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Abstract 

 
When creating sample weights, most U.S. government 
agencies combine small race groups such as the 
American Indians and Asians with Whites disregarding 
the different coverage ratios of the groups. This paper 
examines this methodology using the 2003 National 
Health Interview Survey (NHIS) data of the National 
Center for Health Statistics (NCHS) and reports the 
effect on the sample weights and estimates, specifically 
for Whites, American Indians (AI) and Asians. Two 
alternative weighting approaches will be used in an effort 
to reduce the bias.  
 
KEY WORDS:   coverage ratio, sample weighting, cell  
collapsing. 
 
      1.      Introduction  
                                                                                         
Before final weights are developed for survey data, a 
poststratification (ratio or initial adjustment) factor (PSF) 
is calculated for each cell (row or column) of a weighting 
matrix and applied to the cell. However, for some cells, 
poststratification factors cannot be computed. For 
example, if the sample count is zero for a cell, it is 
impossible to calculate the PSF because the denominator 
of the involved fraction is zero. Also if the raw sample 
count for a fraction is small, the fraction would be 
considered unstable. Because of these occurrences in 
many surveys, cells are checked as to whether they have 
enough raw sample cases to stand by themselves.. 
Additionally, for most surveys, the cells are checked to 
see whether its PSF lies within an acceptable range. This 
ratio criterion assures that the final weights are not too 
large or too small. It should be noted that very large or 
small weights can inflate the variance of estimates. If a 
cell fails either of the above tests, it is combined with 
another cell. 
 
The cell collapsing strategy described above has merits. 
However, Kim (2004) raised a potential problem of 
combining cells which are different in coverage ratios. 

Let iN be the control count for cell i, �
iN  the initially 

weighted sample count for cell i, i =1, 2 and 
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i =1, 2,  the Initial Adjustment Factor (IAF) for cells 1 

and 2.  Then 
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if
, i = 1, 2, is the coverage ratio for cell i, 

 i = 1, 2.  Let 2 1   cN N= . The PSF for the combined cell 
was expressed by Kim (2004) as: 
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Before collapsing, the PSF for cell 1 is 1f .  However, 

because of collapsing, as shown in equation (1), 1f  is 

modified by 2
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, which is called the Collapsing 

Adjustment Factor (CAF) for cell 1 by Kim, et all 

(2005). Similarly, for cell 2, the CAF is 1
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Using the above formulas, we can make the following 

observations: when c = 10 and 1

2

f

f
 = 4.0, cell 1 will lose 

73 percent of its own weight to cell 2. For the same c, if 

1

2

f

f
 = .25, cell 1 will gain an additional 214 percent of 

its own weight from cell 2. Note that this weight shift is 
artificial. Thus, Kim (2004) and Kim and Tompkins 
(2007) claimed that the current approach of cell 
collapsing can introduce bias, which can often be large.  
 
Most surveys collapse a cell (row or column) with 
another if the PSF (ratio) for the cell is greater than 2. 
This standard collapsing procedure allows the PSF of the 
poorly covered cell to decrease below 2. Hence, Kim 
(2004) proposed to truncate (censor) the PSF for the cell 
at 2 to make sure that the PSF for that cell is 2 or at least 
2, depending on the method. Kim, et al (2007) 
implemented these two approaches of weight truncation 
in their simulation studies and found that the latter 
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outperforms the former and the standard collapsing 
procedure. 
 
When creating sample weights, most U.S. government 
agencies combine small race groups such as the 
American Indians and Asians with Whites disregarding 
the different coverage ratios of the groups. This paper 
examines this methodology using the 2003 National 
Health Interview Survey (NHIS) data of the National 
Center for Health Statistics (NCHS) and reports the 
effect on the sample weights and estimates, specifically 
for Whites, American Indians (AI) and Asians. Two 
alternative weighting approaches will be used in an effort 
to reduce the bias.  
 

2. Cell Collapsing and Alternative 
Weighting Approaches 

 
The NHIS uses the following weighting matrix: 
 
Table 1.  Weighting Matrix 
 

 Hispanic Non-Hispanic 
Black 

Non-Hispanic 
Other 

 M F M F M F 
< 1 yr       
1 - 4       
5 - 9       

10-14       
15�19       

.       

.       
 
In the above table, M stands for male and F for female. 
 
The non-Hispanic other category, as mentioned before, 
includes all non-Hispanic races other than non-Hispanic 
Blacks, (i.e., it includes Whites, American Indians, 
Asians, Native Hawaiian and Pacific Islanders and all 
multiple race groups). 
 
It is interesting to see how much the coverage ratios 
differ among the race groups in the �others� race 
category.  Tables 2a and 2b present coverage ratios for 
Whites, American Indians (AI) and Asians by age 
categories from the 2003 NHIS. 
 
 
Table 2a.  Coverage Ratios for 2003 NHIS - Males 
 

Age Group White AI Asian 
< 1 .85 .17 .33 
1 - 4 .80 .44 .66 
5 - 9 .79 .88 .59 

10 - 14 .80 .65 .54 
15 - 17 .84 .46 .75 
18 � 19 .61 .26 .55 
20 � 24 .59 .55 .51 

25 - 29 .60 .44 .31 
30 - 34 .67 .54 .65 
35 - 44 .67 .32 .53 
45 - 49 .65 .51 .63 
50 - 54 .67 .54 .57 
55 - 64 .70 .53 .47 
65 - 74 .75 .44 .44 

75+ .71 .51 .65 
 
Table 2b.  Coverage Ratios for 2003 NHIS - Females 
 

Age Group White AI Asian 
< 1 .82 - .38 

1 - 4 .80 .43 .71 
5 - 9 .84 .70 .78 

10 - 14 .76 .95 .70 
15 - 17 .77 .25 .67 
18 � 19 .72 .10 .50 
20 � 24 .59 .57 .50 
25 - 29 .68 .39 .56 
30 - 34 .75 .46 .57 
35 - 44 .76 .59 .59 
45 - 49 .76 .36 .67 
50 - 54 .80 .31 .53 
55 - 64 .78 .62 .45 
65 - 74 .75 .12 .48 

75+ .76 .36 .64 
 
In Table 2a, except for one age group (5 � 9 years), 
White males always have higher coverage ratios than 
American Indian males. Also, White males always have 
higher coverage ratios than Asian males, without 
exception. One extreme case is age group less than 1, 
where the coverage ratio for White males is .85, while 
that for American Indians is .17.  The coverage ratio for 
American Indian males age < 1 is only 1/5 of that for 
Whites. For the same age group, the Asian coverage rate 
is less than half that of Whites. Of 15 male age groups, 7 
age groups have coverage ratios less than .5 for 
American Indians. For the 18 � 19, 20 � 24 and 25 � 29 
years age groups, coverage ratios for Whites are also 
low, but those for American Indians and Asians are even 
lower, sometimes less than half of that for Whites.  
 
As for females in Table 2b, Whites always have higher 
coverage ratios than American Indians, with one 
exception (10 � 14 years of age). Also, Whites are better 
covered than Asians for all age groups. For the 18 � 19 
years age group, Whites have a coverage rate which is 
more than 7 times better than that of American Indians. 
For the 65 � 74 year age group, the coverage ratio for 
Whites is more than 6 times that of American Indians. 
Quite often the White coverage rate is much better than 
that of American Indians. 
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The following example demonstrates the effect on 
weights and estimates when two cells with very different 
coverage ratios are combined. 
 
Example 1.  Suppose we have the following initially 
weighted sample counts,  control counts and the initial 
adjustment factors for 2 cells, one for Whites and the 
other for American Indians in Table 3.  
 
Table 3.  Sample Weighting Data 
  

           �
iN           iN           if  

   AI           50         300           6 
  White       17,000       20,000      1.17647 

 
 
When White and American Indian cells in the above 
table are combined, the new PSF for the combined cell is 
 

 
300 20,000

1.1906158
50 17,000

+ =
+

          (3) 

 
The original PSF for American Indians was 6, but the 
new PSF is 1.1906158. Hence, the new weighted total 
for American Indians is 1.1906158 50 60× ≈ . Since 
the control count is 300, we observe an underestimation 
of 240, which equates to an 80 percent underestimation 
of American Indians in this cell. On the other hand, the 
original PSF for Whites is 1.18, but the new PSF is 
1.1906158. Thus, the new weighted total is 20,240, 
which is greater than the control count (20,000).  In other 
words, Whites picked up an additional weight of 240 due 
to collapsing. This amount is 1.2 percent of the control 
count (20,000).  Note that a 1.2 percent overestimation 
for Whites is negligible, but an 80 percent 
underestimation for American Indian is large. 
 
In fact, the Collapsing Adjustment Factors (CAFs) for 
cells 1 and 2 from equations (1) and (2) have been 

implicitly applied to 1f  (6) to reach 1.1906158 in 

equation (3).  That is, the CAF for cell 1 is: 
 
                        
1.17647(20,000 / 300 1)

.1984358
6(20,000 / 300) 1.17647

+ =
+

      (4)                  

 
 
The new PSF for cell 1 is 
 
 6(.1984358) 1.1906148= .  
 
There is a slight difference between the values in 
equations (3) and (4), which is due to rounding error. 
 

As mentioned before, the category of White males age 
<1 has a much higher coverage ratio than American 
Indians and Asians. The same observation can be made 
for females. Consequently, both White males and 
females age <1 were overestimated by 7 percent in 2003.  
For both genders, in all except two age groups, Whites 
are better covered than American Indians, which causes 
the former to absorb weights from the latter. As a result, 
American Indians, overall, were underestimated by 29.7 
percent, as will be seen in section 3.  Similarly, Asians 
were underestimated by 20.7 percent. 
 
To rectify this problem, we propose two alternative 
weighting procedures. The first is to weight American 
Indians and Asians independently. American Indians had 
197 raw sample cases, which is enough for independent 
sample weighting. The number of sample persons is 
1,200 for Asians, which is more than enough for 
independent sample weighting. 
 
The second procedure is to artificially inflate to .5 the 
coverage ratios which are originally lower than .5. This 
is to �protect� the sample cases in the cells whose 
coverage ratios are too low, or whose PSF is too high. 
This approach is to ensure that the final weighted total in 
the cell is at least half the control count. According to 
this approach, the PSF can sometimes go much higher 
than 2. This approach is somewhat consistent with the 
weight truncation approach by Kim, et al (2007). They 
considered two approaches of weight truncation: one 
allows PSF to go over the threshold (2), but the other 
does not. The approach proposed here is similar in spirit 
to the former. The protection of the weights in the poorly 
covered cells is greater in the approach proposed here 
because the PSF for this new approach can increase 
much more than that considered by Kim, et al. 
 
Example 2 (Table 4) numerically illustrates the approach 
proposed here.  
 
Table 4.  Sample Weighting Data 
  

 �
iN  iN  if  

    AI    50     150           300         6      2 
  White         17,000         20,000        1.17647 

 
In Table 4, we set if  for American Indian equal to 2, 
instead of 6 as in Table 3. To do so, we had to multiply 
�

iN  (50) by 3 to make it 150.  In other words, to make 

sure that if = 2, we had to artificially inflate �
iN  by a 

factor of 3. If the original if  were 3 (this means �
iN  = 

100), then we had to artificially inflate �
iN  by a factor of 

1.5, instead of 3.  
 

�
iN
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When White and American Indian cells in the above 
table are combined, the new PSF for the combined cell is 
 

  
300 20,000

1.18367
150 17,000

+ =
+

         (5) 

 
The new PSF for Whites is 1.18367, but that for 
American Indians is 3(1.18367) = 3.55101. Compare 
1.1906158 to 3.55101 for the American Indian cell�s 
PSF. The new cell estimate for American Indians is 
50(3.55101) = 177.5505. Since the control count is 300, 
we observe an underestimation of 122, which equates to 
an approximate 41 percent underestimation of American 
Indians in this cell. This is a big improvement in 
comparison to the result of the original cell collapsing 
approach. 
 

3. Alternative Sample Weighting 
 
When independently weighting the sample for American 
Indians and Asians, a minimum raw sample count of 20 
was used for cell collapsing.  That is, starting with the 
age group <1 cell, if a raw sample count was less than 20 
for a cell, it was combined with the next nearest cell. It 
should be noted that no artificial inflation of the weights 
was done while combining cells in each of the race 
groups. Artificially inflating the weights was, however, 
employed in collapsing American Indians and Asians 
with Whites. After weighting was completed, weights for 
each sample unit were accumulated for American Indians 
and Asians, where the results are shown in Tables 5 and 
6, respectively. 
 
Table 5.  American Indian Weighting (in 1,000�s) 
 
 Total Weight Control Count 
   Current  1,496 (-29.7%) 2,127 
   Inflated 1,752 (-17.4%) 2,127 
 Independent 2,127 2,127 
 
As the Table 5 shows, when we rely on the current 
weighting procedure, i.e., when American Indians are 
collapsed with Whites for weighting, the weight total for 
American Indians is 29.7 percent lower than its control 
count. On the other hand, when a special measure was 
taken to protect the weights in the cells whose coverage 
ratios were lower than .5, the weight total improved over 
the current approach by 12.3 percent. However, the 
inflation approach still underestimates the control count 
by 17.4 percent. There are two reasons for this.  First, we 
did not take any measure to protect the cells whose 
coverage ratios were higher than .5, even if coverage 
ratio for American Indians was lower than that for 
Whites. Second, even if we gave higher PSF�s to cells 
whose coverage ratios were lower than .5, we did not 
raise the ratio all the way to the same level as that for 
Whites. 

 
As can be predicted, when the independent weighting 
approach was used, the total weight is the same as 
control. 
 
Table 6.  Asian Sample Weighting (in 1,000�s) 
 
 Total Weight Control 
     Current  9,369 (-20.7%) 11,817 
     Inflated 9,753 (-17.5%) 11,817 
  Independent 11,817 11,817 
 
As shown in Table 6, when Asian cells are collapsed 
with Whites for weighting, as in the  current approach, 
Asians are underestimated by 20.7 percent. Note that this 
underestimation rate is better than that for American 
Indians. This is because Asians, in general, have better 
coverage ratios than American Indians for both genders. 
 
When the inflation approach was used, the weighted total 
improved over the current approach by only 3.2 percent. 
This improvement is much lower than that observed for 
American Indians. The difference is due to the fact that 
16 out of 30 American Indian age groups have coverage 
ratios less than .5, but for Asians, the same observation 
could be made for only 7 age groups. 
 
Prevalence rates were calculated for 4 health 
characteristics based on the three cell collapsing 
approaches:  diabetes, health insurance coverage, 
overnight hospital stay and asthma. It should be noted 
that one rate for each race was computed just as in 
published  survey reports. 
 
Table 7 presents prevalence rates for American Indians. 
 
Table 7.  Prevalence Rates for American Indians � 
Weighted Total as Denominator 
 
 Current Inflated Independent 

Diabetes 9.22 9.43 10.28 
Health 

Insurance 
Coverage 

 
64.90 

 
63.72 

 
65.33 

Overnight 
Hospital Stay 

7.73 8.67 8.25 

Asthma 17.41 16.32 18.04 
 
 
In Table 7, for all 4 health characteristics, the prevalence 
rate for the independent weighting approach is higher 
than that for the current weighting approach. The biggest 
difference can be observed for diabetes. The independent 
weighting approach provides the prevalence rate for 
diabetes more than 1 percentage (in absolute term) 
higher than the current approach. It is 11 percent higher 
in relative term. The inflation approach�s rate is higher 
for 2 characteristics than the current approach�s rate, but 
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it is lower than the independent approach�s rate. 
However, for 2 other characteristics, the prevalence rate 
for the truncation approach is lower than that of the 
current approach. 
 
Table 8 presents prevalence rates for Asians. 
 
Table 8.  Prevalence Rates for Asians � Weighted Total 
as Denominator 
 
 Current Inflated Independent 
Diabetes 4.35 4.50 4.70 
Health 
Insurance 
Coverage 

 
83.49 

 
83.44 

 
83.70 

Overnight 
Hospital Stay 

4.85 5.05 5.09 

Asthma 5.96 5.84 5.83 
 
As shown in Table 8, the prevalence rate for the 
independent weighting approach is higher than that for 
the current weighting approach except for asthma. The 
truncation approach provides prevalence rates closer to 
that of the independent weighting approach for all 
variables, except for health insurance. 
 
The difference for the prevalence rates between the 
current and the independent weighting approach for 
Asians is much smaller than that for American Indians. 
This may be due to the fact that the coverage ratios for 
Asians are much more stable than those for American 
Indians. 
 
Note that in calculating the prevalence rates in Tables 7 
and 8, estimated counts were used for both numerators 
and denominators. However, control (population) counts 
instead of estimated counts (weighted totals) can be used 
for the denominator, while estimated counts are still used 
for numerator. For example, suppose researchers want to 
calculate the prevalence rates for American Indians or 
Asians residing in certain age groups regions of the 
nation, since NCHS� report does not show the rates for 
regions. To do so, they can cumulate weights of, for 
example, diabetic people in the regions and compute the 
prevalence rates using the cumulated weights as the 
numerator and the population count as the denominator. 
The following two tables show the prevalence rates 
calculated in that manner: 
 
Table 9.  Prevalence Rates for American Indians � 
Control Count as Denominator 
 
 Current Inflated Independent 
Diabetes 6.48 7.77 10.28 
Health 
Insurance 
Coverage 

 
45.65 

 
52.49 

 
65.33 

Overnight 5.44 7.14 8.25 

Hospital Stay 
Asthma 12.25 13.44 18.04 
 
Tables 7 and 9 show the prevalence rates for American 
Indians. The rates in Table 7 are computed with the 
weighted total in the denominator and those in Table 9, 
with the population count in the denominator. 
 
The rates in Table 9 are much lower than those in Table 
7, except for those for the independent weighting 
method, which are the same. The rate for the current 
approach in Table 9 is 29.7 percent lower than that in 
Table 7 for each of the four health characteristics. 
Similarly, the rates for the inflation approach in Table 9 
are 17.6 percent lower than those in Table 7. 
 
In Table 9, the rates for the current approach are almost 
one third lower than those for the independent weighting 
approach. The rates for the inflation approach are 
between the two approaches.  
 
Table 10.  Prevalence Rates for Asians � Control Count 
as Denominator 
 
 Current Inflated Independent 
Diabetes 3.45 3.71 4.70 
Health 
Insurance 
Coverage 

 
66.19 

 
68.87 

 
83.70 

Overnight 
Hospital Stay 

3.85 4.17 5.09 

Asthma 4.73 4.82 5.83 
 
Both Tables 8 and 10 show the prevalence rates for 
Asians. The relationship between Tables 8 and 10 is the 
same as that between Table 7 and Table 9.  
 
The rates in Table 10 are much lower than the rates in 
Table 8, except for those for the independent weighting 
method, which remains the same. The rate for the current 
approach in Table 10 is 20.7 percent lower than that in 
Table 8 for each of the four health characteristics. 
Similarly, the rates for the inflation approach in Table 10 
are 17.4 percent lower than those in Table 8. Again, 
these differences are due to the different denominators, 
that is, the weighted total or the control count. 
 
Comparisons between the rates in Table 7 and the rates 
in Table 9 and between the rates in Table 8 and the rates 
in Table 10 show that when the prevalence rates are 
calculated it is better to use the weighted totals as the 
denominator for American Indians and Asians. 
 

4. Concluding Remarks 
 
Thus far, we have observed that combining cells with 
varying coverage ratios results in under- and over-
estimation of population (control) counts. In order to 
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alleviate this problem, we proposed independent 
weighting and weight inflation approaches for collapsing 
cells, implemented these approaches using NHIS data 
and compared them with the current weighting 
procedure. Currently, American Indians and Asians are 
combined with Whites for sample weighting. However, 
coverage rates for Whites are better, often much better, 
than those for American Indians in 28 out of 30 age 
groups. Coverage rates for 3 age groups for American 
Indians are extremely low, i.e., they are in the 10 � 17 
percent range, while they are at least 72 percent for 
Whites. Because of this, the current weighting approach 
underestimated American Indian by 29.7 percent. Also 
Whites consistently had better coverage ratios than 
Asians, and as a result, the current weighting approach 
underestimated Asians by 20.7 percent. 
 
We also estimated the prevalence rates for diabetes, 
health insurance coverage, overnight hospital stay and 
asthma using the weights developed by three different 

cell collapsing approaches. For all 4 health 
characteristics, American Indians show higher 
prevalence rates when they are weighted independently 
than when they are weighted as a part of the �Other� race 
category (i.e., when they are weighted while combined 
with Whites). The American Indian diabetes prevalence 
rate is more than 1 percent higher when the independent 
weighting approach is used (10.28 %) than when current 
weighting approach is used (9.22 %). The weight 
inflation approach shows mixed results for American 
Indians. For 2 characteristics, the weight inflation 
approach showed higher prevalence rates than the current 
weighting approach, whereas for 2 others, the reverse 
was observed. 
 
For Asians, the prevalence rate for the independent 
weighting approach is higher than that for the current 
weighting approach, except for asthma. The inflation 
approach provides prevalence rates closer to that of the 

independent weighting approach, except for health 
insurance. 
 
The prevalence rate can be calculated using two 
methods. One is to use weighted counts for both 
numerator and denominator, and the other is to use 
weighted counts for the numerator, but population counts 
for the denominator. The first approach was used for the 
tables above. However, if the second approach were to 
be used, the rates would be  underestimated by 29.7 
percent for American Indians and by 20.7 percent for 
Asians with the current collapsing approach and 17.7 
percent and 17.4 percent, respectively, with the inflation 
approach. This is because their weighted totals are lower 
than their respective population counts. Thus, the first 
approach is recommended for computing the prevalence 
rates. 
 
The public use micro data (PUM) file from the survey 
data we used for this study has been released to the 
general public. Note that the PUM file contains sample 
weights for sample persons in the file. Some data users 
of the PUM file might want to accumulate weights for 
American Indians or Asians, say with diabetes, to come 
up with the number of diabetic American Indians or 
Asians in the nation or some region of the nation. 
However, the result would be a gross underestimation of  
the true values for the reason mentioned above. A better 
approach of getting the number of diabetic American  
Indians or Asians in the nation or a region would be to 
calculate the prevalence rate using weighted counts for 
both the numerator and the denominator and to then 
multiply the rate by the American Indian or Asian 
population count, respectively. 
 
In conclusion, the independent weighting approach for 
American Indians and Asians may produce more realistic 
weights, and therefore, more accurate estimates. In 

addition, the current approach appears to underperform 
when compared to the inflation approach, even though 
the latter can be further fine tuned.  
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