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Donald L. Eddins, probably in the late 1960's, with encouragement from William H. Foege (personal communications) developed a method for selecting villages and then selecting houses, and the children therein, in order to estimate children’s vaccination rates.  The method has become known as the EPI method (Expanded Programme on Immunization).  Villages are selected with probability proportional to available size figures.  In selecting houses the interviewer goes to the center of a village, throws a pencil into the air, and walks off in the direction to which the pencil points to the edge of the village counting houses.  From this count she selects at random the starting house.  The next house is the one closest to the first.  Selection continues in this fashion until 7 children have been found and their vaccination history obtained. (WHO, 1991)

The Problems

The method is not a probability sampling procedure, i.e., houses are selected with unknown probability, so estimates are subject to bias when the analysis procedure assumes equal probabilities.  A series of simulation studies (Fitch, Flores & Matute, 1993) that illustrate how bias might occurre under different conditions was undertaken.  In two cases a correction is possible. EPI, under conditions of our simulations, will oversample houses that (1) are on less populated roads, paths, (2) houses in the center of the village, (3) houses closely grouped together, (4) houses not far out from the village center, i.e., not at the edge of the village, and (5) houses not isolated.  Continuing until 7 children have been found and then quitting the village will mean, where as would be expected the average number of children per mother and vaccination rate are negatively correlated, that children from villages with low vaccination rates will be undersampled.  EPI can be expected to lead to decisions that vaccination rates are satisfactory when they are not. Such bias can be corrected, controlled.  All one would have to do is count the number of houses visited to find the 7 children, and use such counts to arrive at weights. The other correctable bias comes when villages have grown or shrunk from the time the size figures used to select villages were collected.  The interviewer would get current size figures when she was in the village and such would be used in weight construction. With weights, standard analysis procedures for complex surveys would have to be used (Morganstein, 1998, Fuller, et.al. 1986).  One would suppose that advisors to WHO would be familiar with these, but perhaps not.  Of course controlling one or two biases in a flawed method, still leaves a flawed method.   But moves toward controlling these biases would give hope that WHO was working to improve EPI.

What Then Must We Do?

1. We should admit that a statistically sound method of estimating children’s vaccination rates may cost more than it is worth.  We may decide that the number of lives of children that could be saved with better policy information are too few to justify the extra expense, if any, of obtaining unbiased estimates.  But we should not continue with a flawed method without considering the possibilities of using statistically sound methods.  I’m afraid the EPI people have been too inclined, because it is just easier to continue with the old ways, to seek help from those who will bless, more or less, EPI.  The classic paper here is the one by Lemeshow and Stroh (1988) done for USAID.

2. We should apply correction procedures in the two cases where it is possible to correct for biases expected without correction.  This will mean using weights and, although analyses with such are quite standard today, as the EPI effort has not been very statistically sophisticated to date, special attention probably needs to be given to getting it right.  If we can show the EPI world that a little of modern statistics can be useful they will, hopefully, be open to more.

3. We should consider how probability sampling is done with well financed surveys.  There are two ways in which this is traditionally done, both of which involved sending people into sampled villages prior to interviewing.  In the first method people known as listers go into a village and either make or update a map of the village showing all of the houses and identifying each by name of the head of household.  Then these maps are brought back to the home office where a probability sample of houses is selected.  Interviewers are then sent out with the assigned houses identified.  This listing operation will give the current total number of houses in the village which, as the village has likely now changed size, will be used to compute weights.  The other method divides the village into clearly defined segments.  Then one or more segments are selected at random, and interviewers are sent to the village with instructions to interview in all houses within the selected segment(s).  These two methods might well be used in combination – segmenting a village and then listing houses only within selected segments. Segments would be selected with probability proportional to size, and houses within selected segments selected with probability inversely proportional to size.

4. We should consider possibilities of using such probability methods but without the need for the pre-interview visit, which considerably increases costs.  Such methods are possible with the use of hand held computers (Matute & Fitch, 1991, Fitch, Flores, & Matute, 1995).  Interviewers could be sent into a selected village with a computer set to collect data within the village with the desired probability for that village.  The interviewer would be instructed to systematically walk through the village, point the computer at each house, touch the enter key, and interview if the computer said yes.  Alternatively, or in combination, the interviewer, operating under instructions given to her by the computer, could divide the village into segments by successive halving and then interview in all houses of the selected segment, or in those computer selected houses within the segment (Fitch, 1999b).   It is our belief that it is better to work at learning how to develop and use a statistically sound method, rather than to use one that is well developed and smooth running, but flawed.

The Lot Quality Technique


The WHO and people working in the developing world have in more recent years been developing and using, as an alternative to EPI, a method known as the Lot Quality Technique (LQT) for monitoring immunisation rates of children (WHO, 1996).  EPI, with a population of say villages, selects typically 30 of the villages with probability proportional to size.  The goal of EPI is to estimate the vaccination rate in the children of this population.  We have listed problems with the EPI method.  The LQT can have the same goal of estimating the vaccination rate in the children of some population of, let’s say villages, but it has the further goal of estimating rates in each village of the population.  The method speaks of the villages as lots.  In standard sampling terms the villages are strata.  We will describe some of the details of LQT, and some problems with the method.  Both EPI and LQT are designed to be easily understood and doable in developing country situations, and at the same time meeting, approximately, statistical criteria for unbiased estimation.  We believe that the obtaining of rates separately within each such lot, as does LQT, would often be extremely useful. We will end with a presentation of a variation of the LQT that uses a hand held computer.  It, being statistically sound, avoids the bias possibilities with the LQT.  (We should stress that LQT would be expected to give much better estimates, with regard to bias, than EPI.)  At the same time, with putting much of the burden of selection of households on the computer, it seems likely that more accurate lot estimates could be made in the same amount of time as is required by standard LQT procedures.

The population Confidence interval (CI) as a function of sample size

The 95% confidence intervals given in the table of Step 3, page 8, (WHO,1996) were apparently computed using, 
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 where, a) the proportion of children not fully vaccinated in the population is taken to be  .5,  b) n=Lm  c) L is the number of lots (strata) and d) m is the number of households selected from each lot, with the assumption that there is one, and only one, eligible child in each of the selected households. In the LQT when there is no eligible child in the selected household one is to visit neighboring households until one finds an eligible child. This, as will be analyzed below, biases estimates. 

 
Ignoring any finite population correction, and except for the minor detail of the divisor being n-1, this would be the CI equation where n children are selected using simple random sampling without replacement (srswor) from a population.  It is not strictly correct for estimating CIs with data collected using the LQT.  Without here going in details into each, the following problems, pertaining to different aspects of the LQT, can be listed as follows.

1. Collecting data from only one child where there is more than one eligible child biases results against children in families with more than one eligible child.  This bias could be controlled with weighting.

2. No procedure is given for randomly selecting the one child where there is more than one eligible child.

3. There is a more serious problem when lots vary in size.  We can illustrate this as follows.  The standard error, and hence the confidence interval, is greater when lot sizes vary.  In the example of 4.3, page 57, the procedure is given for weighting where a lot population is 9,000 for one lot and 1,000 for another.  Such weighting increases confidence intervals.  To illustrate this we generated two 48 lot data sets, the same except that with the first, lots are half of size 9,000 and half of size 1,000.  With the second set all lots are of size 9,000.  Standard errors were computed using the linearization method.  The confidence interval with size variation was 7% while with constant size it was 5%.  Note that these small intervals are due to the large number of lots – 48.

4. There is a problem that should be controlled in going from one house to another to find an eligible child.  As we have described in our analysis of EPI problems, in order that the estimation procedures are statistically sound, one must use child weights based on the number of households visited in order to find the desired number of children.  Alternatively households can be selected with known probability.  If one had a goal of finding 8 eligible children and the information available suggested that about one out of three households would have an eligible child, then one would use a selection probability where the expected selections was 24 households. 

5. Although it gets complicated it seems that most of the other problems and solutions considered with EPI hold for LQT, but to a lesser degree.

Estimating immunization rates within lots


Let us assume we have a list of all eligible children in a particular village (lot) and we draw a srswor of size 8 from our list of eligible children.  And let’s say that 2 have not been adequately vaccinated, with good vaccination histories for the other 6.  Thus the rate in the sample of 8 is 75% with a CI of 
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.  We may conclude at the 95% confidence level that the vaccination rate in the village is between 38% and near 100%.  Now our best guess is that the rate is about 75% but we would like to be more confident that the rate was not more like 40% or 50%, because if it were we would likely want to take action in the village.  For a more accurate estimate we need a larger village sample.  Let us imagine that we have sampled 8 children in each of two villages, and that we have found in both that also 6 out of 8 children have been adequately vaccinated.  And let us imagine that we sample 25 more children in each village.  In one we find only a total 5 of the 33 children without adequate vaccination for a rate of 
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, while in the other we find 18 of the 33 without adequate vaccination for a rate of 
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.  With the sample size of 33 in each village the CI in both cases is 
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%.  This means we can conclude at the 95% level of confidence that the true percent in the first village is between 68% and near 100% while in the second it is between 28% and 62%.  If the level at which we believe we should take action is where the level falls below 60% we can now be much more confident that we should be taking action in the second village than in the first.  We had no basis for making this decision with the initial sample of only 8 in each.  We can conclude that, where our lot quality surveying has a goal of deciding not only whether or not coverage is adequate in the population as a whole, but also gives useful information on coverage within each lot (stratum), it is desirable to be able to use lot sample sizes of say 20-30 as opposed to say 7-8.  EPI concentrating data collection within a single area can not expect to give accurate estimates for the lot as a whole.  The LQT corrects this by spreading data collection throughout the lot which gives us much more confidence with the LQT.

Possibilities with the use of hand held computers


It seems wise to us to use a method, such as LQT, which yields confidence intervals both for the population as a whole and for each stratum (lot). LQT procedures are much sounder statistically than EPI but as noted above there are still problems. Estimation is based on probabilities of the selection of each child for which data have been obtained and the LQT does not obtain and use exact probabilities, although the problems here may not be severe.  But these probabilities where efficient sampling methods are used, such as those noted below, can get to be too complicated for recording on forms and using to make estimates.  There is a case for the use of hand held computers, now known as Pocket PCs.  Such can be used both to select households and children with known probability, and can hold the information needed to compute the selection probabilities needed to make estimates.  The computer can be programmed to compute weights, and the data for each child along with the child weight could be input into a PC and confidence intervals computed using, e.g., Epi Info 2000.  But as the memory size and speed of these Pocket PCs grow, there is probably no reason not to plan to enter and hold all of the data in this computer. It can be programmed also to estimating the variances needed to obtain confidence intervals using the Taylor series linearization method - the method used generally, including by Epi Info.  Such a method is necessary where not all observations are equally weighted. 


Now let us consider the time involved in surveys using LQT, and alternative possibilities using a hand held computer. First let us make some preliminary remarks.  We will from here on write of dwelling units (DUs) as there may be more than one household in a DU and it is DUs that we are initially selecting, not households.  Now there may be maps available that have been drawn within, say the past six months, which show each DU in the village and which can be used.  If so the analysis to be made here of the time involved in selecting a sample of DUs would not hold.  But let us stress that the use of outdated maps may result in severe bias.  We (Fitch and Molina, 2000) found very severe bias in the 1995 Guatemalan Demographic and Health Survey where maps that were 2-3 years old were used. With LQT the village, and let us think of a stratum (lot) as a village, is divided into say 10-20 areas and the number of dwelling units in each is counted.  This in itself is likely to take a good deal of time.  It is in effect a mapping of the village.  Let us say that our decision is to obtain data from 12 children.  A sample of areas is selected with probability proportional to area size according to procedures given in the manual (WHO, 1996).  In each selected area the interviewer determines a direction at random, walks to the edge of the area counting DUs.  One of these DUs is selected at random as the starting DU.  This would be expected to take as much or more time than in selection using a hand held computer where the interviewer, with the computer and with whatever poor or outdated map that is available, walks systematically through the village. The computer is “pointed’ at each DU, the enter key is touched, and the computer says “yes” or “no”. This hand held computer method, in effect, maps the village as it exists at the time of interviewing and eliminates the need to divide the village into areas which might well be all that could be done on a first visit to the village.  Being generally faster, data from more children could be obtained. And the computer would allow more efficient use of the interviewer’s time.  Let’s say that the tentative goal was information from 10 children but information from 6 was obtained in only 2 hours and the interviewer had 5 more hours.  The probability for DU selection could be changed automatically by the computer program based on the amount of time remaining, so that the number of DUs selected would be expected to yield a total of not 10 children but 21, giving a significantly smaller confidence interval.


A simple selection program could be rather easily written for a Pocket PC but with complications here suggested, and many others, such a program could get to be very complicate.  For example it might be efficient to give the sampler-interviewing team a set of say 30 villages in which to collect data.  The team might then collect data in all 30 villages before returning to its home base.  And then the computer, if so programmed, could give all desired estimates and their confidence intervals.  The computer could record on flash memory the date in each village and the time data were collected from each child.  Such could be used in supervision.  The recording facility of the computer could be used to record the voice of each village person who gave permission to collect data.

Although it is not at all clear that such an effort, as suggested above, would prove feasible, it seems to us that - as the potential for efficient estimation of important health information is large - it would be reasonable to undertake beginning developments.  The team for such an effort would surely need immunization experts.  We as survey statisticians see the need for a central role in such an effort for a person very well grounded in sampling theory.  The hand held computer allows the use of correct statistical procedures.  The full potential should not be compromised by the programming of methods, familiar to people associated with pre-computer procedures, but not based on modern sampling theory. There is a danger of this. And of course the programming expertise needed is large.  We believe such a person might come from a computer sciences program who decided to also become expert in sampling theory. Alternatively such programming might be even better done by a survey statistician who decided to tackle the programming of Windows CE computers.
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