enumerat ion s t a f f  f r o m  n a t i o n a l  s t a t i s t i c a l  o f f i c e s  may be a  good 
cho ice ,  e s p e c i a l l y  i f  a  l u l l  i n  t h e i r  survey schedule a1 lows them t i m e  t o  conduct  
a  n u t r i t i o n  su rvey .  U t i  1  i z i  ng h e a l t h  s t a f f  has i t s  advantages and d i  sadvantages. 
The m a j o r  advantage i s  t h a t  h e a l t h  s t a f f  a r e  used t o  hand1 i n g  c h i l d r e n  and a s k i n g  
t e c h n i c a l  q u e s t i o n s .  However, r e l a t e d  t o  t h i s  i s  t h e  main d isadvantage o f  
r e t r a i n i n g  h e a l t h  s t a f f  i n  t a k i n g  w e i g h t  and l e n g t h  measurements i f  t h e y  have 
a l r e a d y  been d o i n g  t h e s e  i n  t h e i r  j o b s .  Problems i n  qua l  i t y  c o n t r o l  may a r i s e  
i f  t h e i r  t echn iques  a r e  n o t  up t o  t h e  qual  i t y  d e s c r i b e d  i n  t h e  p r e v i o u s  s e c t i o n .  
The o n l y  way t o  overcome t h i s  prob lem i s  t o  have a  v e r y  s t r i c t  and i n t e n s i v e  
t r a i n i n g  program t h a t  c o r r e c t s  any bad h a b i t s  t h a t  they  may have developed 
b e f o r e .  

The number o f  s u p e r v i s o r s  i s  a l s o  v e r y  i m p o r t a n t .  A genera l  r u l e  i s  t h a t  
t o  ensure good q u a l i t y  c o n t r o l  o f  t h e  f i e l d  work, about one s u p e r v i s o r  i s  needed 
f o r  eve ry  t h r e e  t o  f o u r  teams o f  enumerators.  

QUESTIONNAIRE 

B e f o r e  t h e  su rvey  can be launched, t h e  q u e s t i o n n a i r e  needs t o  be designed 
t o  c o l l e c t  t h e  i n f o r m a t i o n  r e q u i r e d .  The c o n t e n t  o f  t h e  q u e s t i o n n a i r e  i s  n o t  
covered i n  t h i s  paper  because t h i s  i s  h i g h l y  survey s p e c i f i c ;  however, some b a s i c  
t i p s  r e g a r d i n g  q u e s t i o n n a i r e  fo rmat  and l a y o u t  can be g i ven .  For  example, i t  i s  
h i g h l y  recommended t h a t  t h e  q u e s t i o n n a i r e s  have precoded answers f o r  each 
q u e s t i o n  s i n c e  t h i s  w i l l  save a  g r e a t  deal  o f  t i m e  when i t  comes t o  d a t a  e n t r y .  
It i s  a l s o  w i s e  t o  a v o i d  "open-ended" ques t ions ,  wh ich can be ex t reme ly  d i f f i c u l t  
t o  c a t e g o r i z e  a t  a  l a t e r  d a t e  as i t  i n v o l v e s  l a b o r i o u s  hand cod ing  when e n t e r i n g  
t h e  d a t a  i n t o  t h e  computer.  An example o f  a  c o n c i s e  and we l l -des igned  
q u e s t i o n n a i r e  w i t h  precoded answers, wh ich was used i n  Kenya's n a t i o n a l  n u t r i t i o n  
survey,  i s  shown i n  F i g u r e  7. 

F i g u r e  8 shows an example o f  a  "ba re  minimum" d a t a  c o l l e c t i o n  f o r m  f o r  a  
c h i l d  n u t r i t i o n  survey,  wh ich i n c l u d e s  a  s imp le  l a y o u t  f o r  r e c o r d i n g  d a t a  on each 
c h i l d ' s  sex, age, we igh t ,  and l e n g t h ,  as w e l l  as b a s i c  i d e n t i f i c a t i o n  numbers f o r  
t h e  v i l l a g e ,  f a m i l y ,  and c h i l d .  I d e n t i f i c a t i o n  i n f o r m a t i o n  i s  v e r y  i m p o r t a n t  as 
i t  h e l p s  t o  i d e n t i f y  wh ich c h i l d r e n  be long  t o  which f a m i l i e s  i n  d i f f e r e n t  
v i l l a g e s .  A l s o  i f  d a t a  a r e  c o l l e c t e d  on mothers, i t  i s  i m p o r t a n t  t h a t  t h e  
i d e n t i f i c a t i o n  system a l l o w s  mothers and t h e i r  c h i l d r e n  t o  be l i n k e d  f o r  d a t a  
a n a l y s i s .  T h i s  i s  p a r t i c u l a r l y  i m p o r t a n t  i n  polygamous households o r  extended 
f a m i l y  s i t u a t i o n s .  The b a s i c  fo rmat  shown i n  F i g u r e  8 can e a s i l y  be adapted t o  
any n u t r i t i o n  su rvey .  The use o f  boxes i s  a l s o  recommended. The boxes shou ld  
be l a r g e  enough t o  l e g i b l y  r e c o r d  age, we ight ,  and l e n g t h .  

The q u e s t i o n n a i r e  may need t o  be r e v i s e d  a f t e r  t h e  p r e t e s t  and p i l o t  
e x e r c i s e s  ( d e s c r i b e d  be1 ow) i f  some o f  t h e  ques t ions  pose problems. Arrangements 
w i l l  t h e n  need t o  be made f o r  p roduc ing  s u f f i c i e n t  cop ies  o f  t h e  q u e s t i o n n a i r e  
we1 1  i n  advance o f  t h e  f i e l d  su rvey .  It i s  u s u a l l y  p ruden t  t o  produce more 
c o p i e s  t h a n  needed so t h a t  t h e  r i s k  o f  r u n n i n g  o u t  o f  q u e s t i o n n a i r e s  d u r i n g  t h e  
f i e l d  survey i s  avo ided.  Depending on t h e  number o f  q u e s t i o n n a i r e s  r e q u i r e d ,  
photocopy ing,  o f f s e t  p r i n t i n g ,  o r  s t e n c i l s  c o u l d  be used. I f  t h e r e  a r e  many 







d i f f e r e n t  q u e s t i o n n a i r e  modules f o r  each household, i t  i s  u s e f u l  t o  c l i p  o r  t i e  
them t o g e t h e r  t o  p reven t  ques t i onna i r es  f rom g e t t i n g  o u t  o f  o r d e r  and misplaced. 
Co lo r  cod ing  d i f f e r e n t  modules o f  t h e  ques t i onna i r e  a1 so he lps  t o  keep t h e  survey 
papers i n  o rde r .  I t i s  a1 so prudent  t o  have on every  page o f  t h e  ques t i onna i r e  
a  p l ace  t o  r e c o r d  each household 's  i d e n t i f i c a t i o n  number, u s u a l l y  i n  an upper 
co rne r ,  i n  case t h e  papers become separated. 

THE PRETEST EXERCISE 

Before  any f i e l d  survey i s  launched, t h e  ques t i onna i r e  and p ro toco l  
procedures need t o  be pretested by t h e  o rgan ize rs  o f  t h e  survey i n  a  f i e l d  
s i t u a t i o n  t o  e l i m i n a t e  any amb igu i t i e s  i n  t h e  way c e r t a i n  ques t ions  a re  posed o r  
i n  t h e  way t h e  da ta  a re  supposed t o  be c o l l e c t e d .  It i s  s u r p r i s i n g  how t h e  most 
obv ious ques t i on  may indeed n o t  be as obvious t o  t h e  respondent and i ns tead  may 
cause a  g r e a t  degree o f  confus ion.  These types  o f  problems can o n l y  be 
i d e n t i f i e d  d u r i n g  p r e t e s t  exe rc i ses .  It i s  b e t t e r  t o  d i scove r  these problems 
we1 1  b e f o r e  t h e  supe rv i so r s  and enumerators a r e  t r a i n e d  so t h a t  c o r r e c t i o n s  and 
amendments t o  t h e  ques t i onna i r e  and p r o t o c o l  can be made i f  necessary. 

TRAINING 

The q u a l i t y  o f  t h e  t r a i n i n g  o f  t h e  enumerators and superv iso rs  cannot be 
emphasized enough because o f  i t s  paramount importance i n  ensur ing  t h a t  accurate  
measurements a re  taken and t h a t  t h e  ques t ionna i res  a re  completed a t  a  h i gh  l e v e l  
o f  accuracy.  I t  i s  e s s e n t i a l  t o  schedule adequate t i m e  f o r  t r a i n i n g  t h e  
supe rv i so r s  and enumerators i n  t h e  techniques o f  measuring ch i l d ren ,  as w e l l  as 
i n  a d m i n i s t e r i n g  o t h e r  aspects  o f  t h e  ques t ionna i re .  The supe rv i so r s  should  be 
t r a i n e d  f i r s t  so t h a t  t hey  can a s s i s t  i n  t h e  t r a i n i n g  o f  t h e  f i e l d  enumerators. 
Be fo re  t h e  beg inn ing  o f  t h e  t r a i n i n g  session, each enumerator and superv i  so r  
should  be s u p p l i e d  w i t h  a  f i e l d  manual prepared by t h e  survey o rgan ize rs  t h a t  
con ta i ns  t h e  f o l l o w i n g :  

(1) concepts o f  n u t r i t i o n a l  s t a t u s  
(2) purpose o f  survey 
(3) procedures f o r  measuring c h i l d r e n  (use F igures  2, 3, 5, and 6 above) 
(4) gu ide1 i n e s  f o r  a d m i n i s t e r i n g  t h e  ques t ionna i re .  

A t  l e a s t  h a l f  a  day i s  needed t o  i n t r oduce  t h e  concept o f  a  n u t r i t i o n  
survey, i n c l  u d i  ng t h e  bas i cs  o f  anthropometry . Fol  1  owing t h i  s, t h e  superv i  so rs  
and enumerators shou ld  spend about two days p r a c t i c i n g  measuring as many c h i l d r e n  
as p o s s i b l e .  Th i s  can t ake  p l ace  a t  a  preschool  where a  l a r g e  number o f  c h i l d r e n  
a re  a v a i l a b l e .  Another e n t i  r e  day w i  11 be needed (depending on t h e  l e n g t h  o f  t h e  
ques t i onna i r e )  f o r  t r a i  n i  ng t h e  enumerators and superv i  so rs  on how t o  phrase 
quest ions,  code answers, and e n t e r  t h e  data.  A f t e r  these i n i t i a l  f o u r  days, bo th  
enumerators and supe rv i so r s  should  spend one o r  two days under tak ing  a  p i l o t  
exerc ise ,  which i s  d iscussed below, t o  s imu la te  t h e  ac tua l  survey i n  t h e  f i e l d .  



During the training exercise, i t  i s  also useful t o  determine the accuracy 
and precision of the enumerators' weight and height measurements. This can be 
done by having the enumerators take repeat measurements on a sample of 10 or so 
children. These values can be s t a t i s t i c a l l y  compared t o  the values obtained from 
a senior and experienced supervisor who i s  considered to  be the most accurate and 
precise measurer. By comparing the differences in the values obtained by the 
enumerators and the senior supervisor, the enumerators who are having 
d i f f i cu l t i e s  in taking measurements can be identified along with the type of 
problem, whether i t  i s  just  carelessness or a consistent under- or over-reading. 
These enumerators should receive extra training unti 1 thei r accuracy and 
precision are within an acceptable range. A common standardization protocol i s  
given in Appendix B. 

THE P ILOT EXERCISE 

A pilot exercise should be conducted immediately a f t e r  the training session. 
The p i lo t  exercise provides the opportunity for the enumerators and supervisors 
t o  practice the final version of the questionnaire before the survey i s  launched, 
and i t  may he1 p t o  identify problems with the questionnaire that  previously went 
undetected. I t  does not need to  be a big and complicated a f fa i r ;  one or two days 
of f ie ld  work in areas that  will n o t  be covered l a t e r  by the f ie ld  survey should 
be suff ic ient .  Useful information, such as the average length of time t o  conduct 
the interviews, can be gleaned from the pi lo t  exercise. This type of information 
could be used in finalizing the f ie ld work schedule, especially in determining 
the number of daily interviews that  can be conducted by the enumeration team. 

OTHER ARRANGEMENTS 

The proper types and numbers of vehicles also need to  be arranged. If the 
survey i s  t o  take place in rugged rural areas, then four-wheel drive vehicles are 
necessary, preferably with a long wheel base i f  the distances are far .  Each 
supervisor should have ful l  -time access to  a car,  truck, or motorcycle t o  ensure 
adequate f i e ld  v i s i t s  and supervision. Enumerators can a1 so be provided with 
motorcycles or bicycles to  help them cover 1 ong distances. Pub1 i c  transport may 
be available and, so, a transport allowance needs t o  be advanced to the f ie ld  
s ta f f  to  cover these costs.  Field s taff  are often able t o  make their  own 
arrangements for  accommodation in local guest houses or hotels. In more remote 
areas the organizers of the survey may need t o  contact local health f a c i l i t i e s  
to  arrange accommodation, or alternatively,  tents and camping equipment can be 
supplied for  travel t o  very remote areas. 

Another important aspect of conducting a f ie ld  survey i s  that  in most 
countries, off ic i  a1 clearance from the appropriate authorit ies i s  necessary 
before embarking on data collection. I t  i s  n o t  wise t o  underestimate the 
importance of compl e t i  ng the necessary government protocol procedures. I n  
addition, i t  i s  important that  the organizers of the survey also notify the local 
authori t ies ,  whether th i s  be the d i s t r i c t  commissioner or vi 1 lage headman, that 
a survey will be conducted in the i r  area. Local authorit ies need t o  understand 



the purpose of the nu t r i t ion  survey and the r e su l t s  i t  will produce in order t o  
be able t o  encourage the  res idents  of t h e i r  areas t o  cooperate w i t h  the 
enumerators. Later a f t e r  the data has been analyzed, i t  is  courteous t o  give a 
summary report  of the  findings t o  them as t h i s  may st imulate t h e i r  i n t e r e s t  in 
child nu t r i t ion  issues  and help guide t h e i r  own development and planning 
a c t i v i t i e s .  



5.  DATA COLLECTION AND Q U A L I T Y  CONTROL 

Supervisors should be responsible f o r  maintaining a high degree of qual i t y  
in  the  da ta  col lec ted  by t h e i r  enumerators, especia l ly  in checking each 
quest ionnaire f o r  completeness, accuracy, and neatness. The supervisors  should 
be in f i e l d  contact  with t h e i r  enumerators a t  l e a s t  every two o r  three  days o r  
preferably more. Of course, i t  i s  e a s i e r  t o  supervise a smaller  cross-sect ional  
survey than a l a rge  longitudinal  survey, which would require a ca re fu l ly  designed 
supervisory and qual i t y  control schedule. 

Supervisors should check the  accuracy of the  equipment during every f i e l d  
v i s i t  t o  t h e i r  enumerators in  order  t o  ensure t h a t  the  sca les  and length boards 
a r e  in  good working order .  Standard reference weights of 5 and 10 kilograms can 
be used t o  check the  accuracy of the  sca les ,  especia l ly  a t  the  higher ranges 
above 15 kilograms. 

I n  addi t ion ,  i t  i s  a l so  suggested t h a t  when supervisors make t h e i r  f i e l d  
v i s i t s  t o  the  enumerators, they should a lso  take measurements on a small number 
of chi ldren .  This information i s  useful in determining the  accuracy of the  
anthropometric measurements f o r  each enumerator. 

As wi l l  be discussed below in the  sect ion on data processing, unusually high 
o r  low values f o r  weight and height need t o  be double-checked by the  f i e l d  
supervisor ,  preferably through a v i s i t  t o  the  household with the  enumeration 
team, in  order  t o  remeasure the  chi ld  in question. This i s  one reason why i t  i s  
important t h a t  the  supervisors  a re  well acquainted with the  data t h e i r  
enumerators a r e  co l l ec t ing .  I t  i s  much e a s i e r  t o  r e c t i f y  a mistake when the  
quest ionnaire i s  s t i l l  i n  the  f i e l d  o f f i c e ,  r a the r  than a f t e r  i t  has been 
forwarded t o  the  cent ra l  survey o f f i c e  f o r  data processing. 

Qua1 i t y  control cannot be overemphasized. One e f f e c t  of maintaining 
s t r i n g e n t  qua l i ty  control measures i s  t h a t  i t  i n s t i l l s  2 careful a t t i t u d e  on the  
pa r t  of the  enumerators (Martorel 1 1982). If the  enumerators r e a l i z e  t h a t  each 
and every quest ionnaire wil l  be careful ly  checked by the  supervisors ,  they wil l  
probably take  more pride in ensuring t h a t  t h e i r  data a r e  col lec ted  accurately and 
recorded 1 egi bl y . 



6.  DATA PROCESSING AND ANALYSIS 

ORGANIZATION OF DATA PROCESSING 

Once t h e  enumerators have completed t h e  ques t ionna i res  and tu rned  them over  
t o  t h e  supe rv i so r s ,  t h e  supe rv i so r s  should check every  one f o r  completeness and 
accuracy and ensure t h a t  a l l  answers have been en te red  c o r r e c t l y  and 
unambiguously. The superv iso rs  should keep a  complete l i s t  o f  which forms have 
been completed and t u rned  i n  by t h e  enumerators so t h a t  t h e  submission o f  forms 
f o r  da ta  p rocess ing  can proceed i n  an o r d e r l y  and organized fash ion .  Even a f t e r  
a l l  t h e  forms have been processed, i t  i s  impo r tan t  t o  keep t h e  o r i g i n a l  
ques t i onna i r es  i n  a  sa fe  p l a c e  f o r  l a t e r  re ference,  i f  necessary, t o  v e r i f y  
suspect data.  

THE I N T E R N A T I O N A L  C H I L D  GROWTH REFERENCE STANDARDS 

An impo r tan t  f i r s t  s t e p  i n  da ta  process ing,  which i s  necessary be fo re  any 
da ta  a n a l y s i s  can be undertaken, i s  conve r t i ng  t h e  raw weight  and l eng th  
measurements t o  t h e  t h r e e  i n d i c a t o r s  o f  we igh t - f o r - he igh t ,  he igh t - fo r -age ,  and 
we igh t - fo r -age .  Th i s  i n v o l v e s  a  comparison t o  a  s e t  o f  pub l i shed  t a b l e s  
c o n t a i n i n g  t h e  i n t e r n a t i o n a l  NCHSIWHO c h i  1  d  growth r e fe rence  standards, which a re  
based on a  p o p u l a t i o n  o f  we1 1  -nour ished Nor th  American c h i  1  dren .' The NCHSIWHO 
re fe rence  t a b l e s  c o n t a i n  da ta  on t h e  d i s t r i b u t i o n  o f  weight  and h e i g h t  values, 
i n c l u d i n g  t h e  median and a se l ec ted  range o f  s tandard dev ia t i ons ,  by d i f f e r e n t  
sex and age groups o f  t h e  r e fe rence  p ~ p u l a t i o n . ~  The r e l e v a n t  p a r t s  o f  these 
t a b l e s  have been reproduced i n  Appendix 3 f o r  bo th  boys and g i r l s  f rom b i r t h  t o  
59 months. A more complete s e t  o f  r e f e rence  t a b l e s  on c h i l d r e n  and you th  up t o  
t h e  age o f  18 years  may be found i n  WHO (1983). 

NCHS stands f o r  Na t i ona l  Center f o r  Hea l t h  S t a t i s t i c s .  

I n  t h e  NCHSIWHO re fe rence  popu la t ion ,  t h e  d i s t r i b u t i o n  o f  he i gh t - f o r - age  i s  
approx imate ly  normal (Gaussian), whereas t h e  d i s t r i b u t i o n  o f  we igh t - f o r - he igh t  
and we igh t - fo r -age  i s  somewhat skewed toward h i ghe r  va lues because o f  obese 
c h i l d r e n  i n  t h e  r e fe rence  popu la t ion .  Therefore,  i n  c o n s t r u c t i n g  t h e  NCHSIWHO 
re fe rence  tab1  es f o r  wei g h t - f o r - h e i  gh t  and weight - for -age,  t h e  popu la t i on  was 
d i v i d e d  a t  t h e  median i n t o  two ha lves and s tandard d e v i a t i o n s  c a l c u l a t e d  
sepa ra te l y  f o r  t h e  lower  and upper ha lves.  Th i s  was done by f i t t i n g  emp i r i ca l  
c e n t i  l e s  o f  each h a l f  d i s t r i b u t i o n  w i t h  h a l f  a  Gaussian curve. Since h e i g h t - f o r -  
age i s  no rma l l y  d i s t r i b u t e d ,  s tandard d e v i a t i o n s  were c a l c u l a t e d  i n  t h e  normal 
f ash ion  (Waterlow e t  a l .  1977).  



Even though t h e  NCHSIWHO re fe rence  standards a re  based on a  we l l -nour i shed  
p o p u l a t i o n  o f  Nor th  American c h i l d r e n ,  t h e i r  re levance f o r  t h e  assessment o f  t h e  
n u t r i t i o n a l  s t a t u s  o f  c h i  1  dren i n  deve lop ing  c o u n t r i e s  has been shown. Research 
s t u d i e s  conducted i n  deve lop ing  c o u n t r i e s  have shown t h a t  up t o  about t h e  age o f  
10 years,  we1 1  -nour ished and heal  t h y  c h i  l d r e n  f rom d i f f e r e n t  e t h n i c  groups3 
d i s p l a y  s i m i l a r  we igh t  and h e i g h t  growth p a t t e r n s  as t h e  NCHS/WHO re fe rence  
p o p u l a t i o n  (Habicht  e t  a1 . 1974; Alnwick 1980; Stephenson e t  a1 , 1983; Ma r to re l  1  
and Hab ich t  1986). However, i n  these s tud ies  ch i 1  dren f rom t h e  same e t h n i c  group 
b u t  i n  a  lower  socioeconomic c l a s s  show s i g n i f i c a n t  d e f i c i t s  i n  a t t a i n e d  he igh t ,  
r e f l e c t i n g  n u t r i t i o n a l  s t un t i ng ,  as compared t o  t h e  NCHSIWHO re fe rence  
popu la t i on .  

N u t r i t i o n a l  s t u n t i n g  i s  h i g h l y  p r e v a l e n t  i n  c h i l d r e n  o f  poore r  f a m i l i e s  and 
i s  t h e  cumu la t i ve  r e s u l t  o f  socioeconomic and environmental  determinants,  n o t  
e t h n i c  f a c t o r s .  The environment w i t h i n  which poor  c h i  1  dren 1  i v e  i s  cha rac te r i zed  
'by t o o  l i t t l e  food  i n  combinat ion w i t h  h i g h  r a t e s  o f  d isease. These two f a c t o r s  
a re  t h e  main determinants  o f  c h i l d  n u t r i t i o n a l  s t a t u s .  Therefore,  based on 
c u r r e n t  s c i e n t i  f i c  evidence, comparison o f  t h e  NCHSIWHO re fe rence  popu la t i on  
s tandards i s  accepted t o  be t h e  most v a l i d  method o f  assess ing t h e  l e v e l s  o f  
growth r e t a r d a t i o n  i n  young c h i  1  dren f rom develop ing c o u n t r i e s .  Even though 
e t h n i c  d i f f e r e n c e s  a r e  m inor  p r i o r  t o  puber ty ,  i t  i s  a t  t h i s  s tage t h a t  major  
d i f f e r e n t i a t i o n  between e t h n i c  groups takes  p l ace  and as a  r e s u l t  WHO (1983) 
recommends a g a i n s t  u s i n g  NCHSIWHO standards t o  eva lua te  n u t r i t i o n a l  s t a t u s  o f  
c h i  1  dren o l d e r  t han  t e n  years  (Mart.orel1 and Habicht  1986). 

It should  a1 so be no ted  t h a t  t h e  NCHSIWHO re fe rence  popu la t i on  i s  comprised 
o f  two groups o f  we1 1  -nour ished Nor th  American c h i  1  dren. The f i r s t  group o f  
c h i l d r e n ,  0  t o  36 months o f  age, comes f rom t h e  Fe l s  Research I n s t i t u t e  i n  Ohio, 
and t h e  second group o f  c h i l d r e n ,  f rom 2  years  onward, comes f rom n a t i o n a l  
samples surveyed by t h e  NCHS. I n  a d d i t i o n ,  recumbent body l e n g t h  was used f o r  
t h e  younger c h i l d r e n  i n  t h e  Fe l  s  sample, whereas s tand ing  h e i g h t  was used f o r  t h e  
c h i l d r e n  i n  t h e  NCHS sample. I n  o r d e r  t o  s i m p l i f y  t h e  use o f  t he  NCHSIWHO 
t a b l e s ,  i t  i s  recommended t h a t  t h e  Fe l  s  growth va lues be used f o r  c h i l d r e n  0  t o  
23 months o f  age, i n c l u s i v e ,  and t h e  NCHS growth va lues be used f o r  c h i l d r e n  24 
t o  59 months o f  age, i n c l  u s i  ve (see Appendix C) . 

CONVERTING LENGTH TO HEIGHT 

The measurement o f  a  c h i l d ' s  recumbent l e n g t h  i s  g r e a t e r  than  t h e  
measurement o f  t h e  s t and ing  h e i g h t  because o f  t h e  e f f e c t s  o f  g r a v i t y .  Since 
l e n g t h  r a t h e r  than  h e i g h t  has been recommended here as t he  p r e f e r r e d  measurement 
i n  f i e l d  surveys, a  c o r r e c t i o n  f a c t o r  needs t o  be a p p l i e d  d u r i n g  t h e  data 
p rocess ing  s tage  t o  conver t  t h e  l e n g t h  measurements o f  c h i l d r e n  24 t o  59 months 
i n t o  h e i g h t  va lues i n  o rde r  t o  compare them t o  t h e  NCHS/WHO re fe rence  standards 

Far  Eas te rn  c h i l d r e n  ( f o r  example, f rom Japan, China, and Korea) may be an 
except ion;  however, even t h e  d i f f e r e n c e  between t h e i r  growth p a t t e r n  and t h e  
NCHSIWHO re fe rence  popu la t i on  i s  s t i  11 n o t  l a r g e  (Mar to re i  1  and Habicht  1986). 



f o r  h e i g h t .  The r u l e  o f  thumb i s  t h a t  1.5 cen t imete rs  should  be sub t rac ted  f rom 
t h e  l e n g t h  measurements o f  c h i l d r e n  24 t o  59 months t o  approximate s tand ing  
h e i g h t  (D ib l ey  e t  a1 . 1987). For  t h e  sake o f  s i m p l i c i t y ,  t h e  terms l e n g t h  and 
h e i g h t  a re  used in te rchangeab ly  i n  t h e  d i scuss ion  be1 ow. 

CALCULATING INDICATORS OF NUTRITIONAL STATUS 

Two methods a re  commonly used i n  deve lop ing  c o u n t r i e s  t o  r e l a t e  t h e  
measurements o f  weight  and h e i g h t  t o  t h e  NCHSIWHO re fe rence  popu la t i on .  The 
f i r s t  i s  known as t h e  percentage of median method and t h e  second as t h e  Z-score 
method. The Z-score method i s  t h e  approach p r e f e r r e d  by i n t e r n a t i o n a l  c h i l d  
growth expe r t s  f o r  s t a t i s t i c a l  reasons, which a re  exp la i ned  below. 

Percentage o f  Median 

I n  t h e  percentage o f  median method, t h e  weight  o r  h e i g h t  va lue  o f  a  c h i l d  
i s  expressed as a  percentage o f  t h e  median weight  o r  h e i g h t  va lue  i n  t h e  NCHSIWHO 
re fe rence  p o p u l a t i o n  f o r  a  c h i l d  o f  t h e  same age and sex. For  example, i f  a  42- 
month-o ld  boy i s  found t o  have a  weight  measurement o f  14.2 k i lograms,  t h i s  would 
be expressed as a  percentage o f  t h e  median weight  va lue  o f  15.7 k i lograms,  which 
i s  g i ven  f o r  boys t h e  same age i n  t h e  NCHSIWHO re fe rence  popu la t i on .  Thus, t h e  
percentage o f  median wei gh t - fo r -age  v a l  ue f o r  t h i s  42-month-01 d  boy would be 
c a l c u l a t e d  as f o l l o w s :  

(14.2 k i l og rams l l 5 . 7  k i lograms)  * 100 = 90 percen t .  

I n  o t h e r  words, t h i s  c h i l d  has a  we igh t - fo r -age  va lue  o f  90 percen t  o f  t h e  median 
we igh t  va l ue  f o r  t h e  NCHSIWHO re fe rence  boy o f  t h e  same age. The c a l c u l a t i o n  o f  
he i gh t - f o r - age  as a  percentage o f  median i s  s i m i l a r .  Wi th  regard  t o  t h e  
c a l c u l a t i o n  o f  we igh t - f o r - he igh t ,  t h e  weight  va lue  o f  a  c h i l d  would be compared 
t o  t h e  median we igh t  va lue  o f  a  r e fe rence  c h i l d  o f  t h e  same he igh t .  

The percentage o f  median method has se r i ous  1  i m i t a t i o n s ,  however, which a re  
r e l a t e d  t o  problems assoc ia ted  w i t h  t h e  n u t r i t i o n a l  i n t e r p r e t a t i o n  o f  percentage 
o f  median va lues a t  d i f f e r e n t  ages, as w e l l  as across t h e  d i f f e r e n t  i n d i c a t o r s  
o f  wei g h t - f o r - h e i  gh t ,  he igh t - fo r -age ,  and wei gh t - fo r -age  (Mar to re l  1  1982). One 
problem i s  t h a t  t h e  va lue  o f  percentage o f  median does n o t  have a  cons tan t  
meaning ove r  d i f f e r e n t  age groups. For  example, 95 percen t  o f  t h e  median he igh t -  
fo r -age  i s  ve r y  d i f f e r e n t  a t  t h e  age o f  12 and 48 months. A t  12 months, 95 
pe rcen t  o f  median he igh t - f o r - age  represen ts  t h e  8 t h  p e r c e n t i l e  o f  t h e  re fe rence  
popu la t i on ,  whereas a t  48 months i t  represen ts  t h e  12 th  p e r c e n t i l e  (Waterlow e t  
a l .  1977). 

A l a r g e r  problem i s  t h a t  percentage o f  median va lues does n o t  have t h e  same 
n u t r i t i o n a l  meaning across t h e  t h r e e  i n d i c a t o r s  of weight-for-height, h e i g h t - f o r -  
age, and we igh t - fo r -age .  For  example, 90 percen t  o f  t h e  median corresponds t o  
t h e  13 th  p e r c e n t i l e  f o r  w e i g h t - f o r - l e n g t h  a t  95 cent imeters ,  bu t  t o  l e s s  than 1 
p e r c e n t i l e  f o r  l eng th - f o r -age  a t  36 months, which i s  about t h e  age when g i r l s  



achieve t h e  median l e n g t h  o f  96 cen t imete rs  ( M a r t o r e l l  1982). On t h e  o t h e r  hand, 
i n  develop ing c o u n t r i e s  t h e  percentage o f  median approach has been used f o r  many 
years  by h e a l t h  workers f o r  assessing n u t r i t i o n a l  s t a t u s .  As a  r e s u l t ,  these 
p r o f e s s i o n a l s  appear t o  be more f a m i l i a r  w i t h  i t  than  w i t h  t h e  Z-score method, 
which i s  d iscussed below. 

The o t h e r  method o f  c a l c u l a t i n g  n u t r i t i o n a l  i n d i c a t o r s  i n v o l v e s  c a l c u l a t i n g  
s tandard d e v i a t i o n  scores, commonly r e f e r r e d  t o  as Z-scores, which r e l a t e  t h e  
r e l a t i v e  p o s i t i o n  o f  each c h i l d ' s  weight  and he igh t  va lue  t o  the  d i s t r i b u t i o n  o f  
t h e  weight  and h e i g h t  va lues o f  t h e  NCHSIWHO re fe rence  popu la t i on .  Exper ts  i n  
c h i l d  growth h i g h l y  recommend t h e  use o f  Z-scores over  percentage o f  t h e  median 
because Z-scores p r o v i  de a  b e t t e r  s t a t i  s t i  ca l  assessment o f  n u t r i t i o n a l  s ta tus ,  
which remains s t a b l e  over  d i f f e r e n t  age groups as w e l l  as across t h e  d i f f e r e n t  
i n d i c a t o r s  o f  wei gh t - f o r -he igh t ,  he ight - for -age,  and weight - for -age (Water1 ow e t  
a l .  1977; M a r t o r e l l  1982). 

The general  fo rmu la  f o r  c a l c u l a t i n g  Z-scores i s  s t r a i g h t f o r w a r d  and i s  
s i m i l a r  t o  t h e  concept o f  a  normal cumulat ive frequency d i s t r i b u t i o n ,  which i s  
t augh t  i n  a l l  f i r s t  year  s t a t i s t i c s  courses. The f i r s t  s tep  i n v o l v e s  c a l c u l a t i n g  
t h e  d i f f e r e n c e  between t h e  c h i  1  d ' s  ac tua l  weight  o r  he igh t  measurement and t h e  
median we igh t  o r  h e i g h t  va lue i n  t h e  NCHSIWHO re fe rence  popu la t i on  ( f o r  t h e  
re fe rence  c h i l d  o f  t h e  same age and sex, and i n  t he  case o f  we igh t - f o r -he igh t  t h e  
same h e i g h t ) .  The Z-score i s  then determined by d i v i d i n g  t h i s  d i f f e r e n c e  by t h e  
absolute value o f  t h e  s tandard d e v i a t i o n  of t h e  NCHSIWHO re fe rence  popu la t ion .  
However, i n  t h e  case o f  we igh t - f o r -he igh t  and weight - for -age,  because the  
d i s t r i b u t i o n  i n  t h e  NCHSIWHO re fe rence  popu la t i on  i s  skewed, i t  i s  impor tan t  t o  
no te  t h a t  depending on t h e  magnitude o f  t he  c h i l d ' s  measurement, t h e  s tandard 
d e v i a t i o n  can be c a l c u l a t e d  e i t h e r  above o r  below the  median va lue  o f  t h e  
NCHSIWHO re fe rence  popu la t i on .  I f  t h e  c h i l d ' s  measurement i s  l e s s  than the  
median v a l  ue o f  t h e  NCHSIWHO re fe rence  popu la t ion ,  t h e  s tandard d e v i a t i o n  i s  
c a l c u l a t e d  below t h e  median (Example 1 ) .  I f  a  c h i l d ' s  measurement i s  g rea te r  
than t h e  median va lue  o f  t h e  NCHSIWHO re fe rence  popu la t ion ,  t h e  Standard 
D e v i a t i o n  i s  c a l c u l a t e d  above t h e  median (Example 3 ) .  I n  t h e  case o f  h e i g h t - f o r -  
age (Example 2) , s ince  i t s  d i s t r i b u t i o n  i n  t h e  NCHSIWHO re fe rence  popu la t i on  i s  
normal, t h e  s tandard d e v i a t i o n  i s  t h e  same above and below the  median. 

Example 1 - Calculating WH Z-score: 

Actua l  weight  - Median weight o f  re fe rence  
o f  c h i l d  c h i l d  (same he igh t ,  age, sex) 

WH Z-score = 
Absolute va lue o f  s tandard d e v i a t i o n  (S .D.) 



Sample c h i l d :  * age: 54 months 
* sex: male 
* 1 ength (measured) : 99.0 cm * h e i g h t  ( ca l cu l a ted )  : 97.5 cm 
* re fe rence  weight  ( f rom t a b l e )  f o r  c h i l d  hav ing  

h e i g h t  o f  97.5 cm: 15.1 kg 
* c a l c u l a t e  abso lu te  va lue  o f  t h e  s tandard d e v i a t i o n  

below t h e  median s i nce  boy ' s  we igh t  i s  below t h e  
median weight  o f  r e f e rence  boy hav ing  a  h e i g h t  o f  
97.5: 

e.g. -> S.D. = 15.1 - 13.8 = 11.3 kg  I 

Thus: 

Example 2 - Calculating HA Z-score: 

Actua l  h e i g h t  - Median h e i g h t  o f  r e f e rence  
o f  c h i  1  d  c h i l d  (same age, sex) 

HA Z-score = 
Abso lu te  va lue  o f  s tandard d e v i a t i o n  (S.D.) 

Sample c h i  1  d: * age: 24 months 
* sex: male * l e n g t h  (measured) : 79.1 cm * h e i g h t  ( ca l cu l a ted )  : 77.6 cm * re fe rence  h e i g h t  ( f rom t a b l e )  : 85.6 cm 
* c a l c u l a t e  abso lu te  va lue o f  t h e  s tandard d e v i a t i o n  

below median, i t  does n o t  m a t t e r  s i n c e  NCHSIWHO 
re fe rence  d i s t r i b u t i o n  o f  HA i s  normal : 

e.g. -> S.D. = 85.6 - 82.4 = 13.2 cm I 

Thus : 
77.6 - 85.6 

HA Z-score = 
3.2 



Example 3 - C a l c u l a t i n g  WA Z-score: 

Actua l  we igh t  - Median we igh t  o f  r e f e rence  
o f  c h i l d  c h i l d  (same age, sex) 

WA Z-score = 
Abso lu te  va lue  o f  s tandard d e v i a t i o n  (S .D . )  

Sample c h i l d :  * age: 54 months 
* sex : f ema le  
* weight :  17.2 kg 

* re fe rence  weight  ( f rom t a b l e )  : 16.8 kg 

* c a l c u l a t e  abso lu te  va lue  o f  t h e  s tandard d e v i a t i o n  
above t h e  median s i nce  g i r l ' s  weight  i s  g r e a t e r  than  
median va lue  o f  r e f e rence  g i r l  t h e  same age: 

e.g. -> S.D. = 16.8 - 19.4 = ( -2 .6 kg I 

Thus : 

The normal range o f  growth i s  cons idered t o  be between p l u s  and minus two 
Z-scores, which covers  c l o s e  t o  95 percen t  o f  t h e  NCHSIWHO re fe rence  popul a t i  on. 
As ment ioned e a r l i e r ,  t h e  use o f  Z-scores i s  h i g h l y  recommended because o f  t h e i r  
s t a t i s t i c a l  r e1  evance and because they  overcome t h e  troublesome problems 
assoc ia ted  w i t h  t h e  percentage o f  median approach. 

CLASSIF ICAT ION OF NUTRITIONAL STATUS: WASTING, STUNTING, AND UNDERWEIGHT 

A f t e r  t h e  i n d i c a t o r s  o f  we igh t - f o r - he igh t ,  he igh t - fo r -age ,  and we igh t - f o r -  
age have been ca l cu l a ted ,  e i t h e r  by t h e  percentage o f  median approach o r  by t h e  
Z-score approach, c e r t a i n  c u t o f f  c r i t e r i a  a re  used t o  c l a s s i f y  n u t r i t i o n a l  
s t a tus .  C l a s s i f i c a t i o n  systems commonly used i n  deve lop ing  c o u n t r i e s  a re  
summari zed be1 ow: 

Percentage o f  Median (adapted f rom G r i  f f i  t h s  1985) : 

Wei g h t - f o r - h e i g h t  : above 85 percen t  adequate 
85 t o  80 percen t  moderate ma1 n u t r i t i o n  
below 80 percen t  wasted 



90 percen t  o r  more adequate 
below 90 percent  s t un ted  

91  t o  110 percen t  normal 
8 1  t o  90 percen t  m i l d  underweight 
61 t o  80 percen t  moderate underweight 
60 percent  o r  l e s s  severe underweight 

A l l  t h r e e  i n d i c a t o r s :  above -1.00 S.D. normal 
-1.00 t o  -1.99 S.D. m i l d  m a l n u t r i t i o n  
-2.00 t o  -2.99 S.D. moderate m a l n u t r i t i o n  
-3.00 S.D. and below severe m a l n u t r i t i o n  

R A P I D  F I E L D  CALCULATIONS 

Very o f t e n  p r e l i m i n a r y  r e s u l t s  o f  a  survey a re  needed immediately,  and t h e  
computer a n a l y s i s  may t ake  t o o  long.  I f  t h e  r e s u l t s  a r e  needed u r g e n t l y ,  then  
c e r t a i n  s h o r t c u t  methods can be used t o  a l l o w  t h e  c a l c u l a t i o n  o f  t h e  m a l n u t r i t i o n  
p reva lence  f i g u r e s  w h i l e  t h e  f i e l d  survey i s  s t i l l  ongoing. 

The supe rv i so r s  can e a s i l y  do t h i s  by making 1 i s t s  o f  each c h i l d ' s  sex, age, 
weight ,  and h e i g h t  data,  which they  can compi le  r e g u l a r l y  as t hey  r o u t i n e l y  check 
t h e  accuracy and completeness o f  each o f  t h e i  r enumerator 's  ques t ionna i res .  An 
example o f  a  fo rmat  f o r  t h i s  t ype  o f  data l i s t  i s  shown below i n  F igure  9. The 
we igh t  and l e n g t h  va lues en te red  f o r  each c h i l d  on t h e  1 i s t  can then  be compared 
t o  lookup t ab les ,  such as t h e  ones shown i n  Appendix D. By comparing each 
c h i l d ' s  measurements t o  t h e  va lues f o r  t h e  r e fe rence  popu la t i on  i n  t h e  lookup 
t ab les ,  a  qu i ck  t a l l y  can be done on t h e  numbers o f  c h i l d r e n  f a l l i n g  below t h e  
d i f f e r e n t  Z-score c u t o f f  l e v e l s .  The lookup t a b l e s  g iven  i n  Appendix D cou ld  be 
simp1 i f i e d  f u r t h e r  by o n l y  hav ing t h e  column f o r  t h e  Z-score c u t o f f  o f  below 
-2.00. I f  t h i s  q u i c k  t a l l y  method i s  f o l l owed  d u r i n g  t h e  f i e l d  work, by t h e  t ime  
t h e  survey i s  complete i t  w i l l  be p o s s i b l e  t o  have p r e l i m i n a r y  m a l n u t r i t i o n  
f i g u r e s  by hand c a l c u l a t i n g  t h e  numbers o f  c h i l d r e n  f a l l i n g  i n t o  each Z-score 
c u t o f f  ca tegory  as a  p r o p o r t i o n  o f  a l l  t h e  c h i l d r e n  i nc l uded  i n  t h e  survey. 

COMPUTER SOFTWARE PROGRAMS 

C e r t a i n  computer so f tware  programs have been developed f o r  processing, 
c lean ing ,  ana lyz ing ,  and tabu1 a t i n g  c h i  1  d  anthropometr ic  data.  These so f tware  
programs conve r t  t h e  raw he igh t ,  weight ,  sex, and age da ta  i n t o  t h e  n u t r i t i o n a l  
i n d i c a t o r s  of weight-for-height, he igh t - fo r -age ,  and weight-for-age. One popu la r  
package t h a t  can be used on most IBM compat ib le  computers i s  t h e  CASP program 
developed by CDC i n  A t l a n t a ,  Georgia (CASP ve rs i on  3.2; see address f o r  CDC i n  
Appendix A). T h i s  program wi  11 au tomat i ca l  l y  produce e i t h e r  percentage o f  median 





o r  Z-scores as  we1 1 a s  tabula te  the data according t o  the guide1 ines recommended 
by in ternat ional  experts  (Waterlow e t  a1 . 1977). A more recent computer program, 
EPI-INFO, i s  now avai lable  and contains an anthropometric module based on the 
CASP program. I t  i s  intended t o  eventually replace CASP. I t  can be obtained 
from e i t h e r  CDC o r  the  Nutrition U n i t  in WHO/Geneva and includes many other 
epi demi 01 ogi cal functions. 

Alternatively,  a  computer programmer could use the values shown in the 
NCHSIWHO t ab l e s  (Appendix C) and devise a simple program t o  calcula te  the 
ind ica to rs  of nu t r i t iona l  s t a t u s  according t o  the examples given above. In 
addit ion,  the  conversion of length t o  height f o r  children 24 months and above 
could a l so  be programmed in to  the computer. 

SUSPECT VALUES 

One of the  f i r s t  s teps  in cleaning survey data involves scanning the  data 
f o r  out1 i e r s  t h a t  a re  suspiciously low o r  high. Both the raw weight and height 
data ,  a s  we1 1 as  the calculated indicators of nutr i t ional  s t a t u s ,  can be examined 
using simple s ca t t e rp lo t s .  In t h i s  way extreme o u t l i e r s  can be flagged. Any 
suspect values should be noted and the data forms checked. If t h i s  f a i l s  t o  
c l a r i f y  the  problem, the  supervisor and enumerator should, i f  possible, r e v i s i t  
the household in  order t o  remeasure the chi ld  in question. Unfortunately, these 
types of suspect values a r e  often detected too l a t e  t o  return t o  the f i e l d  t o  
remeasure chi 1 dren. Under these c i  rcumstances, the obviously incorrect  val ues 
should be deleted from the  data f i l e s .  If many measurements a re  suspect, i t  i s  
prudent t o  mark the  suspect cases and fu r the r  investigate any common 
cha rac t e r i s t i c s ,  such as  t o  which enumerator they belong or  from which vi l lage  
they came. Sometimes consistent  e r ro rs  in the recording of data by the  
enumerators can be uncovered t h i s  way. 



7 .  DATA PRESENTATION 

D E S C R I B I N G  THE SAMPLE 

I t  i s  very important t h a t  t h e  information co l l ec t ed  in  t h e  f i e l d  survey i s  
u l t ima te ly  presented c l e a r l y  and concisely and i s  of bene f i t  t o  t h e  potent ia l  
users  of t h e  da ta .  Reports from n u t r i t i o n  surveys o f t en  s u f f e r  from poorly 
presented da ta ,  which make i t  impossible f o r  t he  reader  t o  decipher  the  r e s u l t s .  

Some bas ic  r u l e s  should always be followed when present ing t h e  r e s u l t s  of 
a c h i l d  n u t r i t i o n  survey. F i r s t ,  t h e  sample needs t o  be described with enough 
accuracy i n  regard t o  i t s  representa t iveness ,  composition, and numbers of 
ch i ldren .  I t  i s  useful t o  begin t h e  r epor t  with a general t a b l e  t h a t  breaks down 
t h e  sample by t h e  numbers of boys and g i r l s  i n  each age group. Table 1 provides 
an example of a s tandard layout  f o r  such a summary t a b l e .  

AGE CATEGORIES 

When present ing  anthropometri c da t a ,  exper ts  recommend (Water1 ow e t  a1 . 
1977) t h a t  t h e  following age ca t egor i e s  be used i f  t he re  a r e  a t  l e a s t  100 
ch i ld ren  i n  each age group: 

0 thru < 2 months 
3 thru < 5 months 
6 thru < 6 months 
9 thru < 11 months 

12 thru < 23 months 
24 thru < 35 months 
36 thru < 47 months 
48 t h r u  < 59 months 

I f  t h e r e  a r e  fewer than 100 chi ldren  i n  each of t h e  above age groups, then t h e  
following col lapsed age ca t egor i e s  a r e  recommended: 

0 thru < 5 months 
6 thru < 11 months 

12 thru < 23 months 
24 thru < 35 months 
36 thru < 47 months 
48 thru < 59 months 





PRESENTING DATA ON NUTRITIONAL STATUS 

It i s  a l s o  recommended t h a t  t h e  p r imary  i n d i c a t o r s  o f  i n t e r e s t  should  be 
wei g h t - f o r - h e i g h t  and he i  gh t - fo r -age  t o  g i v e  a  c l e a r  assessment o f  t h e  problems 
o f  n u t r i t i o n a l  was t i ng  and s t u n t i n g .  Weight- for-age i s  u s e f u l  because i t  
p rov i des  a  mixed i n d i c a t o r  o f  bo th  n u t r i t i o n a l  was t ing  and s t u n t i n g ;  b u t  i t  i s  
n o t  always easy t o  i n t e r p r e t  t h e  meaning o f  t h e  we igh t - fo r -age  da ta  i n  terms o f  
t h e  n a t u r e  o f  t h e  m a l n u t r i t i o n  problem. 

The use o f  Z-scores i s  h i g h l y  recommended f o r  p resen t i ng  t h e  r e s u l t s  o f  an 
an th ropomet r i c  survey t o  e l  i m i  na te  t h e  problems assoc ia ted  w i t h  t h e  percentage 
o f  median approach. However, some researchers ,  p a r t i c u l a r l y  h e a l t h  personnel ,  
s t i  11 p r e f e r  t h e  pe rcen t  o f  median approach. To avo id  confus ion,  a  good r u l e  o f  
thumb i s  t o  p resen t  t h e  r e s u l t s  as Z-scores i n  t h e  main t e x t  o f  t h e  r e p o r t  and, 
i f  des i red ,  i n c l u d e  percentage o f  median r e s u l t s  as an appendix. 

It i s  a l s o  recommended t h a t  f o r  each sex and age group i n  t h e  sample, t h e  
d i s t r i b u t i o n  o f  t h e  n u t r i t i o n a l  s t a t u s  i n d i c a t o r s  be presented as mean and 
s tandard  d e v i a t i o n s .  It i s  a1 so use fu l  t o  p resen t  t h e  preva lence o f  n u t r i t i o n a l  
wast ing,  s t u n t i n g ,  and underweight by g i v i n g  t h e  percentage o f  c h i l d r e n ,  by age 
and sex, who have n u t r i t i o n a l  i n d i c a t o r s  t h a t  f a l l  below t h e  d i f f e r e n t  c u t o f f  
c r i t e r i a  shown above (WHO 1986). I n  summary, t h e  suggested t a b l e s  f o r  p resen t i ng  
t h e  m a l n u t r i t i o n  f i g u r e s  should  i n c l u d e  t h e  f o l l o w i n g  (broken down by sex and age 
and g i v i n g  sample s i zes )  : 

(1) mean va lues  and s tandard d e v i a t i o n s  o f  n u t r i t i o n a l  i n d i c a t o r s  
(2) percentage o f  c h i  l d r e n  w i t h  i n d i c a t o r s  below d i f f e r e n t  c u t o f f  1  eve1 s 

(i .e., w i t h  Z-scores 5 -2 .OO and -3.00) . 
An example o f  p r e s e n t i n g  t h e  l e v e l s  o f  m a l n u t r i t i o n  i s  shown i n  Table 2. 

It i s  impo r tan t  t o  keep t h e  fo rmat  o f  a  t a b l e  s imple and n o t  overcrowded w i t h  
numbers. The symbol " N "  i s  commonly used i n  t h e  p r e s e n t a t i o n  o f  da ta  t o  denote 
t h e  sample s i z e .  For  p r e s e n t i n g  da ta  on Z-scores, as shown i n  Table  2, rounding 
o f f  t o  t h e  nea res t  hundredth i s  acceptab le  - f o r  example, a  Z-score equ i va l en t  
t o  -1.25. For  p r e s e n t i n g  da ta  on t h e  percentage o f  t h e  median method, rounding 
o f f  t o  t h e  nea res t  t e n t h  i s  s u f f i c i e n t  - f o r  example, 87.5 percen t .  

Some researchers  a l s o  p u t  t h e  more d e t a i l e d  da ta  r e l a t e d  t o  t h e  raw 
measurements a t  t h e  end o f  t h e  main body o f  t h e  r e p o r t  as an appendix. Th is  i s  
e s p e c i a l l y  u s e f u l  f o r  p r e s e n t i n g  t h e  d i s t r i b u t i o n  s t a t i s t i c s  (i .e., means and 
s tandard  d e v i a t i o n s )  o f  t h e  raw we igh t  and h e i g h t  da ta  by age and sex. 

It i s  a l s o  ve r y  u s e f u l  t o  l o o k  a t  d e f i c i t s  i n  we igh t - f o r - he igh t  (wast ing)  
i n  r e1  a t i o n  t o  d e f i c i t s  i n  he igh t - f o r - age  ( s t u n t i n g )  w i t h  Z-scores (Waterlow e t  
a l .  1977).  I n  t h i s  way t h e  percentage o f  c h i l d r e n  who a re  normal, wasted, 
s tun ted ,  o r  wasted and s t u n t e d  can be determined. A fo rmat  f o r  such a  t a b l e  i s  
shown i n  Tab le  3. The c a t e g o r i e s  o f  Z-scores cou ld  be expanded below -2.00 by 
u n i t s  o f  0.50 o r  1.00, i f  des i red ;  however, t h e  c l a s s i f i c a t i o n  p o i n t s  a t  -3.00 
and -4.00 should  be mainta ined.  Table 4  p resen ts  t h i s  same t y p e  o f  da ta  i n  a  
s i m p l i f i e d  format .  









DATA ANALYSIS WITH INDICATORS OF NUTRITIONAL STATUS 

The i n d i c a t o r s  o f  n u t r i t i o n a l  s t a t u s  can be s t a t i s t i c a l l y  t e s t e d  t o  examine 
r e l a t i o n s h i p s  between n u t r i t i o n a l  s t a t u s  and o t h e r  va r i ab l es ,  as we1 1 as 
d i f f e r e n c e s  between d i f f e r e n t  groups o f  c h i l d r e n .  Because o f  t h e i r  d e r i v a t i o n ,  
Z-scores a r e  p a r t i c u l a r l y  u s e f u l  f o r  s t a t i s t i c a l  t e s t i n g .  For  example, t h e  
percentage o f  c h i l d r e n  f a1  1  i n g  i n t o  t h e  d i f f e r e n t  ca tego r i es  o f  n u t r i t i o n a l  
s t a t u s  can be compared across d i f f e r e n t  groups o f  c h i  1 dren us i ng  d i s t r i b u t i o n a l  
t e s t s  (i .e., ch i -square ) .  I n  a d d i t i o n ,  mean Z-score va lues can be c a l c u l a t e d  f o r  
d i f f e r e n t  groups o f  c h i l d r e n  a t  t h e  household o r  community l e v e l  t o  a l l o w  
s t a t i  s t i c a l  comparisons w i t h  n u t r i t i o n a l  s t a t u s .  Z-scores can a1 so be t r e a t e d  
as a  con t inuous  v a r i a b l e  t h a t  can be analyzed w i t h  o t h e r  n o n n u t r i  t i o n a l  v a r i a b l e s  
such as socioeconomic i n d i c a t o r s  (Mar to re l  1  1982) . 



8. REPORT PREPARATION 

Once t h e  f i e l d  work has been completed and t h e  da ta  analyzed and t a b u l a t e d  
a l ong  t h e  l i n e s  o f  t h e  examples g i ven  above, i t  i s  impor tan t  t h a t  t h i s  va l uab le  
i n f o r m a t i o n  i s  w r i t t e n  up as s u c c i n c t l y  and c l e a r l y  as poss ib l e .  The degree o f  
t e c h n i c a l i t y  o f  t h e  r e p o r t  w i l l  depend on i t s  in tended  audience. The language 
o f  t h e  r e p o r t  needs t o  match t h e  background o f  t h e  in tended  reader .  Busy 
p o l  icymakers w i  11 n o t  be a b l e  t o  grasp t h e  i n t r i c a c i e s  o f  how Z-scores a re  
ca l cu l a ted ,  b u t  t hey  need t o  know t h e  l e v e l s  o f  n u t r i t i o n a l  was t ing  and s t u n t i n g  
i n  t h e  d i f f e r e n t  socioeconomic groups i n  t h e  p o p u l a t i o n  o r  i n  d i f f e r e n t  areas o f  
t h e  coun t r y .  

A b r i e f  3- o r  4-page r e p o r t  would no doubt have a g r e a t e r  impact on 
p o l  icymakers t han  a b u l k y  30-page volume. The r e p o r t  should  be organized a long 
t h e  f o l l o w i n g  l i n e s :  

(1) Execu t i ve  summary g i v i n g  t h e  main f i n d i n g s  (no more than  1 page); 
(2) I n t r o d u c t i o n ,  i n c l u d i n g  a b r i e f  d e s c r i p t i o n  o f  t h e  survey 

(pu t  d e t a i l s  o f  sampl ing and methodology as an appendix); 
(3) Main f i n d i n g s ;  
(4) D i  scuss i  on and conc l  u s i  on; 
(5) Technica l  appendices. 

The p r e s e n t a t i o n  o f  t h e  da ta  r e q u i r e s  c a r e f u l  thought .  The impact o f  a few 
we l l -des igned  t a b l e s  i s  much g r e a t e r  than t h a t  o f  l ong  s e r i e s  o f  p o o r l y  designed 
t a b l e s .  I n  some ins tances ,  t h e  use o f  g raph ics  has an even g r e a t e r  e f f e c t  i n  
convey ing t h e  meaning o f  t h e  da ta  than  do t a b l e s .  F i gu re  10 shows t h e  r e s u l t s  
o f  t h e  second n a t i o n a l  n u t r i t i o n  survey i n  Kenya, and a t  a g lance i t  i s  obvious 
which reg ions  a re  n u t r i t i o n a l l y  worse o f f .  





APPENDIX A 

USEFUL ADDRESSES FOR ORDERING EQUIPMENT TO MEASURE CHILDREN 
(A lnw ick  1985; G r i f f i t h s  1985) 

C h i l d  Weighing Scales (hang ing t y p e  o f  25 k i l og rams by 100 grams) : 

UN I PAC 
UNICEF Procurement and Assembly Cent re  
UNICEF Plad,  F r e e p o r t  - 2100 
Copenhagan 0, Denmark 
Te lex  19813 
Telephone 01-26-24-44 

ITAC C o r p o r a t i o n  
P.O. Box 1742 
S i l v e r  S p r i n g ,  Mary land 20902 U.S.A. 

C.M.S. Weighing Equipment, L t d .  
18 Camden H igh  S t r e e t  
London, NW1 OJH, U n i t e d  Kingdom 

S a l t e r  I n d u s t r i a l  Measurement, L t d .  
George S t r e e t  
West Bromwich, B70 6AD, U n i t e d  Kingdom 

Program f o r  A p p r o p r i a t e  Technology f o r  H e a l t h  (PATH) 
Canal P lace  
130 N icke rson  S t r e e t  
S e a t t l e ,  Washington 98109, U.S.A. 
Te lex  4740019 
Telephone 206-285-3500 

A p p r o p r i a t e  H e a l t h  Resources and Technolog ies  A c t i o n  Group (AHRTAG) 
85 Marylebone H igh  S t r e e t  
London W1M 3DE, U n i t e d  Kingdom 

Chi 1 d Boards: 

UN I PAC 
UNICEF Procurement and Assembly Cent re  
UNICEF Plad,  F r e e p o r t  - 2100 
Copenhagan 0, Denmark 
Te lex  19813 
Telephone 01-26-24-44 



Instructions for Constructing Locally Made Length Boards are Available 
from: 

Appropr iate Heal t h  Resources and Techno1 ogi  es A c t i  on Group (AHRTAG) 
85 Marylebone High S t r e e t  
London W1M 3DE, Uni ted Kingdom 

Centers f o r  Disease Contro l  
Department o f  Heal th and Human Service 
At lan ta ,  Georgia 30333, U.S.A. 

Worl d Heal t h  Organi za t i on  
N u t r i t i o n  U n i t  
Geneva, S w i  t z e r l  and 

Shorr  Measuring Board Construct ion K i t  
(i n c l  udes every th ing  bu t  wood) 
I n t e r n a t i o n a l  Science and Technology I n s t i t u t e  
2033 M S t .  N.W. 
S u i t e  300 
Washington, D.C., U.S.A. 

Other Useful Addresses for Informati on on Chi ld Nutritional Assessment Include: 

American Pub1 i c Heal th Associat ion 
I n t e r n a t i o n a l  Heal th Program 
1015 F i f t e e n t h  St ree t ,  N.W. 
Washington, D.C. 20005, U.S.A. 

OX FAM 
Medical U n i t  
Banbury Road 
Oxford, Un i ted  Kingdom 

Save the  Ch i ld ren  Fund 
17 Grove Land 
London SE5 8RD, Uni ted Kingdom 

TALC - Teaching Aids a t  Low Cost 
P.O. Box 49, S t .  Albans 
Herts .  AL1 4AX, Uni ted Kingdom 
Telex 266020 CORALP G 
Telephone 0727-53869 



APPENDIX B 

STANDARDIZATION PROTOCOL FOR TRAINING ENUMERATORS TO TAKE MEASUREMENTS 
(UNSOINHSCP 1986; Habicht 1974; and WHO 1983) 

Standardization is the process of teaching the survey team how to take 
measurements by checking the precision and accuracy of each enumerator. 
Precision is defined here as the ability to repeat a measurement of the same 
subject with a minimum variation. Accuracy is defined here as the ability to 
obtain a measurement that will duplicate as closely as possible the "true" value. 
The "true" value can be considered either the average of the measurements made 
by all the enumerators or the measurement made by the trainer/supervisor. The 
test for accuracy is the more important of the two, so the basis for enumerator 
selection and evaluation may be the accuracy test alone. 

METHOD A: USING THE SUPERVISOR AS THE  STANDARD^ 

1. D a t a  C o l l e c t i o n  

Ten subjects are usually required for standardization procedures. Each 
enumerator measures each subject twice, but the enumerator should not be allowed 
to see the first measurement when taking the second. The results of the initial 
measurements of a1 1 c h i l d r e n  are noted on an appropriate record form and put 
aside until the second set of measurements of the same children is taken. A 
sui tab1 e record form would be as follows: 

lllustralion 126 

Sample Standardization Test Form 

Adapted from WHO (1983). 



The result of this standardization procedure, using the heights of children 
as an illustration, is shown in Appendix Table B.1. (In practice, half of the 
children measured should be younger than two years and ha1 f older than two years 
of age .) 

Appendix Table B.l - Raw Data in a Standardization Test for Measurements of 
Height of Chi 1 dren (in mi 1 1  imeters) 

Trainer/ 
Supervisor 1 

Column a = first measurement. 
Column b = second measurement, independently made and recorded. 
II = examples of inadequate measurements in terms of precision. 

Enumerators 
U V W X Y z 

a b a b a b a b a b a b 

2. Step-by-step Calculations 

Appendix Table B.2 - Calculations of a Standardization Test Using the Data of 
Enumerator Y in Appendix Table B.l 

836 819- 
880 845 
873 880 
874 864, 

*818 827 
858 866 
818 827 
876 874 
&00 707 
852 856 

819 826 
846 846 
863 861 
862 8-50 
82.71 823 
857 882 
824 825 
880 875 
810 804 
858 852 

Step 1 Step 2 Step 3 Step 4 Step S 
PRECISION Tralnerl ACCURACY 

Chlld lst(a) tnd(b) cola. cob. Enumerator's Supervtsor'a cola. cola. 
NO. measurement 1 - 2 (1 - 212 (a + b) (a + b) s - a (s - a12 

(1) (2) (3) ( 4 )  (5) (6) (7) (8) 

1 842 837 +5 25 1679 1650 +29 84 1 

2 861 854 +7 49 1715 1884 +31 961 

3 862 858 i -4 16 1720 1716 +4 16 

4 875 865 +lo 100 1740 1722 +18 324 

6 826 827 -1 1 1853 1640 +13 1 69 

6 884 880 +I 16 1724 1710 +14 I96 

7 820 835 -15 225 1655 1647 +8 84 

8 884 882 +2 4 1766 1752 +14 196 

9 820 815 +5 25 1635 1607 +28 784 
10 866 870 -4 16 1736 1718 +18 324 

841 834 
842 854 
856 885 
866 856 
827 826 
856 880 
828 824 
827 875 
811 810 
850 800 

Totals 477 3875 

833 828 
840 856 

1-i 
8M 864 
826 
8b6 864 
827 826 
873 878 
809 808 
857 860 

838 825 
850 856 
882 872 
856 869 
838 828 
862 873 
832 825 
870 881 
811 8M) 
856 856 

842 837 
861 854 
882 858 
876 885 
826 827 
864 860 
820 835 
884 882 
820 816 
866 870 



As shown i n  Appendix Table B.2, t h e  f o l l o w i n g  c a l c u l a t i o n s  a re  c a r r i e d  out :  

Step 1 - The two measurements a re  en te red  i n  t h e  f i r s t  two columns. 
Step 2 - The second measurement i s  sub t rac ted  f rom t h e  f i r s t  measurement, and 

t h e  r e s u l t ,  i .e., p r e c i s i o n ,  i s  en te red  i n  t h e  t h i r d  column w i t h  i t s  
a p p r o p r i a t e  s ign,  and then  t h e  square o f  t h a t  f i g u r e  i s  en te red  i n  t h e  
f o u r t h  column . 

Step 3 - The sum o f  t h e  enumerator 's  two measurements o f  each c h i l d  i s  en te red  
i n  t h e  f i f t h  column. 

Step 4 - The sum o f  t h e  t r a i n e r / s u p e r v i s o r ' s  two measurements o f  each c h i l d  i s  
en te red  i n  t h e  s i x t h  column. 

Step 5 - The sum o f  t h e  t r a i n e r / s u p e r v i s o r l s  measurements (column 6) i s  
sub t rac ted  f rom t h e  sum o f  t h e  enumerator 's  measurement (column 5) and 
t h e  r e s u l t ,  i .e., accuracy, i s  en te red  i n  t h e  seventh column w i t h  i t s  
a p p r o p r i a t e  s ign ,  and then  squared i n  t h e  e i g h t h  column. 

Step 6 - T o t a l  t h e  f i g u r e s  i n  column 4 and t h e  f i g u r e s  i n  column 8 f o r  a1 1 
c h i l d r e n .  These t o t a l s  o f  column 4 ( p r e c i s i o n )  and column 8 
(accuracy) o f  each enumerator (i .e., 477 and 3,875 i n  t h e  case o f  
enumerator Y )  a re  then t r a n s f e r r e d  t o  a s i n g l e  sheet o f  paper as i n  
t h e  f o l l o w i n g  Appendix Table B.3. 

Appendix Table B.3 - Summary o f  F i nd ings  f rom t h e  S tanda rd i za t i on  Tes ts  

PRECISION ACCURACY 
M e u u r e r s  To ta l s  Si  y* T o t &  Signs' O b a w a t i o l u  (by S u p c n b o r )  

ICOI. 4r ICOI. a1 ICOI. 8) ( ~ o I .  7 )  
Tra iner /  

Supervisor 294.. 4 B N A NA Beat orecision. BE expected 
EnurneraCora 

u 324 6 10 624 7/10 Both vrecision and accuracu ratisfrctmv 
V 131 6/10 1195 8/9 B r e c b i  ratislacton. A c c u r a ~ .  defieien(; 

v d o a  Laa great by 3.8 mm. mm.Rwumins 
rame children under a u p e n l i n .  with hutrue- I 
t ion. 

W 774 5/10 1024 7/10 Poor precision due to one poor repeated m e w  
urement; accuracy a p p r o d i n g  the adequatc 
With better precnion, accuracy would be 
exuected to be rdeauatt. 

X 893 6/9 3066 9/10 Overall poor precision: memrea  7.4 mm. t m  
long poor attitude and carelesmaa o b r m d .  
Need to talk to enumerator and ratandard- 
1m. 

I 

Y 477 7/10 3875 10/10 Precision s.ttlactorj.; doing wmething wrong 
rystemaLically. B.0 mrn. too lone On repast- 
br meuurement. enumerator is obrmed  b 

Z l n 8  7/10 1040 6/10 Poor precision and recuracy due to faulty 
fint four meaauru. thereafter ratisfactory. 

* The sum o f  t h e  most f r e q u e n t l y  o c c u r r i n g  s i g n  i s  t h e  numerator, t h e  t o t a l  
number o f  s i gns  i s  t h e  denominator.  Zeros a re  ignored.  

** The sum o f  t h e  squared d i f f e r e n c e s  o f  t h e  two measurements o f  t he  t r a i n e r /  
supe rv i so r  shown i n  t h e  f i r s t  two measurement columns o f  Appendix Table 
B.1, i .e . ,  ( a  - b)'. 



Eva1 uat i  on o f  Resul t s  

In evaluating the  r e su l t s  in Appendix Table 6.3, the following general rules 
ly:  

The t r a i  nerlsupervi so r  ' s precision wi 11 usual 1 y be the g rea tes t  because of 
expected g rea te r  competence and, therefore ,  the sum of the t r a i ne r /  
superv i sor ' s  column 4 will correspondingly be the smallest.  Ideally,  this 
should be equal t o  zero f o r  both the t ra iner /supervisor  and the  enumerator. 
In pract ice ,  f o r  adequate precision,  i t  i s  considered acceptable i f  the sum 
of t he  enumerator's column 4 (magnitude being inversely re la ted  t o  
precision) i s  a r b i t r a r i l y  no more than twice the  sum of the  t r a i ne r /  
superv i sor ' s  column 4, i  .e . ,  588 (294 x 2 ) .  

An enumerator's column 8 should ideal ly  be equal t o  zero. In pract ice ,  f o r  
adequate accuracy, i t  i s  considered acceptable i f  the  enumerator's column 
8 (magnitude being inversely re la ted  t o  accuracy) i s  a r b i t r a r i l y  no more 
than th ree  times the  sum of the  t r a ine r / superv i sor ' s  column 4, i  .e. ,  882 
(294 x 3 ) .  

A n  enumerator's column 8 should be l a rger  than his  column 4. If  i t  i s  not, 
the  r e s u l t  should be closely scrutinized and measurements retaken as  i s  
recommended in the case of enumerator Z in Appendix Table 6.3. 

One weakness of these a rb i t r a ry  rul ings  i s  tha t  they r e su l t  in d i f fe ren t  
1 eve1 s of acceptabi 1 i  t y  in an enumerator's measurements, depending on the qual i  t y  
of the measurements of the t ra iner /supervisor .  An enumerator working with a poor 
t r a i  nerlsupervi so r  wi 11 be a1 lowed a g rea te r  margin of e r ro r  than an enumerator 
working with an expert t ra iner /supervisor .  Clearly, i f  the qual i t y  of the 
t ra iner /supervisor  i s  not considerably be t t e r  than t ha t  of the average enumerator 
o r  there  i s  a wide var ia t ion among supervisors, t h i s  method of comparison should 
not be used. 

The summary of the r e su l t s  as they a r e  presented in Appendix Table 8.3 are  
then examined, bearing in mind the three  ru les  l i s t e d  above. When inadequacies 
a re  revealed by applying these ru les ,  the next s tep  i s  t o  examine the signs of 
the  di f ferences  which can show i f  an enumerator i s  making a systematic e r ro r  o r  
not. I f ,  with 10 dupl i c a t e  measurements, 9 out of 10 differences have the same 
sign,  there  i s  a very high probabi l i ty  t ha t  a systematic e r ro r  is being made. 
I f  t h i s  type of systematic e r r o r  i s  discovered when checking f o r  precision,  i  .e. ,  
column 4, then i t  i s  probable t ha t  the two rounds of measurements were d i f fe ren t  
due t o  d i f f e r en t  measuring techniques of the enumerator, who might have been 
over t i red  during the  second round; t o  problems with the measuring equipment 
between rounds as  when the  sca les  are  not properly zeroed; t o  an actual 
d i f ference in the ch i ld ,  when the chi ld  e a t s  o r  goes t o  the t o i l e t  between 
weighings; o r  t o  some other  s imi la r  systematic problem. 

If t h i s  type of systematic e r r o r  i s  discovered in ca lcula t ing f o r  accuracy, 
i . e . ,  column 8 ,  then there  i s  a very high probabil i ty t ha t  the enumerator has a 
systematic b i a s .  In t h i s  case the  measuring should be observed f o r  such e r ro rs  



as incorrect  reading of the  scale  o r  s t re tching of the child while taking length 
measurements. On the  other hand, inaccuracy where l e s s  than 9 out of 10 
difference signs are  the  same suggests the  need f o r  the  enumerator t o  take 
g rea te r  general care during measuring. 

To sum up, a large column 4 t o t a l ,  i  . e . ,  poor precision, indicates careless 
measuring, fa t igue ,  o r  changes in the subject over a period of time t o  be 
determined by an inspection of signs or  s ingle  differences.  

A large  column 8 t o t a  
systematic bias i f  the  signs 
1 arge s ingle  differences.  

1 , i  . e. ,  poor accuracy, indicates care1 essness, a 
indicate t h i s ,  or  lapses in performance revealed by 

Once the  nature of the e r ro r  i s  iden t i f i ed ,  correction i s  usually simple. 



APPENDIX C 

INTERNATIONAL NCHS/WHO C H I L D  REFERENCE TABLES 
(WHO 1983) 

Appendix Table  C . l :  
Appendix Table C.2: 
Appendix Table  C.3: 
Appendix Table  C.4: 
Appendix Table  C.5: 
Appendix Table  C.6: 
Appendix Table  C.7: 
Appendix Table  C.8: 
Appendix Table  C.9: 
Appendi x Tabl e C.  10: 
Appendix Tabl e C.  11 : 
Appendix Tabl e C.  12: 

Length ( cen t ime te r s )  by age o f  boys aged 0 t o  23 months 
He igh t  (cen t imete rs )  by age o f  boys aged 24 t o  59 months 
Length (cen t imete rs )  by age o f  g i r l s  aged 0 t o  23 months 
He igh t  (cen t imete rs )  by age o f  g i r l s  aged 24 t o  59 months 
Weight (k i lograms)  by age o f  boys aged 0 t o  23 months 
Weight (k i l og rams)  by age o f  boys aged 24 t o  59 months 
Weight (k i l og rams)  by age o f  g i r l s  aged 0 t o  23 months 
Weight (k i l og rams)  by age o f  g i r l s  aged 24 t o  59 months 
Weight by l e n g t h  o f  boys, 49.0 t o  90.5 cen t imete rs  
Weight by h e i g h t  o f  boys, 55.0 t o  130.0 cen t imete rs  
Weight by l e n g t h  o f  g i r l s ,  49.0 t o  90.5 cen t imete rs  
Weight by h e i g h t  o f  g i r l s ,  55.0 t o  130 cen t imete rs  

Note: The da ta  g i ven  i n  Tables 1, 3, 5, 7, 9, and 11 a re  f rom t h e  t a b l e s  on t h e  
F e l s  sample o f  c h i l d r e n  where recumbent l e n g t h  i s  t h e  measurement used, 
w h i l e  t h e  da ta  g i ven  i n  Tables 2, 4, 6, 8, 10, and 12 a re  f rom t h e  NCHS 
sample o f  c h i l d r e n  where s tand ing  h e i g h t  i s  t h e  measurement used (WHO 
1983). Therefore,  f o r  c h i l d r e n  0-23 months o f  age, recumbent l e n g t h  must 
be used when us i ng  t h e  Reference Tables.  For  c h i l d r e n  24-59 months o f  age 
s tand ing  h e i g h t  must be used; t h e r e f o r e ,  an ad justment  o f  1.5 cen t imete rs  
must be sub t rac ted  f rom t h e  recumbent l e n g t h  measurement t o  approximate 
h e i g h t  (see t e x t  f o r  f u r t h e r  exp lana t i on ) .  
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