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1. Introduction 
Response rate is considered one of the most important quality indicators for social surveys: the lower, the 
higher the potential non-response bias2. Response rate is used to compare survey quality between surveys, 
years and countries. The comparisons of the figures, however, may reflect not just different levels of survey 
participation, but also discrepancies in the formula applied for the response rate calculation and in the list of 
final disposition codes on which it is based. 
Some attempts (AAPOR, 2011, Lynn et al., 2001) have been made for the standardisation of the final 
disposition codes and the response rate calculation in particular in the social surveys. In the recent years also 
EUROSTAT (2011a, 2011b) has undertaken a process aimed at developing a harmonised approach for the 
calculation of response indicators for the European Labour Force survey (EU-LFS). The main project 
foresees the harmonisation of different aspects concerning the topic: the list of final disposition codes by 
survey mode, the criteria to accept or refuse partial questionnaires, the main non-response indicators, the 
methods for estimating the share of eligible units among those of uncertain eligibility, etc. This paper, 
developed in this context, focuses on the latter topic, in particular with a review of the methods used in the 
calculation of the eligibility rate among units with unknown eligibility and with an application from Italian 
Labour Force Survey (IT LFS) micro data. 
 
 
2. The classification of sampling units according to eligibility 
In the literature on response rates, sampling units are divided into three main groups according to their 
eligibility: a. eligible units; b. units of unknown eligibility; c. not eligible units. The first group of the eligible 
units can be divided into two further subgroups: a.1. interviews and a.2. non–interviews (non-respondents). 
According to the AAPOR standard disposition codes, sampling units can be classified as the scheme reported 
in Figure 1. 
 

Figure 1. Hierarchical level of the sampling units according to eligibility 

 
 

                                                 
1 The paper is the result of a joint research of the authors. As far it concerns this version of the work, Sects. 3, 4, 5 
should be attributed to R. Lima and Sects. 1, 2 to R. Ranaldi. 
2 First of all, in case of low response survey results could be biased if the characteristics of non-respondents differ from 
those of the respondents; second, low response rate reduces the precision of estimates, because fewer cases are available 
for analysis. 
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A core issue is the definition of “eligible unit” as it affects the calculation of response rate: 
 

100×
⋅++

=
UNENEI

EIRR
α

3 [1] 

where: 
EI Number of eligible interviews 
EN Number of eligible non-interviews 
UN Number of units with unknown eligibility 
NE Number of not eligible units 
α Estimated proportion of units of unknown eligibility that are actually eligible 
 
The results can visibly change, depending on the number of eligible units (EI+EN), but also on the number 
of units with uncertain eligibility (UN) and on the share of units of unknown eligibility which should be 
considered as eligible, represented by α. 
The IT LFS sample design is a two stage sampling with stratification of the primary units (municipalities); 
final sampling units (households) are randomly selected from the registry offices in all the municipalities 
drawn at the first stage. The final unit is eligible if the name corresponds to the household selected and if it is 
a private household having usual residence in the municipality. The eligibility is unknown when it is not 
possible to collect sufficient information for a proper classification, for example in case of failing contacts. 
The list of the final disposition codes by survey mode4 associated to uncertain eligibility are reported in 
Figure 2. 
 
Figure 2. List of final disposition codes associated to unknown eligibility by survey mode 

CAPI CATI 

Maximum number of planned contact attempts reached, all 
with no contact 

Maximum number of planned contact attempts reached, 
all with no contact 

-- all no one at home or no other information is available -- all no answer 
-- all no one at home and unsuccessful telephone attempts -- all busy 
 -- all unswerving machine with no message 
 -- mixed attempts but no contact 
End of fieldwork period, with no contact End of fieldwork period, with no contact 

-- no attempt made -- no attempt made 

-- attempts made but no contact -- attempts made but no contact 

Unreachable due to wrong name/address Unreachable due to wrong telephone number5 

 
In general final disposition codes reflect the combination of the temporary disposition codes recorded in the 
different attempts of contact with the sampling units. 
The “maximum number of planned contact attempts reached”, in both the survey mode, concerns the cases 
where all attempts foreseen were made, but without managing to contact the household and thus to collect 
the necessary information to establish if the unit is eligible. 
The “end of fieldwork period” covers all cases where the 5 weeks provided by EC Regulation n.577/98 are 
spent and no attempt was made or attempts were made but without a valid contact to determine if the unit is 
eligible or not. 
Even the unreachable households because of wrong name/address/phone number are labelled with unknown 
eligibility. 

                                                 
3 For simplicity we consider only the formula of un-weighted unit response rate. 
4 In the IT LFS the information is collected through a mixed mode data collection. Personal interviews (CAPI) are 
carried out in households of foreign people and in households with no telephone, by about 300 professional interviewers 
working throughout the national territory. Telephone interviews (CATI) are conducted in all other cases by professional 
interviewers working in a call center. 
5 The phone number is entered by the interviewer during the first interview. In the following waves, the households 
coded with “wrong telephone number” are labelled with “unknown eligibility”, notwithstanding the household had been 
interviewed in the previous wave as some of the criteria to define a unit as eligible may not be met. 
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Figure 3 shows the distribution of the sampling units according to eligibility status by survey mode and 
wave6 in the 1st quarter 2011 for the IT LFS. 
 

Figure 3. Distribution of the IT LFS sampling units according to 
eligibility status by survey mode and wave - 1st quarter 2011 
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The share of the sampling units with unknown eligibility is 5.9%, but it is higher in the first wave and in 
particular for the CATI mode. In the first CATI wave this share reaches 15.9%. This result depends on the 
sampling frame: households are randomly drawn from the municipality registry offices, and their phone 
number is obtained by the matching with the list of national phone numbers for private users. At the same 
time in the waves following the first one the share of units with uncertain eligibility is lower because the 
probability of the eligible units increases. 
 
 
3. Estimating Eligibility Rates: a brief review  

Several different methods have been proposed in literature to estimate the share of eligibity sampling units 
among those of unknown eligibility, that is α in the formula [1] (Smith, 2009). 
Here we compare the survival analysis method carried out by Brick, Montaquila and Scheuren (1997, 2002) 
with the minimum and maximum allocation method proposed by Montaquila et al. (1997), the proportional 
allocation method suggested by the Council of American Survey Research Organizations (CASRO, 1982) 
and the approach proposed by the American Association for Public Opinion Research (AAPOR, 2011).  
 
The Minimum and Maximum Allocation method (MMA) 
The MMA method defines the lower and upper bounds of the response rate assuming that all the units with 
unknown status are actually eligible and that all the cases of unknown status are actually not eligible. So it is 
possible define a range of response rates by setting: 
 

0=
upperMMAα and 1=

lowerMMAα [2] 

 
The Proportional allocation method (CASRO) 
The CASRO method assumes that the proportion of eligible units amongst those whose eligibility is 
unknown is equal to the proportion of eligible units amongst the eligibility known sample units. The CASRO 
formula for estimating α is shown below: 

                                                 
6 The sampling plan provides that final units are rotated according to a 2-(2)-2 rotation scheme: households are 
interviewed during two consecutive quarters; after a two-quarters break, they are again interviewed twice in the 
corresponding two quarters of the following year. As a result, each household is included in four waves of the survey. 
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The American Association for Public Opinion Research (AAPOR) approach  
AAPOR states that the estimation of the eligibility rate is left to the discretion of the organization(s) and 
individual(s) undertaking the research, that the estimate for eligibility from unknown cases should be based 
on the best available scientific information, and that the basis of the estimate must be explicitly stated and 
explained. AAPOR suggests that all units of unknown eligibility are considered as eligible unless it can be 
shown that some of them are indeed ineligible. Then the AAPOR formula to calculate α is: 
 

1=AAPORα  [4] 
 
The Survival Analysis method (SAM) 
The survival analysis approach, applied in particular for CATI surveys, obtains an estimate of eligibility 
status using the Kaplan-Meier estimate (Lawless, 1982) where the determination that a unit is eligible and 
the determination that a unit is not eligible may be thought of as the two “causes of death”. The survival 
functions for these two causes of death are estimated by: 
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where: 

)(ˆ tS  Kaplan-Meier estimate7 
i Trial or call attempt at which there are non-censored cases resolved to be eligible or not eligible 
ni Number of cases ”at risk” just prior to trial ti (that it corresponds to still being contacted at the 

 attempt) th
it

di Number of “deaths” or resolved cases at trial ti 
deligible,i Number of cases determined to be eligible at trial ti 
dineligible,i  Number of cases determined to be not eligible at trial ti  
The summations are defined only at those trials ti where ni >0. 
The overall eligibility rate is then estimated as: 
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With [6] and the resolved cases we come up with a distinct eligibility rate for the unresolved cases:  
 

unknown

eligibletot
SAM n

nnR −×
= ∞ )ˆ(

α   [7] 

 
where ntot is the total sample size, neligible is the number of sample cases resolved as eligible and nunknown is the 
number of cases with unknown eligibility. The numerator of this equation represents an estimate of the 
number of unresolved cases that are eligible (estimate of total eligible units minus known eligible units). 
 
 

                                                 
7  is defined only for those t for which ni> 0. )(ˆ tS
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4. Results 
We applied the MMA method to the IT LFS results for the 1st quarter of 2011, in order to determine the 
upper and the lower bounds for the response rates by survey mode and wave. The results are showed in 
Figure 4. The range of response rates is bigger when the survey mode is CATI, in particular in case of first 
wave; in this last case the range is 12.7 percentage points. Therefore the range is wider when the share of the 
uncertain eligibility is larger. For the IT LFS, while the estimate of the eligibility rate is almost irrelevant in 
terms of impact on the overall response rate for CAPI, it is crucial for CATI. 
 

Figure 4. Ranges of the response rates according to MMA method in the IT 
LFS by survey mode and wave - 1st quarter 2011 
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To test the effectiveness of the MMA, CASRO, AAPOR and SAM methods, we estimate α for the CATI 
component of the IT LFS. Because of the nature of sample and the likelihood that α would be quite different 
for the re-interviews (waves 2-4) and the first wave, we calculated α for these two groups when applying the 
different methods. 
To use the survival method, we had to classify the units in addition to eligible-not eligible-unknown also by 
interim status codes (such as “call-back”) and count the number of call attempts until a unit was resolved. 
For example, a case with 15 call attempts resulting in “no answer” or “busy” outcomes would be classified as 
unresolved after 15 attempts. In the case of a telephone number attempted 16 times with the first 15 attempts 
resulting in ”no answer” or “busy” outcomes  and the 16th call resulting in a refusal, this would be classified 
as eligible. 
All the telephone numbers are dialed with a justifiable “random censoring” calling rules of call attempts for 
a given phone number that is the end of the fieldwork period. In figures 5 and 6 are graphed eligibility rates 
by wave. In the waves following the first one, we note that there are high numbers of call attempts and after 
37 call attempts there are only 2% unresolved units (Figure 6). 
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Figure 5. Eligibility rate in the wave 1 of IT LFS by number of call 
attempts – 1st quarter 2011 
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Figure 6. Eligibility rate in the waves 2-4 of IT LFS by number of 

call attempts – 1st quarter 2011 
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Note: The horizontal line is  ∞R̂

 
Table 1 illustrates the estimates of the eligibility rates α and the response rates according to different 
methods. As the results show, there is no practical difference between the different methods, and the SAM 
eligibility rates appear to converge when there are a large number of call attempts, as there normally are for 
the IT LFS. 
 
Table 1. Estimated eligibility rates and response rates according to different methods in the IT CATI 

LFS – 1st quarter 2011 
 

Eligibility rate (α) 
 

Response rate (RR) 
 

 

MMA 
lower 

MMA 
upper 

CASRO AAPOR SAM MMA 
lower 

MMA 
upper 

CASRO AAPOR SAM 

Total 1 0 0.9990 1 0.9990 84.558 93.210 84.566 84.558 84.566
Wave 1 1 0 0.9959 1 0.9967 66.728 79.439 66.771 66.728 66.763
Waves 2-4 1 0 0.9997 1 0.9996 89.313 96.545 89.315 89.313 89.316
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5. Discussion and conclusions 
The estimation of the share of eligible units amongst those of unknown eligibility is an important issue 
because it is a component in the denominator of the response rate formula. 
While for some surveys, applying the different methods it may make a substantial difference in the estimated 
response rate, for the IT LFS we found that they produce similar results. 
Although each method could be an alternative approach, we recommend these brief notes.  
The MMA method implies the computation of two response rates, i.e. a range that has the advantage of the 
comparability of the results, but the drawback that two point estimates are difficult to manage with 
communication issues. Besides, as Smith (2009) stated, if the unknown eligibility level is large, as it often 
happens, the possible range of response rate is great. 
The CASRO method has the advantage of being easy to apply and it does not inflate the response rate, as 
affirmed by Smith (2009). But the assumption on which is based, that is the units with uncertain eligibility 
have the attributes as the units with known eligibility, may be too strong. 
Also the AAPOR approach has the advantage of being simple, but also in this case the assumption of 
considering all uncertain units as eligible may be strong. 
Having sufficiently large sample of households that are contacted more times, the SAM method is essential 
for estimating the response rate accurately and for making sure that the number of attempts of contact is a 
reasonable measure of exposure. The main result is that, insisting endlessly to contact the units, at the end 
they are almost all eligible. But the SAM method has a lot of limitations as stated by Smith (2009), in 
particular, as we have experienced, it is a very complicated estimation method to carry out. 
Under these conditions the CASRO method produces more similar results to the SAM method for the IT 
LFS. Moreover it seems the most appropriate one to estimate the eligibility rate in case there is evidence that 
α is less than 1. 
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