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Ylissing d a t a  f3 r  longitudinal  surveys  occur  i n  a var ie ty  of pa t t e rns  which c a n  be  sor ted  

and categor ized i n t o  dif'ferent c lasses  of  missingness depending on t h e  s u v e y  unit.  For 

th i s  s tudy ,  t h e  survey unit is a person. Therefore  t h e  missingness t h a t  occurs  in t h e  d a t a  

can be person nonresponse, whereby no d a t a  a r e  available f o r  a person a t  a n y  given t i m e  

period in t h e  survey,  record-type nonresponse where a n  eritire module of  r e l a ted  d a t a  for  

a person is unavailable, and i t e  m nonresponse in which d a t a  a r e  missing sporadically 

throughout t h e  person record.  For th is  s tudy we focused on record-type nonresponse f o r  

a single continuous variable. It is impor tan t  t h a t  th i s  type  of nonresponse be  addressed 

a s  it occurs  generously throughout  a longitudinal  survey.  Also, simulation of  record-type 

nonresponse provides reasonably s ized d a t a  f i l e s  t o  s tudy and manipulate. It is impor tan t  

t o  note t h a t  t h e  techniques  inves t igated can  be e mployed t o  corn pensate fo r  both i t e  m 

and record-type nonresponse. 

The object ive  of th i s  s tudy is t o  e v a l ~ a t e  seven  di f ferent  methods of imputa t ion f o r  

continuous d a t a  in  a longitudinal  survey.  The m e thods  c o  m pared are described below a s  

me t h e  procedures t o  corn pare them.  In our  comparisons, we e mployed a var ie ty  of 

su  m m a ry  s t a t i s t i c s  and graphic techniques.  The par t icular  f indings a r e  detafied in t h e  

body of t h e  t e x t  and a number of graphs and t ab les  a r e  included in t h e  Appendix t o  

suppor t  t h e s e  findings. No informat ion was observed t o  suppor t  a n y  assumptions of 

norm al i ty  in t h e  d a t a  s tudied,  and t h e  analysis proceeds using a var ie ty  of  nonparametr ic  

techniques. 

In Section II we describe t h e  d a t a  used in th i s  s tudy and discuss how it was used. In 

Section IE we discuss e a c h  of t h e  a l t e rna t ive  imputa t ion s t r a t e g i e s  t h a t  a r e  compared 

agains t  one  another .  In Section I V  t h e  methods used t o  compare  t h e  d i f fe ren t  procedures 

a r e  described and t h e  results of our  analyses  a r e  presented. Findings a r e  sum marized in  

Sections V and V I ,  and a n  Appendix conta ins  t h e  tables ,  graphs,  and sum mary s t a t i s t i c s  

used i n  our  analyses. 



I. SIMULATING MISSING D A T A  PATTERNS 

T welve-m on th  longitudinal  da ta  e x t r a c t e d  P o m  the 1979 ISD P (Income Survey 

Develop ;r, e n t  P r o r a  r n )  silrvey were used in  th i s  study.  Theze d a t a  were en te red  in to  a 

SIR (Scientif ic Infor m a t ion  Retrieval)  da tabase ,  f r o  m which fixed-for m a t  sim ulation d a t a  

f i les  were e x t r a c t e d .  Subsequent manipulation and evaluation were performed using 

spec ia l  purpose F 0 R T R A N  progra m s  and t h e  SPSS-X s t a t i s t i c a l  package on a Univac 

1 100 and I B  M - X  T a t  t h e  Bureau of t h e  Census. 

For th i s  s tudy ,  missing d a t a  were s imulated using records  on which t h e  variable of 

i n t e r e s t  was corn pletely repor ted ,  and f o r  t echn ica l  r easons  records  with zero  responses 

f 3 r  t h e  variable of in te res t  were excluded.  We t h e n  had t h e  original  values f o r  t h e  

m issingness s imulated in t h e  f i l e  which we use l a t e r  in analyzing t h e  propert ies of 

i m  puta t ions  obtained by t h e  se lec ted  i n  puta t ion methods. The continuous variable used 

in  t h e  s tudy is wages and sa lary .  The following ind ica tes  t h e  s imulat ion procedure used 

t o  induce missing d a t a  on to  records .  

( 1 )  Define a longi tudinal  record fo r  wages and sa lary  t o  be a person record of 

responses t o  t h e  question: What were your wages and sa la r i e s  f o r  month j, 

j= l  , 12 in 1979? Denote t h e  response by wage (j), j=1,12. 

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

(j): 

Ex: W age(j): - 100 100 150 145 120 200 150 200 100 100 150 175 

Longitudinal r ecord  

( 2 )  Randomly s e l e c t  500 person records  f o r  persons, a g e  5 16, with a t  l e a s t  one  

missing response ,  i.e., wage (j) = -1 f o r  some j, and a t  least one  comple te  

response,  i.e., wage (j) > 0 f o r  s o  m e j. (The value "-1 is a p lace  holder f o r  a 
4 

m issing response  .) 

1 2 3 4 5  6 7 8 9 l o  1 1  12 

(j): 

Ex: W age(j): - 100 100 -1 -1 -1 100 100 100 150 150 150 150 



(3) Se lec t  approxim a te ly  2,000 person records  with co m p le te  

responses f o r  eve ry  

month (j), i.e., wage (j) > 0 f o r  all j = l ,  12.  

(4) Induce t h e  missing pa t t e rn  from a record in  t h e  s e t  (2) onto a 

r ecord  f o r  a 

complete  respondent in  set (3) by a nea res t  match 

procedure. That  is, l e t  X n j = w  age  (j) f o r  som e c a s e  n from 

d a t a  set (2)  and l e t  Y i j  = wage (j) f o r  s o  me c a s e  i from d a t a  

s e t  (3), and find t h e  record Y in  t h e  s e t  (3) t o  minimize: 

'h'e s e t  X(n j ) - Y  (ij) = 0 f o r  X(n j) missing. 

One t h e n  induces t h e  nth missing d a t a  pa t t e rn  f r o  m (2) on to  t h e  ith fuU respondent  in (3) 

t o  obta in  500 s i a u l a t e d  person records  with missing wave responses.  In all, 410 unique 

corn ple te  respondents were used in  simulating t h e  500 records  with induced nissing 

responses. 

The seven i m putat ion procedures examined in th is  s tudy a r e  described below . The f i r s t  

t h r e e  employ regression-type techniques  which uti l ize t h e  e n t i r e  d a t a  s e t  t o  (1 )  model 

t h e  missingness t h a t  occurs  in  t h e  e n t i r e  set of d a t a  and (2) der ive  model-based imputes  

f o r  t h e  missing values. The last four  procedures i m  ple ment averaging techniques  in 

which only d a t a  f o r  t h e  cur ren t  case  a r e  used in determining a n  impute  f o r  a missing 

m onthls value. The regression-based i m putat ion procedures: I t e ra ted  Buck, Logarithmic 

I t e r a t e d  Buck, and Cube I t e r a t e d  Buck; and t h e  four  averaging techniques:  Arithmetic 

Smoothing (1 ) and (2) and Multiplicative Sm oothing (1 ) and (2) were t e s t e d  and evaluated 

on t h e  s imulated d a t a  set described above. 

(a) I t e r a t e d  Buck Techniaues 

The I t e ra ted  Buck procedure is a sequen t i a l  regression technique t h a t  e s t i m a t e s  

regression para  m e t e r s ,  der ives  i m  putes based on t h e s e  para  m e t e r s ,  and r e p e a t s  th i s  



process until the sequence of est i  m ated para rn eters converge. For a detailed description 

and derivation of the Eerated Buck method the reader is referred to papers by S. F. Buck 

[2] and Beale and Little [ I  1 pertaining to  missing values in multivariate analysis. The 

important thing to note here is that  Iterated Buck is an E M -  Algorith rn that  gives 

m axirn u m likelihood estimates of the population para m eters  when there is the assu m ption 

that  the data have a m ultivariate norm a1 distribution. 

However, no distributional assumption of normality of the data is justified here, as 

indicated ,in Figures 1-4. Histograms of the residuals, observed value - isputed vdue,  

for Itersted Buck, Logarithmic Iterated Buck and Cube Iterated Buck are  presented with 

a nornal  overlay represented by  the dotted line on the histograms. Comparing the two 

distributions in each of the histogra m s suggests that  a nor rn ality assu m ption for the data 

is unjustlried. Even in the aSsence of normality the Iterated Buck method can be used to  

derive imputations. O f  course, since the data are not normal, our analysis w i l l  proceed 

along nonpara m etwic lines, and considerations especially appropriate to  nor m al data w i l l  

not be addressed. 

We now describe the steps involved in the Iterated Buck procedures. Assume for a se t  of 

N observations and n variables that x represents the value of the jth variable in the ith 
i J 

observation for j = l ,  ..., n and i=l,...,N. Let m. denote the sample mean value of the jth 
J 

variable over all co m plete observations and u denote the sample covariance between 
J ,k  

variables r n  and m over al l  com plete observations. The Rerated Buck method uses m j  
J 

and u t o  co m pute: j,k 

( 1 )  xiJ = xij,if x is observed 1J 
a linear com bination of the se t  of variables observed in the ith 

observation, otherwise 

(2) C i j P k x  partial covariance of m and m k  if x i j  and are both 
j 

unknown 

0, otherwise 



- 
S e t  m = x and u 

j j 
j,k = a j , k / ( ~ - l )  and r e p e a t  (1 )  thnu ( 4 )  unt i l  t h e r e  a r e  no f u r t h e r  change3 

in m i  and ujPk. The t e rm ci jJk is a correct ion t e rm f o r  t h e  bias t h a t  would nor n a y  
d 

Occur in  t h e  format ion of ajSk. The procedure is applied t o  a longitudinal  r ecord  f o r  the  

variable wages and sa la r i e s  by s e t t i n g  xi = A M T(i J)  f o r  person record i ,  i = 1 ,  N and month 

j j , 1 2  If ins tead xiJ = log(A ?I T( i j ) )  f o r  t h e  ith person record  and jth month, t h i s  is the  

reason we omi t t ed  records  containing zero responses,  t h e  resul t ing algorithm is c u e d  

t h e  i o g a r i t h  mic I t e ra ted  Buck. After  t h e  algori th m is sa t is f ied ,  x is t rans fo rmed  back iJ 
t o  original  a mounts and corresponding irn putes.  By using t h e  logari thm of  am o u n 9  of 

wages and sa la r i e s  one reduces  t h e  i m p a c t  of skewness  in t h e  d a t a  and avoids the  

prattle m of denera t iqg negat ive  i m  putes.  Similarly, C ube m e r a t e d  Buck opera tes  o 
XiJ 

= ( A  Y T ( i ~ ) ) ' ' ~  unti l  closeness c r i t e r i a  a r e  m e t .  The xi a r e  t r ans fo r  m ed  back t o  

original  values and corresponding i n  gutes.  

(b)  S m oothing Procedures 

The two averaging techniques  examined he re  a r e  t e r m e d  Arit'n metic Smoothing and 

Multiplicative Smoothing because t h e  imputes  a r e  based on t h e  a r i t h m e t i c  mean and 

geo m eWic mean respect ively .  

Arith m e t i c  Smoothing essential ly a l loca tes  a n  equal  addit ive subdivision t o  e a c h  m issing 

value which depends on t h e  l eng th  of t h e  i n t e r v a l  of missing values i n  t h e  d a t a  record and 

t h e  repor ted  values on e i the r  s ide  of  t h e  missing da ta .  For example ,  suppose March, 

April, and May values f o r  variable X , denoted x, j, j = 3.5, were missing f o r  a par t icular  

record.  Then t h e  record  looks  l ike  t h e  following: 

J F M  A M J J A S O  N - D 
X 

1 X X X X X X 
2 , m , 3  m , 4  m , 5 , ' 6  7 '8 '9 1 0  

X 1 1  
X 1 2  

m i s s i n g  i n t e r v a l  

We de te rmine  t h e  d i f ference  ir. t h e  bounding repor ted  values of  t h e  missing in te rva l  and 

divide by t h e  nu m b e r  o f  s u b i n t e r v a h  t o  a r r ive  a t  



We then add d t o  x 2  consecutively t o  obtain imputes for  x m  ,3p m .4 and x m  . Explicitly, 
'5 

For t he  general case,  l e t  r = (xi  ,..., x, 2) be a longitudinal record of a mounts. Suppose x - 
is a n.hsing response bound below b y  xi and above b y  x 

j' 

( 1 )  C o m p u t e k = j - i  

(2) C om pute d = (xj - xi)/k 

t hen  (33 X m  = X i + ( m - i ) d .  

Note t ha t  x = xi + k * d  . 
j 

One difficulty with this method is t h a t  bounds may not exist  around missing responses, 

specifically, when endpoints (month ( 1 )  and/or month ( 1  2)) of the record a re  missing. 

Two solutions t o  this problem are examined. The f i rs t  solution is t o  substitute the 
P 

with m e t ic  m ean of t he  record's com plete responses, ( 1 x ) / p , where p is the 
i = 1 

number of reported responses, into t h e  endpoints whenever one or  both endpoints of the 

record is missing. The second solution is t o  substitute t he  with metic m ean of t he  two 

nearest values for  missing endpoints. Numerical comparisons of both methods a re  

included with all other  resul ts  a t  t he  end of this report. 

Ea ultiplicative S m oothing basically conform 3 t o  the sa me principles a s  Arith m e t ic  

Smoothing with the  difference t h a t  t he  geometric m @an of a missing interval% bounding 

responses is e m ployed, and equal m ultiplfcative subdivisions w e  allocated t o  missing 

values in an interval of missing responses. That is, fo r  Multiplicative Smoothing we 

determine the  quotient of t he  bounding reported values of the missing interval  and base 



our  imputa t ion on t h a t  value. For t h e  genera l  case  l e t  r = (x l  ,..., x, 2 )  be a longitudinal  - 
record of amounts  and l e t  x m  deno te  a missing response Sound below by xi and above by 

( 1 )  C o m p u t e k  =j-i 

(2 )  Compute q = ( x  . / x i  ) 
1 / k  

J 

Then (3) x m = x , * S  ( m -i) 

k Note t h a t  x .  = xi q . 
J 

The t w o  a e thods  used t o  c o r r e c t  f o r  missing endpoints on a record corresponding t o  t h e  

s i tuat ion f o r  Arithmetic Smoothing were,  (:) use t h e  geometr ic  m e a n  of t h e  record's  
P 

comple te  responses,  ( ll x ; ) ' I p  , and (2) use t h e  geo m e t r i c  m ean  of t h e  nea res t  two  
values f o r  any m issing k d p o ~ ; t s .  

it should be noted t h a t  !? ult ipl icative Smoothing of amounts  of wages and sa lar ies  and 

Arithmetic Smoothing o f  ttie logari thm of  amounts  of wages and sa lar ies  give ident ica l  

results .  The following shows t h e  relat ionship between t h e  t w o  procedures. 

The basis f o r  Multiplicative Sm oothing is t h a t  f o r  s o  m e m issing in te rva l  ~f length  k 

bounded below Sy xa and above by xb,  and with x m  missing in t h a t  i n t e r a l ,  

( a  5 m 5 b ) ,  

( 1 )  x m  = x q ( m - a )  where q = ( x b /  x , )  
1 / k  

a 

Taking t h e  logar i th  rn of (1 ) gives 

and by s e t t i n g  ya = log  xa and y , = log  x rn we g e t  

l o g  x - l o g  x m a (3) l o g  q = - - -  - - - - -  - -  - -  - -  - 
( m - a )  



Y m -  Ya = - - - - - - -  
( r n - a )  

Let t ing log q equa l  d and subst i tu t ing i n t o  (21 we obta in  

(4) yrn =y,+!rn-a)d  

which is t h e  Sasis fo r  Arithrn e t i c  Smoothing a s  discussed above. 

I V .  C O M P A R I N G  THE PROCEDURES 

There ane severa l  questions ts be addressed when anaizying t h e  e f fec t iveness  and 

eff ic iency of an  irn putation procedure ,  and by focusing on these  questions partictJiilar 

i rn putat ion procedures  can be  identif ied t h a t  m a x i a i z e  t h e  desired end resul ts .  The f inal  

decision as t o  which imputa t ion  s t r a t e g y  is bes t  t o  use f o r  par t icular  survey i t e m s  must 

r e s t  with subject-m a t t e r  specia l is ts  who a r e  famil iar  with t h e  sub jec t -mat te r  of  t h e  

survey,  t h e  questionnaire f o r  m , and t h e  underlying t a r g e t  population. In th i s  r e p o r t ,  we 

present  a nu rn ber  of descr ip t ive  s t a t i s t i c s  f o r  e a c h  of t h e  procedures  described above.  

These can  be  com pared agains t  one  ano the r  and se rve  a s  a basis f o r  a n  informed decision 

a s  t o  which procedure is t o  be  preferred.  In genera l ,  t h e  questions t h a t  must be 

addressed a re :  

(1 ) What does  a complete ly  repor ted  d a t a  record look l ike?  B it typically 

r epor ted  consistently,  e r ra t i ca l ly ,  in par t icular  pa t t e rns ,  o r  does  it 

follow so m e distr ibution? 

(2) What a r e  t h e  i m puta t ions  expec ted  t o  accom plish? Should t h e  derived 

i m  puta t ion rese m ble t h e  repor ted  d a t a ,  i m ple m e n t  a presu m ed 

relat ionship,  o r  s m 00th over  t h e  m issingness? 

(3) What c r i t e r i a  should b e  used t o  eva lua te  and compare  methods? 

The d a t a  f o r  wages and sa la ry  are a t  times repor ted  consistently ac ross  a 1 2- m on th  

period, r epor ted  erra t ica l ly  o t h e r  t i m e s ,  and may o r  may not  follow a par t icular  pa t t e rn  

of responses based on ISD P waves ( the  3-month i n t e r v a l  t o  which a questionnaire 

refers) .  Ideally,  t h e  o p t i m a l  imputa t ion procedure would adhere  t o  p a t t e r n s  of 

consistency o r  er ra t ic ism of t h e  r e p o r t e d  d a t a  f o r  e a c h  individual person record.  



As discussed in Sec t ion  11, we start with c o  m p le te ly  r e p o r t e d  long i tud ina l  r e c o r d s  a n d  

t h e n  blank o u t  r e sponses  conforming t o  missing p a t t e r n s  f rom a set of  l ong i tud ina l  

r e c o r d s  having  nonresponse.  We t h e n  i m  p u t e  f o r  t h e  induced  nonresponse  and  c o  m p a r e  

t h e  i n p u t e s  with t h e  o r ig ina l  va lues  t h a t  were  blanked o u t .  These compar i sons  fwn! t h e  

basis  of 3u r  analysis .  As n o t e d  e a r l i e r ,  no rma l i t y  a s sumpt ions  are n o t  s u p p o ~ t e d  by t h e  

d a t a ,  and accord ingly ,  t h e  ana lys i s  is nonpa ra  m e t r i c ,  

We l e t  

+ h 
be  t h e  i b  c a n  ~ i e t e l y  r e p o r t e d  r e c o r d  P o  m a set o f  N r e c o r d s ,  and  we a s s u m e  t h a t  f o r  

s o n e  month j, j = 1 , I  2, x. . was blanked ou t .  We t h e n  h a v e  t h e  fol lowing:  
1J 

X - - The a m o u n t  o f  wages  and  salaries f o r  t h e  jth month o f  t h e  
i , J  

i:h person r e c o r d ,  

x . =  Im pu ted  va lue  of  xi fro m s o  me i m  pu t a t i on  p rocedure ,  
, J  

r = x . / x i , j + , ,  and 
i , j  i , J  

r 
i , j  

= x / x  where  a t  l e a s t  o n e  of  xi o r  xi j+ l  was i n  puted .  
i , j  i , j + 1  

The ana l j r t ica l  va r i ab l e s  c o  m pu t ed  and  e v a l u a t e d  f o r  e a c h  i m  pu t a t i on  m e t h o d  are 

Note  t h a t :  
1 

(a) x - x r e p r e s e n t s  t h e  d i f f e r e n c e  b e t w e e n  o r ig ina l  va lue  and  impu ted  
i ,j i , j  

value, 



A 

( b )  ( x . - x ) / x i  . represents t he  relative difference, i J j  i , j  I J  
(c) r . - r  

i I J  i , j  
represents t he  difference between t h e  ra t io  of adjacent 

months when one was i m puted, and 
4 

d ( r .  . -  r 
i , j  ) / r , measures the relative difference of these ratios.  

1 I J  

The s tat is t ics  we w i i l  use t o  examine these analytic variables a r e  

where n is t h e  t3ta.l namber of cases  for  which ci t 0 and 

V. O B S E R V E D  RESULTS O F  T H E  COMPARISONS 

Table 1 contains nu m erical com parisons fo r  analytical variable 
* 

c .  = x  . - X 
i J J  i J J  

. The seven imputation procedures a r e  listed horizontally and 
i , j  

t h e  four derived s tat is t ics  used for  evaluation a re  l isted vertically. If one of t he  

sm oothing i m  putation methods has a ( 1  ) appended t o  its na rn e ,  t he  m ethod substitutes the 

mean of a l l  reported months for  missing endpoints of a record; i f  a (2) is appended t o  t he  

name of t h e  procedure, the mean of t h e  two nearest reported values a r e  substituted for  

missing endpoints. Table 2 presents t h e  nu merical resul ts  for t he  analytical variable 
A 

C 
i , j  - ( x i  l j  - x ) / x i  

i , j  
and is s e t  up identical t o  Table 1. In beth Table 1 

j 
and Table 2, n = 31 83 in calculations of S, t l rough S4. Tables 3 and 4 contain, 

respectively, the numerical results for the two analytical variables 
CI A 

c . =  r - r and c = r -  r ) / r i  . In imputing S1 and S4, 
i I J  i , j  i , j  i ,j i ,j j 

n = 2820 and the  table formats,  for  Table 3 and 4 follow t h a t  of Tables 1 and 2. 



(a) Tables 1-4 

In examining numerical results presented in table 1 ,  it appears t h a t  the Arithmetic 

Smoothing ( 1  ) m ~ t h o d  and the iogwithmic Iterated Buck n ethod both perforn well uhen 
A 

using c = x . - x . a s  co in parison criteria.  The su m and m ean of t he  ci  j's are 
i j  i , j  i , J  

closer t o  zero for the Arith m e t ic  Smoothing method than a l l  other m ethods, and the  su m 

of squares and variance of the  c . I s  a re  closer t o  zero for  t he  Logarithmic Iterated Buck 
i d  

m ethod. 

Results f ro m table 2 indicate t h a t  t h e  Multiplication Smoothing (1 ) m ethod performs well 

a s  criteria.  The sum and mean of the c .  . I s  a r e  closest t o  zero for the Multiplicative 
1J 

S m oothing ( 1  ) m ethod. The C ube Eerated Buck m et'nod has the  s 3 allest su m of squares 

?f the  cijls and the Logarithmic Iterated Buck method has the smallest variance. 

Results In both Tables 3 and 4 using 

?esPeCtively, a s  co m parison criteria,  indicate tha t  the C ube I terated Buck method 

performs bet ter  than a l l  other  methods for  t he  su m , su rn of squares, mean and vaniance 

of t he  ci 

For each of t he  analytic variables, t he  bet ter  a procedure simulates an aspect  of missing 

data ,  the closer t he  relevant derived s tat is t ic  (either S1,  S2, S3, or S4) w i l l  approach 

zero. One initial reason for  carrying out  this study was t o  determine whether the  

Iterated Buck method is a be t te r  imputation procedure than its counterparts,  the 

Logarithmic Iterated Buck and the  Cube Interated Buck. 

The most decisive finding in this study is t h a t  for every derived s tat is t ic ,  the  

Logarith mic Iterated Buck m ethod outperfor m ed the  Iterated Buck method. Using the 

logarithm of wages and salary ra ther  than actual  amounts provides a two-fold 

i m  prove m ent  over the  Iterated Buck procedure by eliminating negative i m  putes and 

increasing the  accuracy of the imputes. Moreover, in  every s tat is t ic  except  t he  f i r s t  and 

third on Table 1 ,  Cube Iterated Buck outperformed ne ra t ed  Buck. From these 



observations, it is clear  t h a t  be t te r  resul ts  a r e  obtained using the  Buck Procedure with 

transfor m ed data.  

Results co m?aring the  Logarith mic Iterated Buck method w i t h  the Cube Iterated Buck 

method a re  mixed. In Tables 3 and 4 Cube Iterated procedure performs bet ter .  Most 

often in Tables 1 and 2, the  Logarith mic Iterated Buck procedure does bet ter .  A l l  in all ,  

the  results a r e  close. One interesting observation is t h a t  for  the s tat is t ic  

the  Cube Iterated Buck procedure fa r  out perfor ms a l l  other procedures; t h a t  is ,  it see  ms 

t o  do well for  scaled residuals. On the  other  hand, fo r  the s tat is t ic  

t he  Logarith mic Iterated Buck procedure does best of all. For the  las t  two analytical 

s ta t is t ics  presented in Tables 3 and 4 the Cube I terated Buck procedure outperfor m ed all 

other i m  putation procedures for  each s tat is t ic  calculated, with the Log=ith mic Iterated 

Buck procedure a fairly close second best. 

Ari th  m e t ic  S m oothing ( 1  ) and Multiplicative Sm oothing (1 ) are virtually identical on 

co  m parison and outperfor m their counterparts Arith rn et ic  Smoothing (2) and 

Multiplicative Smoothing (2) t he  majority of t he  t ime. Logarithmic Iterated Buck and 

Cube I terated Buck do a Little bet ter ,  all in all, than the  smoothing techniques. How ever,  

t h e  ease in implementing either of t h e  two smoothing techniques may strongly argue in 

their  favor. - 

(b) Figures 4-1 1 

In Figure 4 we present a histogram of t h e  amounts of reported wages and salaries t h a t  

fa l l  h t o  t he  range $0. t o  $5,000. Histograms of values produced by each of t he  seven 

i m  putation procedures appear in Figures 5 through 1 1.  

Histogra ms of t he  da ta  completed by the Logarithmic Iterated Buck m ethod in Figure 6 ,  

Cube Iterated Buck method in Figure 7, Arithmetic Smoothing (1) in Figure 8, and 

Multiplicative Smoothing (1) in Figure 9 look very much alike and also appear t o  



reasonably rese  m ble t h e  t r u e  d a t a  in Figure 1 .  Although histogra m s of Arith m e t i c  and 

:.i uit ipl icative Sm oothing ( 2 )  i n  Figures 10 and 1 1 look SCI me what s imi lar  t o  t h e  t r u e  d a t a ,  

t h e r e  appears  t o  be  sl ightly more grouping of t h e  d a t a  than  in t h e  repor ted  data .  

Overail,  t h e  i n p u t e d  d a t a  s e t s  f 3 r  a l l  procedures e x c e p t  t h e  I t e ra ted  Buck procedure 

appear  t o  e m u l a t e  t h e  distriblltion of t h e  repor ted  d a t a  very well. 

The d a t a  fo r  th i s  study were not  edi ted .  However one  extne  mely l a r g e  value f 9 r  monthly 

x a g e  and salary amount  was dele ted  a s  a n  obvious e d i t  fa i lure  a s  it caused so me 

problems in obtaining informat ive  graphs of t h e  d a t a .  Unbounded his tograms were 

produced but offered very l i t t l e  e x t r a  infor mation s o  were not  included he re .  

( c )  Figures 1 2- 1 8 

Figures 1 2  thru  18 prssent  s c a t t e r p l o t s  cf t h e  repor ted  a mounts of wages and sa lar ies  

versus imputes  obtained P o  m e a c h  of t h e  i n  putat ion procedures in  t h e  s a  m e o rde r  a s  the  

histograms a r e  l i s ted .  The more Linear t h e  relat ionship t h e  b e t t e r  t h e  imputa t ion 

procedure is in  simulating t h e  repor ted  d a t a  on a month-to-month basis. Idea l l j ,  we 

would l i < e  t h e  s tandard e r r o r  of  t h e  estirn a t e  

t o  be  smal l ,  t h e  i n t e r c e p t  near  zero ,  and t h e  s lcpe  close t o  one. Here, t h e  index 

represen t s  any month f o r  any record  when a wage and sa lary  r e p o r t  xi r ece ived  a n  

i n  pute. The corre la t ion and R-square values which measure t h e  relat ionship between t h e  

values and t h e  goodness o f  f i t  of t h e  l inea r  model, respect ively ,  should approach one f o r  

t h e  best  method. The s tandard e r r o r  of t h e  e s t i n a t e ,  in te rcep t ,  and slope of t h e  l inear  

relat ionship l i s ted  a t  t h e  bottom o f  each  s c a t t e r p l o t  dll appear  b e s t  overa l l  f o r  t h e  

Logari thmic I t e ra ted  Buck procedure,  Figure 13. The I t e ra ted  Buck procedure g ives  a 

negat ive  i n t e r c e p t  a s  a r e s u l t  of  negat ive  i m p u t e s  and t h e  s t andard  e r r o r  o f  t h e  estim a t e  

is t h e  l a r g e s t  of  all t h e  methods. S ta t i s t i c s  f o r  Logari thmic and Cube E e r a t e d  Buck 

procedures c o  m pare  favorably t o  e a c h  o the r .  Sca t t e rp lo t s  o f  t h e  Ari thmet ic  and 

M ul t ipl icative Smoothing (1 procedures  basically have t h e  sa m e s t a t i s t i c s  and both have 

smaller s tandard e r r o r s  and i n t e r c e p t s  c loser  t o  ze ro  t h a n  I t e r a t e d  Buck. Arithmetic and 

Multiplicative Smoothing ( 2 )  have t h e  worst slope and i n t e r c e p t  but  t h e  bes t  f i t  based on 

t h e  R-squared value. 



(dl Figures 19-25 

A 

Histograms of scaled residuals, t ha t  is,  ( x . - x ) / x , are presented in Figures 
9 J  i , j  , j 

19 thru 25. The imputation procedure used to  obtain the  imputations is b t e d  a t  the  top 

l e f t  of each histogra m . The Iterated Buck procedure and the Logarithmic Iterated Buck 

procedure most often overestimate t-ue values and a l l  s f  the smoothing techniques 

underestimate t rue values. How ever, the Cube I terated Buck procedures provide 

underest inates  more often than any of the  ot'ner techniques. This is determined by 

counting the  number of negative scaled residuals in each of Figures 19 thru 25 and 

comparing them t o  the  nu m ber of positive scaled residuals. The smoothing techniques 

tend t o  spike around zero, indicating tha t  these procedures exactly est imate reported 

a mounts more often t h a t  the  Iterated Buck techniques. 

(e)  Brief Su rn m wy of Observations: 

Based on the  s tat is t ics  generated a s  par t  of this analysis, the  four procedures t ha t  appear 

best a re  Logarithmic I terated Juck, Cube I terated Buck, Arithmetic Smoothing (1 )  and 

Multiplicative S m oothin?; (1 1. The residual sum of squares presented in Table 1 ,  Row 2, is 

a traditionally used corn parison criterion, and based on this s ta t is t ic ,  the  Logarithmic 

Iterated Buck is t he  best procedure. When examining histogra ms of data corn pleted using 

each of the imputation procedures t o  t he  t rue  da ta ,  Cube I terated Buck, Arithmetic and 

Multiplicative Sm oothing (1 ) appear almost a s  good a s  Logwith mic I terated Buck. Otner 

s ta t is t ics  provided in Tables 1 thru 4 indicate t h a t  each of the four m ethods a re  favored 

by different criteria.  The issue is t o  choose comparison criteria t h a t  address specific 

needs of t he  data  problem a t  hand. Survey-specific needs should be brought t o  bear in 

assessing the merit of each of t he  procedures discussed. 

VI .  C O N C L U D I N G  R E M A R K S  

Of the  imputation procedures examined in this  report ,  the  Logarithmic Iterated Buck and 

Cube Iterated Buck outperformed the  Iterated Buck procedure. Of  the  smoothing 

techniques, Arith m e t i c  S m oo thhg  (1 1 and Multiplicative S m oothing (1 1 outperformed 

Arith m e t i c  S m oothing (2) and Multiplicative S m oothing (21, respectively. A l l  I terated 

Buck procedures must consider a sample of cases with misslng values t o  derive 

parameters for  imputing fo r  nonresponse. Both smoothing techniques need only consider 

one record a t  a t ime and bounding values when deriving an  imputation fo r  nonresponse. 



A variety of sum mary s tat is t ics  a re  presented. One conclusion t o  be drawn from this 

simulation study is t h a t  the "sin ?lev i n  putation procedures, i.e., the  Arith metic and 

Multiplicative S in oothing procedures, work quite well and the additional cost and 

co m plexity of using the more co m ?licated procedures, i.e., the  Iterated Buck procedures, 

may not be worth the  effort .  

D-I this report  we did not add variability t o  the i m  putes in t he  form of a residual. To the  

extent  t ha t  this  is a co m parative study, we fel t  adding residuals could be o nt i t ted st this 

stage. O f  course, in implementing any one of these procedures, one may add some 

random components. Variability can be computed Pom the  ent i re  data s e t  and added 

into each i n  putation or corn puted on a record-by-record basis where the varisSUty 

added t o  the imputes for  each record is based on the record under consideration. An 

al ternate  form to adding variability on a record-by-record basis is to  split the  data  file 

into two or more groups of records. One group might contain cases t h a t  report  

consistently over t ime and the  &her group might contain errat ic  data  reporters.  The 

variability added t o  each record will be determined by the  group in which the  record lies. 
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FIGURE 7 

HISTOGRAM OF DATA COMPLETED BY IMPUTATION 

cuar ITERATED BUCK 

c ~ u n  momrwr ou srmr raws wwoxInrrrrr 1t.00 a u a a w c s  
397 5@.@@ ra~rrmmammmrmmmammaamamaammmmmmma 
5 150.00 rmmmmmmmammmammmaammmmmmmmmmaaammmmmamamaammmaW 
546 250.00 amammmmmmmmmammmmmmmmmmmmmmmmammmnmmmmamaammmn 
3 350.00 mmammaaaammmnaamaamwmanamammaaama~ammammamaaa 
500 450.00 ammmmamammmmmammmmmmmmmmm#mmnmammaammaa&rr  
424 550.00 m a a m m m m a a m m m a a m m a m a m m m a a ~  * - IMPUTED AMOUNTS 
655 650.00 r m m m a m m a m m m m # a m b m a m m m m m m m a m e m m m m ~ a m H H )  

ios 
11 3 
11s 

96 
72 
37 
7 9  
36 
2 4  
2 2 
35 
25 
22 
14 
18 
16 
15 
2 s 
21 

5 
14 
4 
9 
1 
6 
7 
1 
9 
0 
9 s 
L 
B 

. s 
4 
8 
& 



* C 000000000000400000000000000000000000000000000 0000 
k4 3 9999999399599339~9999999499939999339399~393939  4393 , 

ooooooooooooeooooooooooeoeoooeoooeooooooeooooe 0 0 0 0  0 E ~m.rrlnmmm**ln**m~m~mmlnlnlnam~m~lnlnmrr~m~mlnLncnm*mmmcn*~Ina~ln~ a o H W I ~ J ~ ~ ~ ~ * O * N ~ ~ ~ ~ ~ C Q ~ O - N ~ ~ C ~ ~ ~ Q O O I N C ~ ~ *  - o * o ~ N ~  C O O  
- - - L c I ~ ~ ~ ( ~ N ~ N ~ u ~ ~ N N w o ~ ~ ~ ~ ~ ~ c ~ c ~ ~ J + ~ ~ $ ~  S +I* 











I
t
t

i i i !: ! ! i: !:
i i ; ; i i i i i i 'r 

sl
.  .F ' . - t s . r r . t s r . r r r r . r . . , t r . i t  f t t r ta ; t : l t - ' t r | r ' r r . t lF t  tF t l t t - - * t ' !  3 !
r i '  .  r  .  i3  9?.

e i  .  I  i  i  i r  ;qi -- i  '  I
Ei- 

- ' | , i 
t '
i 3
? i!i i ' i i ia ,,,El E i i I: .gi i '  i " i :? ti
I  r t  < l t5 i .  I  r  F ' -  i  - i

3i' 
'.t"-. 

i 
.i ie i:r

d?r ., . .- i . i i: *iE E
:i- :; r 

"-! 
. '' :i ----ii

Eii-------- l - t . . ---31:-3-3!--r ' t t t r t - l  
t - -- t : ' l rFtsF rxrrxx i  7i  g

Eii ! i-t ,r ' i  i l  ?l :A:i 
- I 'o.. '. . '  i  i i  i i . IEsi 'i ::i: 

' 
i l; 

-'i. .,
a?l ' i ' I3'-3" " i lg EFFi 

i. .s"-r. i , i; Eg ' i  i -  . 1 , .  r  i  i ;  E

lei i .:t*;.: i ' r i: ,,i g
3nl i -il'-Fll.i i 

- 
,- l: ":i ;tei 

i ..' -l=itiiiint=-:-.-:--- l: ff: ;
i l 

-----.rrr-Er.:----i -r l----. .-;i ii !i i:--te-':::-------l : ;=: =

;i ' I ,: ri.':$liiti:;i,":." ii =-rE I
:i - i !' ,i I .i-iilFE3;i;; ; *ii at i
! i  '  "  I  " ' r ' :

;i - i . .' l',i ii::illaiiil*l'--ii3 il iii i i::fiilillliik,, i: il ;
Fl i i'"t:.EiniE*i;i:-? i ' i ".iiA$*EIlii i  . t  i  .  r  i r  

- i i13El l i : i -  
, , ,;i E 

i i- ---io-liiiflilii= :Fi
? . - - - - . r | H r . t . - - - - . - l - x . t t r r . ! l ? r ' F F t  

o x x i r o r t l t ' ! " t s t s t r t F E - -  -  
' -  : 9 b J

Ei i i i i I i i I F i3==

ie E E A i i i.; i ; : :=i:
6

I

t
t
l c r .
l2

F-g
14,
TA. H

a-
,- Oa

l :3
- E l ' r

d t l

r= =
o
E

la
I = .

*
v

la
T/

I
I
t
I
t
I









1 0  
In 
u) 

f 3  - 4 > 
O C  
-DO 
a w u  

$3 
vr- U z x m - u  

at* 
-Mu) 

w a  

: ir! *- 
U 4 J O  
MdGKY 
C Y Y C  

C Z 0 6  
w 0- -, 
4 u c 9 0  





\ AMOL- 'T- P B L T E  
AMOUNT 

H I S T O G W  OF SCALED D I F F E ~ c E s  
TERATED BUCK 2 wuht  HI d p o i  nt 

1 C! - 7 ,  \ \ \  
-1.675 \ \ \  I : -1.625 \ \ \  

10 -1.575 \ \ I  
-1.525 \ \ \ \ \  
-1.47s \ \ \  

1 0 -1.425 , \ \ \  - 
-1.375 ? \ \ \ \  - 19 
-1.325 \ \ \ \ \  
-1.275 \ \ \  

14 -1.225 \ \ \ \  
14 -1.175 \ \ \ \  I 21 . -1.113 \ \ \ \ \  
14 -1.075 \ \ \ \  
29 -1.02S. \ \ \ \ I \ \  

- .975 \ \ \ \ \ \ \ \  - - 
15 0.925 \ \ \ \  
-9 
-, - -.8?5 \ \ \ \ \ \ \ \  

0.825 \ \ \ \ \ \ \  
Z b  -.77f. \ \ \ \ \ \ \ ,  
4 'I. - .725, \ \ \ \ \ \ ? I \ \ \  

- .L75 \ \ \ \ \ \ \ \ \ \ \  
4 t  - . 625  ' $ \ \ \ \ \ \ \ \ \ \ \  
4= - 3  \ \ \ \ \ \ \ \ \ \ \ \  
bt -a525 \ \ \ I \ \ \ \ \ \ \ \ \ \ \ \ \  I =- dd O.475 \ \ \ \ \ \ \ \ \ \ \ \ \ \  
61 0.425 \ \ \ \ \ \ \ \ \ I \ \ \ \ \  
t 2  0.375 \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \  

-*sL"CJ . . . . . . . . . . . . . . . . . . . . .  
81 0.275 . . . . . . . . . . . . . . . . . . . .  

103 -.225 . . . . . . . . . . . . . . . . . . . . . . . . . .  
11.5 0.173 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
172, -.I25 \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ I t \  
192 -.075 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.-.Of% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
194 . O X  \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ '  . \ I \ \  
1 7 4  7 \ \ \ \ I \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \  
141 1 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

el75 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 03 ,225 \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \  
5s ,275 \ \ \ \ \ \ \ \ \ \ \ \ \ \  

,523 \ \ \ \ \ \ \ \ \ \ \ \ \ \ \  
48 ,375 \ \ \ \ \ \ \ \ \ \ \ \  
26 ,425 \ \ \ \ \ \ \  
19 a475 \ \ \ \ \  

,SPJ \ \ \ \ \ \  
2z .S75 \ \ \ \ \ \  
13 m 6 =  t \ \  .** -. 

m 6 7 s  I\\\ - 
11 .725 I\\ - 

mns \ \  6 I 19 -825 \ \ \  
7 ,675 \ \ 



F1GURE 20

HISTOGRAM OF SCALED DIFFERENCES
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