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T, SIMULATING MISSING DATA PATTERNS

~welve-month longitudinal Zzata extracted om  the 1t’979 I3DP Income Survey
Development Drogram) survey were used in this study. These data were entered into a
SIR (Scientific Information 2etrieval) datadbase, rom which fixed-format simulation data
files were extracted. Subsequent manipulation and evaluation were performed using
special purpose TARTR AN programs and the 2pSS-X statistical package on a Univac

1 _100 and IBM-XT at the Bureau of the Census.

For this study, missing cata were s:mulated using records on whnich tne variable of
interest was completely reperted, and £5r tecnnical reasons records with zero responses
cap the variadle of interest W<ere excluded. We tnen nad the original values for the
nissingness simulated I Ine cg whnich we use later in analyzing the properties cf

imputations obtained by tne selected inm putation methods. The continuous variable used

in the study is wages and salary. The following indicates the simulation procedure used

+o induce missing <ata onto records.

) Nefine & longitudinal ~ecord for wages and salary to be a person record of

responses to the question: ‘nhat were your wages and salaries for month Jj,

j=1, 12in 13737 Denote the response by wage (), j=1,12.
! 2 2 4 3 6 7 8 g 10 11 12
gk
g_x_:_wage(j): 100 00 150 ‘45 120 200 150 200 100 100 150 175
Longitudinal record

(2) Randomly select 500 person records for persons, age 2 16, with at "east one
missing response, i.e., wage ) = -1 for some j, and at least or ¢ complete
response, i.e., wage (§) > 0 for some j. (The value "-1"is a place h. der for a

m issing response.)

3 .
E_)g_:_Wage(j): 100 10C =i -1 -1 100 100 100 150 150 150 150



I. INTRODUCTION

Missing data for longizudinal surveys occur in a variety of patterns which can De sorted
and categorized into different classes of missingness depending on the survey unit. For
this study, the survey unit is z person. Therefcre the missingness that occurs in the data
can be person ncrﬁr‘esponse, «neredy ns data are available for a person at any giventime
ceriod in the survey, resori-tyose nonresponse wherfe an ént‘;re module of related data for
a person is unavailabls, znd item nonresponse In wnich data are missing sporadically
throughout the person recorc. rfor tnis stucy we focused on record-type nonresponse for
a single continuous variadble. - is important that this type of nonresponse be addressed
as it cccurs generously Tarougnsut 2 .ongitudinal survey. aAlsc, simulation of record-type
nonresponse provides reasonadly sized data files to study and manipulate. T isimportant
to note that the technigues investigated can be employed to compensate for both item
and record-type nonresponse.

The objective of tnis study is :tc evaluate seven different methods c¢f imputation for
continuous data in a longitudinal survey. The methods compared are described below as

are the proceaures TC 2Cm

RO

are them. In our comparisons, Wwe employed & variety of
sum mary statistics and grapniz tecnnigues. The particular findings are detailed in the
body of the text and a numbef of graphs and tables are included in the Appendix to
support these findings. No information was observed LO support any assumptions of
normality in the data studied, and the analysis proceeds using a variety of nonparametric

techniques.

In Section II we describe the data used in this study and discuss how it was used. In
Section III we discuss each of the alternative imputation strategies that are compared
against one another. In Section IV the methods used to compare the gjif'f‘er'ent procedures
are described and the results of our analyses are presented. Findings are sum marized in

Sections V and VI, and an Appendix contains the tables, graphs, and summary statistics
used in our analyses.
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Zelect  approximarely 2,000 cersen records with complete
rasponses for every

monta Y, i.e., wage ) > 0 forall =i, "L

N e - - b . ~
- Tnduze Tne issing pattern from 2 recerd o rthe set (2) onto a
£~
regers Tor 2
sz mplete respeongsnt In seL 50 oY 3 nearest maten

-rocedure. That is, let X, .=wags 3% for some case n from

g
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sarsz set .2, and .2t Y. . = wWwage ) forsome caseifrom data
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set 73), 3nd find therecord Y. in tne sel i) Yo minimize:

!/ 4 D <
(\H,J, - 7 1,5 .
i ah P e A mied
e ser Xing,~¥igy = J for Xnyjs missing.

N PN :

Ane then induces tne n°° Tissing fata gattern from .2, SnLo tne i 2411 respondent in (2)
5 obtain 30C simulatec cerson records Witn missing wave respcnses. I all, 410 unique

complete respondents were ised simuiating the 00 reccrds wWith :nduced missing

responses.
—rr Rl R nk VR e oA memAaL TDE A, SRS T
™, SEVENIMPUTATICN PECCzounRLS

The seven imputation proceiures exa mined in tnis study zre described Selow. The first
chree employ regression-type techniques wnich utilize the entire data set to 1) model
the missingness that cccurs in the entire set of data and (2) derive model-based imputes
for the missing values. The last four procedures implement averaging techniques in
which only data for the chr’r‘ent case are used in determining an impute for a missing
month's value. The regression-based imputation procedures: Iterated Buck, Logarithmic
Tterated Buck, and Cube Iterated Buck; and the four averaging techniques: Arithmetic
Smoothing (1) and (2) and Multiplicative Smoothing (1) and (2) were tested and evaluated

on the simulated data set described above.

(a) Iterated Buck Technigues

The Terated Buck procedure is a sequential regression technique that estimates

regression parameters, derives imputes based on these parameters, and repeats this



process until the sequence of estimated parameters converge. For a detailed description
and derivation of the Tterated Buck metnod the reader isreferred to papers by S. F. Buck
72] and Beale and Little {!] oertaining to missing values in multivariate analysis. The
important thing to rn:te r: e is that Iterated 3uck iz an TM-Algoritnm that ~ives

maximum likelihood estimates of the population parameters when there is the assumption

that the data have 3 multivariate normal distribution.

However, no distributional assumption cf normality of the data is justified here, 2s
indicated in Figures 1-4. Histograms of tne residuals, ocserved value - imputed value,
for Iterated Buck, Logarithmic Iterated Buck and Cube Iterated Buck are oresented with
a normal overlay represented Dy the dcotted line on trne histograms. Tomparing the LwWwo
distributions in each of the histograms suggests that a nor mality assumption for the data
is unjustified. Zven in the adsence ol normalily the Terated Ruck method can be used to
derive imputations. of course, since the data are not normal, our analysis wﬁl proceed
along nonparametric iines, and considerations especially appropriate to normal data will

not be addressed.

We now describe the steps involved in the Iterated Buck procedures. Assume for a set of
n th

th

. . . . .4-
N observations and n variables that X*J represents the value of the b

,ee,n and i=1,..,N. Let m. denote the sample mean value of the

-

variable in the i
observation for

variable over all complete observations and u,, denote the sample covariance between

J’k.
variables mj and m, over all complete observations. The Iterated Buck method uses mj
and uj,k Lo compute:
1 Xy = Xy g if X4 3 is observed
a linear combination of the set of variables observed in the ith
observation, otherwise
(2) ci,J,k = partial covariance of mJ and my if Xi.j and xi,k are both
unknown
0, otherwise
3)  «x %‘
3 X, = x, /N,
. i=1 4
N



. X s = A 1K/(N“",\ and repeat (1) thru (4) until there are no further changes
- ~ -
‘n m. and 4.,. The term 2. ., 8 3 2crrection term forotne Sias tnat would normally
. NELS IPUPTS
occur in tne formaticon of 2. . The procedure is appled o a longitudinal record for the
¥
yariaclis ~ages and S2137ieS Y SSLUNZ XK. = A M T/i3) for person record £, i=1,N and month
- -
ke . Rviol i
i, 3=1,72. Finstead %. . = 10ga M Ti-,j}, fsp tne 1Y cerson record ana (7t month, this is the
-
~oas0n Wa omitted records fontaining Iero responses, ine resulting zlzoritnm is called
che Logarithmic kerated 2uck. After the algoritnm is satisfied, s s istransformed back
s
©2 original zmounts zad 2orresponding imeytes, Iy using the LTgaritan of amounts of

4ages and salaries cne reduces the impact of skewness in tne data and avoids the

A & - - i - N T3 am T <. e - « -

arosle ™ F zenerating nagative .mputes. 3imilarly, Cube Interated EuCK ODerates on Xy

r = = ] ’ * 1
C IR

g e T2 i e . e ~ . - ——m

= AMT IgH mTil olmseness orizeriz are met., The X . 3¢e Wanslo ormed back tO

-
sriginzal vallies and Irresponiing Lmputss.

%) Smocothing Procedures

The -wWwo0o averaging <2cnnicues 2xaminel nere are «srmed Aritametiz Smoothing and

Multislicative Smootning oSecause the impules are ~ased cn the arithmetic mean and

o)

geomerric mean respeciively.

pitnmetis Smogtning sssentizlly 3110Cates an equal additive susdivision <o each missing
value which depends on the length of the interval of missing values in the data record and
the reported values cn either side of the missing data. for example, suppose March,
April, and May values for variable X, denoted xrnJ’j = 3,5, were missing for a particular

record. Then the record looks like the following:

.,
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x>
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Cy
=
w
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bl
(o)
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missing interval

We determine the difference in the bounding reported values of the missing interval and

divide by the number of subintervals to arrive at



We then add d to X, consecutively to odtain imputes for x , X and x . EXp itly,
< " ! ,3 n "J m ,5
N L=y + 4
g2 = %2
< = + 24
f&m ’4 X: G
= + 2
X 5 X5 2d .
Tor the general Ccase, 18T ¥ = (K, eueyXs 2} De a longitudinal recerd ¢f amounts. Suppose X,

i3 a missing response bound teiow DY X, and above by X..
- )

\ ’

N - ! - A
then V5 X:n X +.m~1,0 .

Note that %x. =x. + K+*d .

One ¢difficulty with this method s that sounds may not exist around missing responses,
specifically, when encpoints .montn (1) and/or montn (“2)) of the record are missing.
Two solutions to this problem are examined. The first solution is to substitute the

2
arithmetic mean of the record's complete responses, ( Z x.l),’p , where p is the

o
number of reported responses, into the endpoints whenever one or both endpoints of the
record is missing. The second solution is to substitute the arithmetic mean of the two

nearest values for missing endpoints. Numerical comparisons of both methods are

included with all other results at the end of this report.

Multiplicative Smoothing basically conforms to the same principles as Arithmetic
‘Smoothing with the difference that the geometric mean of a missing interval's bounding
responses is employed, and equal multiplicative subdivisions are allocated to missing
values in an interval of missing responses. That is, for Multiplicative Smoothing we

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



Jur imputation cn that vaiue. I or the general 2ase let r = (X, ,...,x42) be a lengitudinal

record of amounts and et x_ Zencte a2 missing response bound telow oY X and aoove by

i
“
PN ~ R i
7 LOmDUte £ = 0L
<
ok RN e ’ C /K
£, .omoute 0= X, X..
> Z
Y AT
.aen b .. =¥ *« 2" .
A o+ p — <
«Ote tnat K. =X, ¢+ I,

bl .. 0 - - & ~ - = 1 -~ 1 55 1
INE TWNT mAtnCos usel T corret fIr mISSIng SnCCcints onoa recers corresponding to the

situazion for Arithmeriz Smcotning were, ') use the geomewic mean =f the record's

20 mpiete responses, . ., ¥, and ‘2 use tne geometwric mean of the nearest two

The rcasis for Multiplicative Smoothing is that for some missing interval of length «

counded below 2y X. and above by Xy, and with x . missing in that interal,

M
fa £€m s¢bt),

17k

) (m-2) /%) X

= . = (
xm xa q where q \xb
Taking the logarithm of (1) gives
(2) log Xpg =log x, + (m=-a)log q .

and by setting Y, =1log Xy and Ym = log X, we get

(3) logq = --=--Cacoaoo- a_



Letting 10g q equal d and substituting into {2) we obtain
ry . = e ' m oA
(4)  yg =vy - im-aid

which is the hasis for Arithmetic Smoothing as discussed above.
IV, COMPARING THE PROCEDYURES

There are several zuestions IC Te acddressed wWhen analzying tne sffactiveness and
efficiency of an imputation grocedure, and by focusing ¢n these questions particular
imputation procedures can Ce identified that maximize the desirea end results. The final
decision as to which imputation strategy is best t£o use for particular survey items must
rest with subject-matter specialists who are familiar with the subject-matter of the
survey, the questionnaire form, and the underlying target population. In this report, we
oresent a number cf descriptive statistics for each of the procedures described above,
These can be compared against one another and serve as a basis for an informed decision
as t£o which procedure is to be preferred. In general, the guestions that must be

addressed are:

(M What does a completely reported data record look like? Is it typically
reported consistently, erratically, in particular patterns, or does it

follow some distribution?

(2) What are the imputations expected to accomplish? Should the derived
imputation resemble the reported data, implement a presumed
relationship, or smooth over the missingness?

(3) What criteria should be used to evaluate and compare methods?

The data for wages and salary are at times reported consistently across a 12-month

period, reported erratically other times, and may or may not follow a particular pattern
of responses based on ISDP waves (the 3-month interval to which a questionnaire
refers). Ideally, the optimal impﬁtation procedure would adhere to patterns of

consistency or erraticism of the reported data for each individual person record.



As discussed in Secticn I, wWwe start with completely resorted longitudinal records and
then blank out responses ccnforming ¢ missing ;attems'f‘r*om 3 set of longitudinai
records having ncnresponse. 5 2 then impute for the inducez nonresponse and compare
tne imputes with the originai values tnat were dlanked £it. These comparisons form the

basis of zu

"3
L

¥
[$4)

1. - A . < R T . * 3 - Pl -
nalysis. 43 noted earlier, normality assumotions are nst supported by the

jata

- . - < - - - Ry - 1
ang acloriingLy, Ineé aralysis is nengaranewric..

Ne lst
X = Kiooy i oyeensils s oo
. - -9 - -3 -
i
r I S - Ty - - -~ - -~ -~ LS4 - - -~
o€ thne 177 completely reportel recori Irom o a 3.t P N recorcs, and we assume that for
- E S T T .- - ‘ . T ! -~ v I R
some month 5,5 = ", 2, X. . ~&s 2lan<ked cut. we then nave the f2llowing:
-1
L]
- lat " o - -~ -~ 5 o S p
X .= Toe anmount o7 Jages and salaries{or the monzih <f the
-y 0
“m
7t perscnreccra,
-
— - PPt ~& i 3 ‘o
A Imputed value of X, . orom some lmputaticn orocedure,
PO -8
r . = X, .iX . ., and
-y -y - -
~
. -~ -~ &~ - -
. = X% P4 ER wNere 3T _2ast Zne ol XK. . Ir X . . W3S lmTualed.
-~ 59 -3 -y u -8 -\J

The analytical variables computed and evaluated for each imputation methoc are.

Me, . =%, .- x, .

1,) PRI 9 J
2Ye, ., = {(x, . - x DV
( 1,] 1,5 13 9 J

Bei 5 " 1,357 "1,y

"
—
3

1

~r
~
-3

We, . . . o
() 1,] 1, 1,3 1,
Note that:

(a) X, .= X, ; represents the difference between original value and imputed

value,
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(v) {x, .= x., .)/x, |
A i3] i4d
r. j represents the difference between the ratio of adjacent

represents the relative difference,

months Wwhen one was imputed, and

(d) r, .= r, ../r. , measures the relative difference of these ratios.

- The statistics we will use to examine these analytic variables are

N 2
: < R
(l) S1 = L o C‘. y
Coi=1 oi=1 td
N ER
4 S, = | -
i=1 3=t =79
N 2
\l]_‘..) 83"" _’ . C :‘/rl ,
:=1 =1 v
N T s
° - -\ 2
{v) Sy= 1 (2 - ¢) /n ,

i

"

o

n ot~
4

where n is the total numter of cases for which ¢ = 0 and

4
v

V. OBSERVED RESULTS CF THE COMPARISONS

Table 1 contains numerical comparisons for adalytical variable

.. X, . X, .
1, i4] 1,
the four derived statistics used for evaluation are listed vertically. If one of the

. The seven imputation procedures are listed horizontally and

smoothing imputation methods hasa (1) appended to its name, the method substitutes the
mean of all reported months for missing endpoints of a record; if a (2) is appended to the
name of ~~e procedure, the mean of the two nearest reported values are substituted for
missing endpoints. Tgble 2 presents the numerical results for the analytical variable

¢, . = (x, ., - X, .)/%x, . andi id i to Table 1. In :oth Table 1
1,3 (1,3 1,3) i,3 is set up identical

and Table 2, n = 3183 in calculations of Sy tarough Sy. Tables 3 anc % contain,

respectively, the numerical results for the two analytical variables

-

¢, .= r, .- r, d ¢, .= {r, .- r. .. In imputing S. and S
i) i3 l,Jan i3 ( i3 r‘i'j)/ i3 1p g m

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



{a) Tables t-4

In examining rnumerical resuits cresented in tadle ', It appears that the Arithmetic

, it
Smoothing {1} methocd zand the Logarithmic erated Buck method both perform well when
using ¢, .= X, .- X, , 23 cOmparison oriteria. The sum znd mean of the c,.J's are

-J - J -~ 1 ‘
closer ©o zero for tne Arithmetic Saoothing method tnan all sther metnhods, and tne sum

>f sguares

u
3
£
<
5
Fa.
ji}
1
J
D
)
]
cr
b4
D
@]

vvvvvvvvvv ;'s are cicser o zero for the Logarithmic Iterated Buck

-

method.

= T o [ = ‘3 - - . B i ; 3 /4 i 3
mesults from table 2 Indizats tnat the Multiplication Smccotning (1) methed performs well

i3 mean oI the 2. s are clgsest o zero for tne Multiplicative
Smoothing 7. metncd., Trhe lucte Zerated I.ucxk metnod nas the smallest sum of squares
of

the ¢, .'s and the Logarithmic Terated Zuck method has the smallest variance.,
-J

-

Resuits in both Tables 3 znd 4 using

respectively, as comparison oriteria, indicate that tne Tube Iterated 2uck method
performs better than all osther methods for the sum, sum of squares, mean and variance
of the ¢, .'s.

14
For each of the analytic variables, the better a procedure simulates an aspect of missing
data, the closer the relevant derived statistic (either S1s 82. 83, or Su) will approach
zero. One initial reason for carrying out this study was to determine whether the

terated Buck method is a better imputation procedure than its counterparts, the
Logarithmic Iterated Buck and the Cube Interated Buck.

The most decisive finding in this study is that for every derived statistic, the
Logarithmic Tterated Buck method outperformed the Iterated Buck method. Using the
logarithm of wages and salary rather than actual amounts provides a two-fold
improvement over the Iterated Buck pﬁbcedure by eliminating negative imputes and
increasing the accuracy of the imputes. Moreover, in every statistic except the first and

third on Table 1, Cube Iterated Buck outperformed Iter‘ated Buck. From these
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observations, it is clear that better results are obtained using the Buck Procedure with
transformed data.

Results comparing the Logarith mic-Iterated Du<2r< method with the Cube Itarated Buck
method are mixed. In Tables 3 and 4 Cube Iterated procedure performs dDetter. Most
often in Tables 1 and 2, the Logarithmic Terated Buck procedure does better. All in all,

tne results are close. One interesting observation is that for the statistic

12 -

2
({x, ,- %, )/%. )
1 J-’J l,J - J

(TR o et

i~

1

the Cube Iterated Buck procedure far out serforms all other procedures; that is, it seems

to do well for scaled residuals. Cn the other hand, for the statistic

the Logarithmic Tterated Buck orocedure does best of all. For the last two analytical
statistics presented in Tables 3 and 4 the C ube Iterated Buck procedur"e outperformed all
other imputation procedures for each statistic calculated, with the Logarithmic Tterated

Buck procedure a fairly close second best.

Arithmetic Smoothning (') and Multiplicative Smoothing (%) are virtually identical on
comparison and outperform their counterparts Arithmetic Smoothing (2) and
Multiplicative Smoothing (2) the majority of the time. Logarithmic Terated Buck and
Cube Iterated Buck do a little petter, all in all, than the smoothing techniques. However,

the ease in imple menting either of the two smoothing techniques may strongly argue in
their favor.

(b) Figures 4-11

In Figure 4 we present a nistogram of the amounts of reported wages and salaries that

fall into the range $0. to $5,000. Histograms of values produced by each of the seven
imputation procedures appear in Figures 5 through 11.

Histograms of the data completed by the Logarithmic Iterated Buck method in Figure 6,
Cube Ierated Buck method in Figur'e 7, Arithmetic Smoothing (1) in Figure 8, and
Multiplicative Smoothing (1) in Figure 9 1look very much alike and also appear to



reasonadly resempble the true data in Figure 1.  Althcugh nistcgrams of Arithmetic and

Muitiplicative Smoothing {2} in Figures !0 and 171 ook somewhat similar £o the true data,

there appears to De slightly more 2rouping »f “he Z2ita than in the reported data.

Overall, the imputed Zata sets for all srocedures except the Tarated Buck procedure

appear ¢o emulate the Zistritution of the reporzed data very well.

™ i - 3
The data for tnis

w

LR e Ry -
V39303 ~ere nC

Y nCtl etited. However one extremely large value for monthly
wage and salary amount «as deleted

[}

S an obvious edit failure as it caused some
problems In obtaining Informati nbounied Rhistograms were

- . 3 b Py

producea dut offered very Little exwra informaticn so were not inclided here.

O

"2) Figures 'Z-1:z

. R . -
Figures 12 taru "2 presant z2

3]

tterplots of tne reported amounts of wages and salaries
versus imputes c¢btained o

T s

eacn of the 1mputation procedures in the same order as the

nistograms are listed. The more linear the relationship the Ddetter <he imputation

procedure is in simulating the reported data on a month-to-month hasis. Ideally, we

Wwould lice the standard srror of Cne estimate

iy
N

.

o

b
o
i
o]
o
~
-3
t
—

- i

o be small, the intercept near zero, and the slope close to one. Here, the index

represents any month for any record when a wage and salary report X5 received an

impute. The correlation and R-square values whicn measure the relationsnip between the

values and the goodness of fit of the linear model, respectively, should approach one for

the best method. The standard error of the estimate, intercept, and slope of the linear

relationship listed at the bottom of each scatterplot all appear best overall for the

Logarithmic Tterated Buck procedure, Figure 13. The Lterated Buck procedure gives a

negative intercept as a result of negative imputes and the standard error of the estimate
is the largest of all the methods. Statistics for Logarithmic and Cube Iterated Buck
procedures compare favorably to each other. Scatterplots of the Arithmetic and
Multiplicative Smoothing (1) procedures basically have the same statistics and both have
smaller standard errors and intercepts closér to zero than Iterated Buck. Arithmetic and

Multiplicative Smoothing (2) have the worst slope and intercept but the best fit based on
the R-squared value.
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(d) Figures 19-25

LA

Yistograms of scaled residuals, that is, (X, 5” X, 3 )/x; 5 are presented in Figures
i, i i,
19 thru 25. The imputation procedure used to obtair'l the imputations is listed at th= top
1eft of eacn histogram. The Iterated Buck procedure and the Logarith'mic Iterated Buck
srocedure most often overestimate frue values and all of the smoothing techniques
anderestimate <true values. dows=ver, the Cube Iterated 3uck procedures orovide
underestimates more often than any of the other technigues. This is determined by
sounting the number ¢ negative scaled residuals in each of Figures 19 thru 25 and
comparing them to the number cof positive scaled residuals. The smoothing techniques
tend to spike around zero, incdicating that these procedures exactly estimate reported

amounts more often that the Iterated Buck tecnnigues.

(e) Brief Sum mary of QObservations:

Based on the statistics generated as part of this analysis, the four procedures that appear
best are Logarithmic Iterated Buck, Cube Iterated Buck, Arithmetic Smoothing (1) and
Multiplicative Smoothing (i), The residual sum of squares presented in Table 1, Row 2,1s
a traditionally used comparison criterion, and based on this statistic, the Logarithmic
terated Buck is the best procedure. wWhen examining histograms of data completed using
each of the imputation procedures to the true data, Cube Iterated Buck, Arithmetic and
Multiplicative Smoothing (1) appear almost as good as Logarithmic Iterated Buck. Other
statistics provided in Tables 1 thru 4 indicate that each of the four methods are favored
by different criteria. The issue is to choose comparison criteria that address specific
needs of the data problem at hand. Survey-specific needs should be brought to bear in

assessing the merit of each of the procedures discussed.

VI. CONCLUDING REMARKS

Of the imputation procedures examined in this report, the Logarithmic Tterated Buck and
Cube Tterated Buck outperformed the Iterated Buck procedure. Of the smoothing
techniques, Arithmetic Smoothing (1) and Multiplicative Smoothing (1) outperformed
Arithmetic Smoothing (2) and Multiplicative Smoothing (2), respectively. AL Iterated
Buck procedures must consider a sample of cases with missing values to derive
parameters for imputing for nonrespoﬁ:sse. Both smoothing techniques need only consider

one record at a time and bounding values when deriving an imputation for nonresponse.



A variety of summary statistics are presented. C2ne conclusion to De drawn from this
simulation study is that the "simple'" imputation procedures, i.e., the Arithmetic and
“Aultiplicative Smoothing procedures, ~ork guite well and the additional cost and

complexity of using the more ccmplizated procedurss, l.e., the Earated 2uck procedures,

n this report we did not add variability tc tne imputes in the form of 3 residual. To the

\Y)

extent that this is a comparative study, we felt adding residuals could Se omitted at this
stage. Tf ccourse, n implementing any one oF these Irocedures, crne may add some

random components. arianiiity can be computed from the entire data set and added

¥

into eacn imputation zr computed on 2 recgord-ny-record Casis where the variability

added to the imputes for eacn record is hased on the record under <cconsideration. An

f

alternate form to adding variasility on z record-ny—record tasis is to spiit the data file
into two or nore gzroups cof records. One group might contain cases that report

2onsistently cver time

j\Y)

nd the cther grcup might contain erratic data reporters. The

variability added to each record will be determined Sy the group in wnich the record lies,
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