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Preface

The World Health Organization’s (WHO) Department of Immunization, Vaccines, and Biologicals has long provided guidance on
assessing vaccination coverage using both cluster and Lot Quality Assurance Sampling (LQAS) survey methods.

Over time, Expanded Programme on Immunization (EPI) coverage surveys have increased in complexity, matching the evolution
of the EPI since its inception in 1974. Although many of the previous surveys were likely done well, their implementation was
often not thoroughly documented and the methods used were open to criticism. This document updates previous versions of
the EPI coverage survey manual, focusing on methods to reduce bias, and improve the accuracy and precision of survey results.

This manual is for ministries of health (such as immunization programme managers, communicable disease epidemiologists and
surveillance officers) and their partners who are considering a vaccination coverage survey. The survey itself may be contracted
out to a research, or other, institution via a request for proposals (RFP), in which case this manual should help groups who
are writing the survey proposal to respond to the RFP as well as the team or committee who judges the responses, awards the
contract and monitors its implementation.

Much of the document is written in technical language appropriate for readers with a university degree or equivalent in statistics
or epidemiology, although the chapters on field implementation and use of results will be understood by those without such
expertise. At a minimum, readers who will be tasked with designing the survey and analysing the data need to be very familiar
with complex survey sampling, calculating sample sizes and conducting weighted analyses. Those who will be involved in
implementing the survey must understand the principles of ensuring data quality, in particular how to ensure that fieldwork
follows protocol and standard operating procedures. To make the document easier to read, an informal tone is used to say directly
to the reader what should be done, even if the reader is not the person acting on all aspects of the survey.

The WHO recommends that immunization coverage surveys use probability sampling methods and, in general, use census data
with lists of enumeration areas for the sampling frame. Therefore, excellent links with the central statistical office, or equivalent,
will be needed, and surveys should to be planned well enough in advance to allow time to obtain census data and maps. A
multi-disciplinary team or steering committee is recommended to oversee the survey, as detailed in Chapter 2, and should
include statistical expertise and individuals familiar with using census data, geographic information systems (GIS) and maps.

Many countries obtain survey data on vaccination coverage every 3—5 years from large-scale multi-purpose survey programmes
that meet most programme needs. Additional surveys may nonetheless be needed from time to time, for example, to evaluate
coverage achieved by vaccination campaigns, or after major changes have occurred in the vaccination programme. Surveys
should use rigorous statistical principles and prescriptive field protocols, which will require a substantial investment in time,
expertise and resources. The role of vaccination coverage surveys in programme monitoring must be carefully defined to make the
best use of resources. For example, it will rarely be a cost-effective use of resources to attempt to conduct surveys in every district
of a country. At the most peripheral health system levels, practical field methods such as health facility-based assessments
can evaluate multiple aspects of service provision, coverage and timeliness of each vaccine among clinic attendees, and can
stimulate improvement of vaccination as well as recording practices.

This document is one of several current and forthcoming tools to help countries conduct high-quality immunization surveys.
Other tools under development to complement this manual include training materials and methods, a step-by-step guide to



survey implementation, a discussion paper on defining the role of coverage surveys, and Vaccination Coverage Quality Indicators
(VCQI), an open source software with standard code for analysing immunization survey data. They will all be made available on
the following website: http://www.who.int/immunization/monitoring_surveillance/routine/coverage/en/, under survey methods.

In the past, most immunization programmes were able and encouraged to conduct their own vaccination coverage surveys.
Nevertheless, with the aim of obtaining more accurate, precise and reliable results, this paradigm has changed. Countries are
currently encouraged to conduct high-quality and statistically sound independently implemented vaccination coverage surveys
conducted by institutions or partners with statistical and survey expertise. The reasons for this change are many fold, but include
the EPI getting more and more complex with the addition of new vaccines targeting different age groups; increasing coverage
levels in most countries, which calls for more precise coverage estimates; improved survey and statistical methods as well as
tools to manage efficiently large databases; and a world where accountability is key for governments, partners supporting EPI
and for the beneficiaries of the immunization programme.

The contents of this manual are as follows:

Chapter 1, Introduction, summarizes the purposes and common methods of measuring coverage together with key points for
obtaining high quality data from surveys.

Chapter 2, Design the sample structure of the survey, discusses how to establish the objectives and inferential goals of a
survey and how to select an appropriate design to meet these objectives. Guidance for estimating the cost and time of different
design options is given, together with guidance on how to modify the design if certain options appear too costly, or are so large
that there may be doubts about the ability to obtain high quality data in a timeframe that will be helpful to the end users of
the information.

Chapter 3, Make concrete plans, explains how to prepare for fieldwork by planning the schedule, designing and pilot testing
the data collection tools, obtaining ethical clearance for the survey, and assembling a field staff.

Chapter 4, Conduct field work, provides information on how to organize the survey in the field, with particular attention to
methods to ensure good data quality. This chapter includes tips on the recruitment, selection, and training of field teams and
supervisors, descriptions of the supervisor’s role and responsibilities, and examples of checks that should be done in the field.

Chapter 5, Data entry, cleaning, and management, explains how to design the database, enter the data, clean the data, merge
datasets, and create a codebook (data dictionary).

Chapter 6, Tabulations and analyses, provides guidance on standard analyses to answer primary questions (such as coverage
by given age) and secondary questions (such as missed opportunities for vaccination), including table shells.

Chapter 7, Interpret, format, and share results, offers guidance on how to interpret the estimates of coverage and how precise
they are, to classify coverage at subnational levels, and aggregate data to estimate coverage at higher levels. This chapter also
offers guidance on what to include in the report, and importantly, how to communicate the results of the survey to stakeholders
and stimulate appropriate action in response to the results.
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1.1. Why vaccination coverage is assessed

Vaccination! coverage is defined as the proportion of a given population that has been vaccinated in a given time period. It is
estimated for each vaccine and, for multi-dose vaccines, for each dose received (e.g., diphtheria-tetanus-pertussis-containing
vaccine (DTPCV1, DTPCV2, DTPCV3)). It is usually presented as a percentage.

Measurements of vaccination coverage levels and trends are used to:

e monitor the performance of routine vaccination services at subnational and national levels, especially if administrative
reports are thought to be unreliable;

e measure the effectiveness of interventions to increase coverage;
e evaluate how well a supplementary immunization activity (SIA), or vaccination campaign, has reached the target population;

e provide insights into areas of programme weakness, for example, by showing the proportion of children receiving no vaccines
at all (often an indicator of access to health services), estimating the rate of dropout between starting and completing the
vaccination series (high dropout potentially indicating health system barriers to re-attendance or weakness of tracking
activities), and estimating the frequency of missed immunization opportunities due to non-simultaneous vaccination;

e measure the coverage of vaccines recently introduced into the national immunization programme and compare this to coverage
of traditional vaccines (if coverage of the newly introduced vaccine is lower, it may suggest vaccine supply problems and/or
suboptimal information, education and communications activities around the new vaccine introduction);

e contribute data to models of the impact of vaccination on disease burden, including risk assessment of outbreak potential; and

e actas anindicator of programme readiness to introduce new vaccines, in particular for receiving support from the Gavi, the
Vaccine Alliance for new vaccine introduction.

1.2. Methods for measuring vaccination coverage

Vaccination coverage can be measured by administrative reports or by several types of surveys. Unfortunately, in many countries,
administrative coverage estimates are inaccurate due to errors in the denominator (total target population), errors in recording
vaccinations at health facilities, and errors in compiling the data on vaccinations to report to higher levels (Cutts, lzurieta &
Rhoda, 2013). Substantial efforts are ongoing to improve administrative coverage estimates, including regular data quality
self-assessments and development of appropriate action plans, development and rollout of registry-based systems, increased
use of digital technology for the vaccine supply chain and for vaccination reporting, and renewed efforts to disseminate best
practices in vaccination recording both on home-based and health facility records. Administrative data have the advantage
of being available at all levels of the health system with very little delays, which enables programme managers to do real-
time monitoring, investigate potential problems and take remedial action. Improving the accuracy of administrative data is
a high priority. By improving recording practices and encouraging the retention of home-based records, investment in better
administrative data will also improve the quality of survey data.

Surveys can be helpful to monitor coverage while efforts to improve administrative reporting systems are ongoing (Cutts, Claquin,
Danovaro-Holliday & Rhoda, 2016). In coverage surveys, evidence is collected from vaccination records, usually home-based
records (HBRs), as well as from a vaccination history as recalled by the individual or, for a child, the child’s caretakers.

1 Inthis manual, vaccination refers to the administration of antigenic material (a vaccine) to stimulate an individual'simmune system to develop adaptive immunity to a
pathogen. Immunization refers to the process by which an individual's immune system produces an immune response. Immunity can occur due to natural exposure to
infectious agents or artificially through the administration of vaccine. Vaccination may not result inimmunity, due to impotent vaccine (through exposure to heat or freezing),
host factors, the child not receiving all doses of a multi-dose vaccine, the child receiving the vaccine before the recommended minimum age, the child receiving a subsequent
dose of a multi-dose vaccine before the recommended minimum interval between doses, or the efficacy of the vaccine itself. This manual describes how to conduct surveys
that measure the number of children vaccinated without making claims as to theirimmunological status or how that status was acquired.
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Some surveys supplement evidence from records and recall by collecting biological samples (usually blood, but sometimes oral
fluid samples) and measuring the presence of antibodies. Serosurveys use methods for collecting and testing specimens from
a defined population over a specified period of time to estimate the prevalence of antibodies against a given aetiologic agent
as a direct measure of immunity.

There are, however, several difficulties in trying to correlate seroprevalence with vaccine coverage. First, for most vaccines,
the presence of antibody following vaccination cannot be distinguished from that following natural infection. Exceptions are
the presence of tetanus antibody (which indicates vaccination because infection does not generate lasting immunity) and
hepatitis B vaccine (which induces antibody only to surface antigen whereas infection also induces antibody to other antigens
such as core antigen). Second, for multi-dose vaccines, detection of antibodies does not indicate reliably how many doses have
been received. Third, absence of detectable antibody does not necessarily mean that the individual was never vaccinated; the
individual may not have responded to vaccination (for example, due to cold chain failure), or antibody levels may have waned
to low levels that were not detected by the laboratory assay.

Biomarkers are therefore potentially useful to estimate population-level protection but not necessarily to validate coverage
measurements or vaccination programme performance (Cutts, lzurieta & Rhoda, 2013; MacNeil, Lee & Dietz, 2014; Cutts &
Hanson, 2016). The development of antibody assays on oral fluid samples for tetanus and measles may make surveys with
repeated sample collection more acceptable, and facilitate evaluation of vaccination campaigns. Separate WHO guidance for
hepatitis B serosurveys have been published (WHO, 2011), and are under development for measles-rubella serosurveys. The
measles-rubella serosurvey manual will build on the general issues of survey design, sample selection, and field implementation
described in this document. Serosurveys are not considered further in this document.

1.3. Population-hased surveys: cluster sampling

Population-based surveys can provide reliable estimates of coverage if designed appropriately and implemented with high
quality. Sampling should be done at one or more stages to capture a representative sample of the target population. Surveys
using cluster sampling are often more feasible to implement than surveys that use a simple random sample because fieldwork
is concentrated in a given number of clusters. It is difficult to do a simple random sample because a complete list of eligible
participants is often not available for the entire target population (see Chapter 2 and Annexes B1, B2, and B3). With single-
stage cluster sampling, clusters are sampled followed by a complete census within selected clusters. With two-stage cluster
sampling, sampling is also done at the second stage rather than taking a census. Other designs requiring three or more stages
may be appropriate in some settings.

In this manual, we discuss the use of cluster surveys for three purposes: to measure coverage achieved by the routine vaccination
programme in order to estimate coverage with stated precision (95% confidence interval); to c/assify coverage using qualitative
labels like probably adequate, probably inadequate, or intermediate; or to compare coverage, either with a previous survey, two
future surveys, or two subpopulations. In the past, the method that has been used to classify coverage is lot quality assurance
sampling (LQAS). This method has some disadvantages; in particular, it uses a priori defined decision rules to classify coverage.
This manual shows how to classify using cluster sampling to get estimated confidence bounds, which take the cluster design
into account.

A probability sample requires you to use a random mechanism to select the units to include in the sample. To avoid selection
bias, each eligible respondent should have a known and non-zero probability of selection. With this method, the sampling
probability is noted at each stage of selection so the sampling weights may be calculated later. Although they require additional
steps, probability samples are valuable because they allow you to:
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Generalize the sample results to the target population

Reduce the potential for selection bias due to fieldworker practices

Increase the comparability of survey data with those from ongoing large multi-purpose surveys such as the Demographic
and Health Surveys (DHS) [www.dhsprogram.com] and Multiple Indicator Cluster Surveys (MICS) [mics.unicef.org]

Calculate meaningful confidence intervals and confidence bounds

The DHS and MICS use highly standardized tools and processes to conduct their probability-based surveys, and their sponsoring
agencies provide substantial technical assistance and quality control for the design, implementation, analysis and reporting
of results (Hancioglu & Arnold, 2013). By contrast, the EPI coverage survey has historically been less standardized in its
implementation and reporting. Although it has played a key role in monitoring programme performance over the past 30 years
and in encouraging health workers to understand the status of vaccination of the communities they serve, the method has had
certain disadvantages (Brogan, Flagg, Deming & Waldman, 1994; Cutts, lzurieta & Rhoda, 2013; Grais, Rose & Gurthmann,
2007), including:

¢ Non-probability sample. In the original /mmunization Coverage Survey: Reference Manual (NHO/EPI/MLM/91.10), interviewers
were instructed to go house to house from a starting point until they enrolled a quota, usually of 7 children per cluster. Although
the starting point was identified using a random selection process, different households had unequal and unquantified
probabilities of being selected as the starting point. This was not a true probability sample.

o Selection of households by fieldworkers. This practice could introduce bias if fieldworkers were tempted to prefer easily
accessible households. For example, interviewers may choose not o interview families in areas difficult to access. These
families may also be less likely to attend vaccination clinics due to their location, and their information would be missed.

¢ Single design regardless of sample size or goals. There has been a tendency to use a single design (most often 30 clusters
of 7 individuals per cluster) without appropriate adaptation of sample size and survey design according to survey goals.
The 2005 reference manual (WHO, 2005) gave guidance on how to adapt the design, but in practice this guidance was not
often used.

o Limited revisits: There was often a failure to conduct or document revisits to households where the respondent was not
available at the first visit. Instead, it was common practice to replace non-responders with other respondents and not even
keep track of the number of household replaced.

¢ Incorrect assumption of self-weighing sample. Analyses of survey data required assuming that the sample was self-
weighting. This is rarely a valid assumption because sampling frames are often out of date, inaccurate or incomplete. In
addition, a self-weighting sample would only work with probability sampling, which was rarely used.

o Limited ability to assess quality. It was difficult for external reviewers or policymakers to assess the quality and reliability
of surveys because there was little or no documentation of quality control of fieldwork or of data management. Also, survey
meta-data were rarely made available internationally.

Globally, immunization programmes have made remarkable progress since the EPI coverage survey was introduced. Most countries
now have high coverage of an increasing number of vaccines delivered to several different age groups. Newer vaccines are
much more expensive than older vaccines, and strategies such as SIAs are resource-intensive, providing vaccines to wide age
groups. Hence, it is ever more important to have high-quality data for programme monitoring and evaluation. When coverage
surveys are done, results must be credible to national and international policymakers. This manual offers updated guidance
on EPI coverage surveys to address the changing context of the EPI.
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1.4. Changes to previous methods and materials

Improvements to the EPI survey method in this revision of the manual include the following changes:

Use a probability-hased sample. The most significant change is that WHO now recommends using probability-based sampling
methods at each stage. See section 3.6 for guidance on how to choose between single-stage or two-stage sampling. See Annexes
E and F for guidance on how to implement probability sampling within selected clusters through the use of household listing
and mapping.

Have households selected by a central group of planners rather than interviewers in the field. To avoid selection bias, the
survey coordinator or statistician, instead of field teams, should be responsible for the selection of households or segments. This
will improve representativeness, ensure that sampling probabilities can be calculated, and facilitate supervision and external
monitoring of adherence to the survey protocol. See section 3.6.6.

Eliminate the residency requirement. The 2005 EPI manual proposed that only persons who had been residing in the area
for at least six months be included in the sample. The updated guidance removes this requirement because it can lead to
potential bias: migrant populations, including seasonal workers, would not be located in their usual residences and so would
not be eligible to enter the survey at their temporary living site. They would thus not have the opportunity to be included in
either sample. Given that highly mobile population groups may be less likely to be fully vaccinated, their exclusion could bias
vaccination estimates upwards. Instead, WHO recommends including both residents and all other persons who slept in the
household the previous night, as is usually done in DHS and MICS. Likewise, the document proposes adding a question to the
individual questionnaire to document how long each surveyed individual has lived in that household. (For SIAs, the question
could be expanded to determine whether they were living in the areas included in the SIA at the time of the SIA). Including all
persons irrespective of residence will help immunization programmes assess their ability to enlist and provide services to any
new arrival and track those who have moved into and out of an area.

Interview every eligible child in the household. Earlier protocols had interviewers select a single respondent when a household
contained more than one eligible individual. This manual recommends collecting data for every eligible child in every household
surveyed for routine immunization surveys, because there are not many children per household in 1 or 2-year cohorts in the
general population. For SIAs where age eligibility may range from 9 months up to 15 years or older, it may make more sense to
sample eligible children within households. It may also make sense for situations like serosurveys, because of the substantial
burden and cost to enrol all age-eligible individuals. See section 4.1.3

Conduct a weighted analysis. Under the process set forth in this manual, the probability of an individual being selected will
vary from cluster to cluster, as will the number of completed questionnaires. Therefore, it is essential to conduct a weighted
analysis that accounts properly for the complex sampling design. It is also essential to ensure that the aggregates from the
sample are accurate estimates of the equivalent parameters of the target population. See section 6.2.

Select an appropriate sample size for the survey goals. The traditional EPI cluster survey chose a fixed sample of 7 children
in 30 clusters (7 x 30) to guarantee a maximum absolute confidence interval width of + 10% at an assumed coverage level of
50%, and design effect of 2. A maximum precision of = 10% was acceptable at that time because vaccination coverage was
expected to be fairly low, and programmatic decisions at such levels did not require greater precision. Nowadays, there is great
variation between countries in terms of immunization schedules and programme strategies, and within countries in terms of
coverage. There is a range of potential goals for immunization coverage surveys. This document offers updated guidance on
estimating the appropriate sample size for a variety of goals, including detecting differences in coverage between administrative
areas, detecting changes over time in the same administrative area, or confirming coverage levels in SIAs or other activities
that require high levels of coverage. See section 2.7.
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Take account of multiple potential survey goals and determine the most feasible combination of goals to address in the
survey. One increasingly common scenario is that a survey is done to evaluate coverage in a SIA that targeted a wide age group
(for example, up to age 15 years for measles-containing vaccine (MCV) or up to age 30 years for meningococcal vaccine), and
programme planners and partners want to investigate variation in province or district coverage. A stratified cluster design
may be used which has a sample size adequate for classification at peripheral levels and for estimation of coverage at higher
levels, as long as probability sampling and strict quality control are used at all levels. We give guidance on how to calculate
sample sizes for multiple objectives, how to review the priorities of each objective, and how to compromise where necessary.
See section 2.12.

Visit health facilities to find vaccination records. Traditionally a child’s vaccination status has been inferred from home-based
records or the caretaker's memory. Given the number of vaccinations now offered and the potential to confuse vaccinations
received during SIAs with those received through the routine programme, it is increasingly difficult for caretakers to know and
remember all the vaccinations a child had received. When the home-based record is not available, or is poorly filled (illegible or
incomplete), WHO recommends that vaccination documentation be sought at the child’s usual health care facility(s) in addition
to asking for and recording the caretaker’s recall about the child’s vaccination history.

The caretaker’s recall is still useful because it may be difficult to obtain complete vaccination data from health facilities for
several reasons. The individual may have been vaccinated at multiple health facilities (including some in other geographic
areas), or given vaccinations during outreach sessions that were not recorded in the health facility register. Vaccinations that
are recorded are often done by date of visit rather than by registering each individual on only one page of the register, making
it difficult to search for the relevant data. Another challenge is that registers may not be available for all age cohorts included
in the survey.

When feasible, using health facility records is an important additional component of credible coverage surveys, until an effective
method is implemented to improve the availability, use, and retention of home-based records. See section 3.7. This requires
extra time and expense, but should increase the accuracy of coverage estimates. It has the added benefit of reinforcing the
importance of good record keeping at health facilities.

Photograph vaccination cards and health facility registers. It is essential to record the dates from health records accurately, in
order to draw strong conclusions about the timeliness and validity of vaccination. Data entry typing errors are more common for
entering dates than for other types of survey responses. Digital cameras are inexpensive now, and smartphones are increasingly
available, having the added advantage of geographical positional systems (GPS) capability, and we recommend that protocols for
new surveys include a step of photographing cards and registers so dates can be verified during data cleaning. This will require
some data management to track photo file names and associate them with the appropriate survey records. See section 3.4.5.

In summary, this manual aims to reduce the main sources of error in coverage surveys using methods shown in the table and
detailed in the following chapters.



0 Introduction

Tahle 1. Main potential sources of error and strategies to minimize them in immunization coverage
surveys

Source of error Effect of error on results Strategies to minimise error
Random error

Sampling error Reduces precision Choose optimum sample design (e.g. number and size of clusters) and
adjust sample size to achieve desired precision while retaining budgetary
and logistical practicality

Systematic error

Selection bias Depends on size of excluded Use most recent census data available
sampling frame population and difference in If large populations have been excluded (e.g., security constraints at time
vaccination uptake between those = of census), consider special efforts to include them
excluded and included Be clear when writing report which populations may have been excluded
and what the likely effect is on coverage
Selection bias Non-probability sampling may Use probability sampling method
sampling procedures | lead to bias in either direction Use appropriate weighting in analysis
Selection bias Most likely to lead to upward bias = Pre-select households and ensure strict supervision
poor field procedures | in coverage results Conduct survey at time of year and of day when people most likely to be
available

Work with communities to enhance survey participation rates
Conduct revisits as necessary to locate caretakers and HBRs
Do not substitute households

Information bias May under- or over-estimate Consider publicising reminders about HBRs prior to survey

Lack of HBR or poorly | coverage depending on how Allow time for mothers to look for HBR, revisit if necessary

filled HBR missing data are handled Include questions as to condition of HBR and checks for errors
and how HBRs are read by Seek health facility-based records on children without HBR or with poorly
enumerators filled HBR

Information hias Caretakers may forget how many  Ensure interviewers maintain neutral attitude

Inaccurate verbal doses have been received or may  Give time to mothers to respond

history over-report if feel pressure to say  Shorter questionnaires likely to have less interviewee fatigue
they have been vaccinated Standardize questions, use visual aids, close supervision

For tetanus toxoid, ask careful questions about all doses received in
previous and current pregnancies and in campaigns

Data transcription ~ May increase data classed as Conduct close supervision
and data entry missing Photograph vaccination records
errors Can bias coverage results Conduct range and consistency checks while enumerators can revisit
household if necessary to correct data
Missing data If non-random, biases result, Conduct high-quality planning, training and supervision
often upwards Include appropriate statistical adjustment for missing data

Table published in: Cutts FT, Izurieta HS, Rhoda DA (2013) Measuring Coverage in MNCH: Design, Implementation, and Interpretation Challenges Associated
with Tracking Vaccination Coverage Using Household Surveys. PLoS Med 10(5): €1001404. Table doi:10.1371/journal.pmed.1001404.t002
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The survey design process is iterative and often requires revising the primary questions and goals. Programme managers and
donors often start with ambitious and expensive survey goals, such as knowing the exact coverage in every district. Once they
see the sample size and budget required, however, they may choose to modify the goals. For example, they may change the goal
from estimating coverage at district level to doing so at provincial level, or they may just select a few districts where precise
coverage estimates are needed (where major demographic or programmatic changes have occurred recently). They may decide to
do separate surveys in these few districts in addition to a national survey, rather than trying to estimate coverage in all districts.
Figure 1 illustrates the iterative process of identifying compatible survey goals and budget and timeframe.

Figure 1. Early steps in survey design

Identify primary questions (section 2.3) <+ .

|

v I

|

Translate questions to inferential goals (section 2.5) 4 -

|

¢ |

|

Select a study design to meet the goals and calculate sample ¢ -

size (sections 2.6 and 2.7)

Estimate budget and timeline (section 2.9)

+

No?

Affordable &
Timely?

¢ Yes

Begin Survey Planning

2.1. Convene a survey steering group

Forming a task force or steering group will help coordinate the complex task of designing and conducting the survey.
Representatives may be solicited from the host country’s national ministry of health, national census agency, WHO, UNICEF, the
funding agency, and other partners. Ideally, some members should have experience with past vaccination surveys in the area so
the group can customize the survey to the local context, and anticipate and address the country’s unique challenges. Because
this revised manual relies on more rigorous statistical design and inference than earlier versions did, it will also be helpful for
the steering group to secure technical assistance from a sampling statistician in the early stages of the work.
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2.2. Discuss the purpose of the survey

Surveys can be expensive and time-consuming, so check existing information and data first to see if a new survey is truly
necessary (Cutts, Claquin, Danovaro-Holliday & Rhoda, 2016). If you decide to spend the time and money to do a survey, follow
the steps in this revised manual to ensure that it your survey is a useful and worthwhile investment.

Discuss the goals of the survey and the levels at which representative results are required. Administrative or geographic levels
could include national, subnational (called province throughout this manual) and peripheral levels (called district throughout
this manual). For the purposes of this manual, a district probably has 10,000+ population. The end of the chapter contains
recommendations for addressing multiple questions and results calculated for more than one administrative level.

2.3. ldentify primary questions that affect survey design and sample size

[t will be helpful to identify one primary coverage outcome or question, and then use the material in Annexes B1, B2, and B3
to determine the survey sample size. The survey will usually address several other secondary goals such as assessing dropout
rates, validity and timeliness of doses, missed opportunities for vaccination, or reasons for not being fully vaccinated, but in
most cases you will not use these questions to determine the sample size (see Chapter 6).

There are three major types of primary questions. An estimation question is a descriptive question that will result in a quantitative
estimate of coverage. Classification questions yield qualitative coverage labels like “PASS” or “FAIL” or “INTERMEDIATE”
instead of precise quantitative estimates. Comparative or hypothesis testing questions compare coverage with an important
programmatic threshold or across time, or between populations or geographic strata, or between levels of other characteristics
like sex, education, or wealth.

2.3.1. Descriptive or estimation questions
Here are some common descriptive or estimation questions, which lead to a quantitative estimate of vaccination coverage:

What is the target population coverage by a vaccine-dose combination (for example, DTPCV1, DTPCV2, and DTPCV3)!?

What proportion of the target population is fully vaccinated according to the national schedule??

What proportion of the target population was vaccinated during an SIA (also known as a vaccination campaign)?

What proportion, or how many, of the individuals vaccinated during the SIA had never been vaccinated with those vaccines
before?

What proportion of children born in the last 12 months were protected at birth against tetanus?

2.3.2. Comparative or hypothesis-testing questions
Comparative or hypothesis-testing questions such as the ones below allow you to compare coverage over time, or between
sexes, populations, geographic strata, etc.:

e Has coverage for a vaccine improved since the last survey measurement?
o |s there evidence that coverage (routine and/or SIA) differs between provinces or districts?®

—_

[t will be helpful for the survey steering group to review the latest vaccination schedule and discuss which vaccines to assess and whether recent changes or vaccine
introductions will make the survey especially complicated. For example, if new home-based records or cards are issued that list new vaccines, then survey staff will need
to be trained to read both the old and the new cards.

2 The definition of “fully vaccinated” may vary from country to country, may vary over time, and it may include only a subset of all vaccines; make the definition clear from
the very start of the project.

2 There are appropriate quantitative tests to evaluate whether an observed difference is statistically significant but further judgment will be needed to decide whether the
differences are meaningful or programmatically significant.
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e |sthere evidence that coverage (routine and/or SIA) in one sub-population is higher than another (for example, boys vs. girls,
those with uneducated mothers vs. those with educated mothers, indigenous vs. non-indigenous)?

e Are survey results consistent with the administrative coverage estimate (for example, within = 5 percentage points of the
administrative estimate)?

2.3.3. Classification Questions
Questions such as the ones below may be used to produce qualitative labels like “high”, “intermediate” or “low” to classify
coverage for either routine vaccination or post-SIA surveys:

e Which health districts have coverage that is below an important programmatic threshold (for example, DTPCV3 coverage
below 80%)?

e Which health districts have coverage that is above an important threshold?

e Which health districts have estimated coverage so close to the threshold that the survey does not tell us with 95% confidence
whether it is above or below the threshold?

2.4. Define the target population

To clarify the primary questions, it is important to specify the eligibility criteria for the population you plan to survey. For
evaluations of routine vaccination coverage, target populations are defined in 12-month groups to represent annual birth cohorts.

Use the following criteria to define the population for most routine vaccination coverage surveys:

e children aged 12—23 months, if the final primary vaccination is at 9 months of age — this is the most commonly chosen
target population;

e children aged 24-35 months, if the age recommended for the vaccination (for example, MCV2, DTPCV4) is between 12—23
months of age;

e women who gave birth in the last 12 months* (whether the child survived or not), if evaluating tetanus (vaccination with
tetanus toxoid (TT) or tetanus-diphtheria vaccine (Td)) coverage among pregnant women and whether their children were
protected against neonatal tetanus at birth; and

e girls aged 15 years (and not yet 16), if evaluating human papilloma virus (HPV) vaccine in a country where HPV vaccine is
recommended for girls 9—14 years old. This age range may need to be adapted according to the vaccination schedule in
each individual country.

For evaluation of SIA coverage, remember that the age group targeted by the SIA is sometimes stratified to provide precise
estimates within subgroups (for example, <5 year-olds, 5-9 year-olds, 10—14 year-olds, etc. for a measles-rubella (MR) SIA).

2.5. Set inferential goals

Once you have identified the survey’s primary questions, you are ready to set inferential goals. An inferential goal states how
much uncertainty is acceptable in the primary outcome.

4 Respondents who gave birth in the past 12 months are used for evaluating Td or TT coverage because this yields information about the most recent vaccination activities
(that is, those that occurred within the past year) and the protection of the most recently born children and their mothers. Surveys that evaluate tetanus toxoid coverage
usually involve interviewing women who gave birth in the last year, but might also include a selection of women of childbearing age regardless of when they last gave
birth, if this group was targeted for Td or TT vaccination.

12
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In general, the more certain you need the outcome of the survey to be, the more respondents you will need (larger sample size),
and the more expensive the survey will be. In an extreme case, a census of all eligible children would reveal vaccination coverage
at the national, province, and district levels very precisely. A full census would be very expensive and impractical; to reduce the
survey costs, we assess vaccination status in a representative sample of children and accept some uncertainty in the results.

Uncertainty and inferential goals are described in different ways depending on the primary survey question.

o When estimating coverage, the inferential goal is expressed as a confidence interval (Cl). Select a sample size that balances
precision (typically represented with the 95% confidence interval) with the budget and time required to survey large numbers
of respondents. For example, you might estimate the proportion of children who are fully immunized by one year of age, with
the 95% Cl no wider than + 5% if the coverage is 70% or higher.

e When classifying coverage, the inferential goal is expressed using the probability of classification error (often called
misclassification). The sample sizes usually compromise between the likely rates of misclassification and the available budget
and time. In this case, define the thresholds against which the province or district is classified, and then set upper bounds
on the probabilities of classification errors. See Annexes B1 and B2 for more detail. For example, if you want to classify SIA
coverage as low or high, and low means under 85%, then you might specify that the probability that any particular district
with actual SIA coverage truly above 90% is misclassified as low should be 5% or smaller. That is, there is less than a 5%
chance of failing a district that has coverage above 90%. Likewise, the probability that any district with actual SIA coverage
truly below 80% is misclassified as high should be 10% or smaller.

o When comparing two coverage estimates using a formal hypothesis test, the inferential goal is expressed as statistical power.
The design and sample size are the result of a compromise between the ability to find a difference of a programmatically
relevant magnitude (statistical power) and the available budget or time. Statistical power is usually characterized by three
parameters:

1. The minimum detectable difference between two groups, or between a fixed threshold and the survey sample.

2. The probability of making a Type | error, usually named « (alpha). This refers to the probability that the hypothesis test
will declare the difference to be statistically significant when in truth there is no underlying difference.

3. The power of the test, which is the probability that the hypothesis test will find a statistically significant difference given
that the difference exists in the population quantities. Power is often expressed as 1-@ (beta). See Annex B3 for more detail.

For example, to assess whether national coverage has improved since the last survey, you might conduct a 1-sided hypothesis
test, setting o to 5% and yielding at least 80% power (B = 20%), to detect an improvement in coverage if the true difference
has increased by 10% or more.

2.6. Select a survey design

Once you have identified your primary questions, determined eligibility criteria, and specified your inferential goals, you should
be able to propose a cluster survey design, sample size, and analysis plan to meet those goals. This section describes survey
designs for estimating and classifying coverage.

If you are planning a survey that requires multiple outcomes, populations, administrative regions, or geographic levels (national,
province, district), it is strongly recommended that you consult with a sampling statistician. We provide some guidance for these
situations at the end of this chapter, but such designs are complex and are most successful with a statistician’s assistance.
In simpler situations, you should be able to use the tables in this document to identify a design and sample size to meet the
goals of your survey.

13
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2.6.1. Survey design for estimating coverage

If the goal of your survey is to estimate coverage with a point estimate and confidence interval, even at the lowest level of the
health system under study, you will need a fairly large sample size. Figure 2 shows that surveys for precise estimation in each
stratum are based on larger samples with more clusters, compared to surveys designed primarily to classify at the lowest level of
geographic stratum. The sample size tables in Annex B1 will help you establish the number of respondents and clusters required.

2.6.2. Survey design for classifying coverage

When the survey’s goal is to c/assify coverage, you may be able to use smaller sample sizes. This can lead to substantial cost
savings, but be sure that classification is all that is required, because this design may not yield a precise quantitative estimate
of coverage at the lowest geographic level of the health system under study. To be sure that the sample adequately captures
heterogeneity in coverage, we recommend using a minimum of 15 clusters in each stratum for a classification survey.

If designed properly, small surveys that classify coverage at the lowest level under study may combine the data across strata

to estimate coverage at the higher levels (national). This design can be cost effective, and the estimates at the aggregated
levels are often quite precise.

Figure 2. Precise estimation uses larger sample sizes than classification

Use a relatively large cluster
Yes sample (30+ clusters per stratum)
] for descriptive or comparative
results. Use Table B-1 in Annex B1
to calculate an effective sample
size.

[s estimation
(coverage estimate
with CI) required at
the lowest level under
study (e.g. districts)?

l No?

Use a smaller cluster survey to
classify at the lowest level and
aggregate up to estimate at higher
levels. Be sure you have at least
15 clusters per stratum. Use
Tables B-2 or B-3 in Annex B1 to
calculate an effective sample size.
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2.1. Calculate the required sample size

To budget the survey accurately, you must calculate a sample size that will yield a dataset that meets the inferential goals.
Annexes B1, B2, and B3 describe the parameters needed to calculate sample sizes. Work with the annexes or a sampling
statistician to select a sample size (number of clusters and target number of respondents per cluster).

Box 1. Oversampling

If you plan to report precise survey results in several demographic subgroups, you must ensure that there are a sufficient
number of respondents in each group. When a subgroup is comparatively small in the population, it is sometimes necessary
to oversample members of that group, to purposefully interview more members of that group than might have appeared
randomly in the sample. The respondents are still selected in a random fashion so their results are representative of the
subgroup population. But the sampling plan takes specific measures to draw more respondents from areas where that
subgroup lives. The precision of subgroup coverage estimates is determined by the subgroup sample size. When a survey
oversamples some groups, their survey weights are specifically adjusted so their responses represent the appropriate
proportion in calculations that combine subgroups. If it is important to obtain precise coverage estimates for demographic
subgroups in your survey, work with a statistician to develop an appropriate sampling plan.

2.7.1. Sample size for estimating, classifying, or comparing coverage

For surveys of several non-overlapping geographical areas such as provinces or districts, where coverage will be assessed in
each stratum, it is traditional to conduct what is essentially a separate survey in each stratum. The stratum-level results are
often combined to estimate an aggregated coverage figure. For example, the steering group may wish to estimate coverage in
each province in a country to within + 5%, and also to combine the provincial figures to obtain a national coverage estimate
with even more precision. See section 2.13 (near the end of this chapter) for specific advice regarding surveys conducted in
several geographic areas at once.

Whether the goal is estimation of coverage with a confidence interval, or classification of coverage with respect to a threshold, a
certain number of households must be visited to yield enough eligible, cooperative respondents to meet the survey’s inferential
goals. This number is calculated by identifying a set of five numbers to multiply together: Ax B x C x D x E. These parameters
are described below, with additional details in Annexes B1, B2, and B3.

A. Identify the number of strata in which you will repeat the survey.

B. Use a table or equation to identify the base sample size per stratum (the effective sample size) — this is the sample size
that would be needed with a simple random sample.

C. Use a table or equation to identify the likely design effect (DEFF), which is a multiplier required because this is a cluster
survey and vaccination status is likely to be spatially correlated. Earlier survey guidelines have assumed a design effect
of 2 when you lack a recent estimate from a similar survey in your country. Annex B1 shows how to estimate design effect
using Table C; it suggests being conservative and selecting a higher value to make it likely to meet the inferential goals in
strata where coverage varies substantially from area to area and cluster to cluster.

15
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D. Estimate the average number of households you will need to visit to find an eligible respondent. This will depend on the
demographics of the survey target population as well as the birth rate and average household size in the country. It may vary
between different regions or between rural and urban areas. In areas with disruption or seasonal mobility, this parameter
might take into account the likelihood of abandoned or uninhabited households.

E. Use a table to identify a multiplier that accounts for expected non-response due to persons not being at home after at least
two revisits, or eligible persons who refuse to participate.

For classifying coverage, there are additional parameters relating to the thresholds being examined (for example, probably
below 90% or probably above 80%) and the probability of classification errors. Annex B2 describes each of these parameters.

Similar calculations are used to calculate sample sizes for comparing coverage, for example, to compare provinces over time,
or HPV coverage among girls who do and do not attend school. For surveys comparing coverage, you will also need to specify
the parameters for power and statistical significance.

Use Annexes B1, B2, and B3 to guide your selection of figures to multiply together. The next section discusses some of the
common parameters used to calculate the sample size required to meet the survey’s inferential goals.

2.7.2. Common parameters for sample size calculations

The calculations for each inferential goal require certain parameters. Gather these numbers, or estimate them, before you
do the calculations. This section briefly describes the main parameters; additional definitions and details are in Annex A and
Annexes B1, B2, and B3.

¢ Target population size: If the sample size turns out to be >10% of the target population then it will be worthwhile to apply
a finite population correction to the sample size calculation and to the estimation equations. The details are not described
here. Contact a sampling statistician for assistance.

¢ Anticipated vaccination coverage (p): The steering group will often have an idea of what coverage levels the survey will
find, and those expectations can affect sample size. For a fixed level of precision or statistical power, larger sample sizes
are required if the expected coverage is near 50%, while smaller sample sizes will suffice if the coverage is expected to be
near 0% or 100%. This parameter may vary for different strata if the steering committee has sufficient information about
the expected coverage in each stratum.

e Intracluster correlation coefficient (ICC): This is a measure of correlation of responses within clusters. This number
affects the design effect (DEFF) and therefore affects the sample size calculation. Usually, you will not know this number
in the planning stage, so you can use an observed figure from a recent survey in the study area. Alternately, you can use a
conservative value that is slightly larger than what is likely to be observed in the field, to increase the likelihood that the
results will have acceptable precision. Annex B1 gives some guidance on selecting ICC values.

e Confidence level (o): This is usually 5%. The confidence intervals for estimation will be (100-«) %, or usually 95%.

e Confidence interval (CI) half width: This measures the precision of a coverage estimate. If the (100-a) % Cl should be no
wider than = 5% (for example, Cl = (52%, 62%)), this value will be 5%. The more precise the estimate, the narrower the

Clwill be, and a larger sample will be required. If less precision is acceptable, the Cl will be wider and the required sample
size will be smaller.®

5 Coverage figures are proportions, and the confidence interval (Cl) for a proportion is essentially symmetric when the proportion is near 50%, but it is skewed if the
proportion is near 0% or 100%. In this document, the sample sizes are designed so both sides of the Cl are smaller than the precision target. That s, if you select a sample
size to yield + 5% precision, both the shorter and the longer sides of the Cl should be < 5%.
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o Target number of respondents per cluster (m): This parameter is usually selected to fall between 5 and 15, and is based
on the number of households a data collection team can visit in a day as well as the total number of target respondents
expected in an average size cluster, assuming that all eligible respondents in those households visited are interviewed. We
call this figure a farget because we cannot know precisely how many eligible respondents will be found in each cluster. The
number of completed questionnaires will vary from cluster to cluster, and the average number of eligible respondents per
cluster will hopefully be > m.

o Target number of clusters per stratum: The total sample size divided by myields the target number of clusters per stratum.
This number is fixed at the time the sample size is selected, and the clusters are selected randomly.

e Parameters relating to the statistical power of the test and the probability of errors. Annex B3 describes each of these
parameters.

The next section provides a few examples of how to set these parameters.

Box 2. How much precision do you need?

After you carefully conduct a survey and estimate coverage and a 2-sided 95% confidence interval, imagine for a moment
that you could request a visit from a helpful magical genie who will tell you the true proportion of children in the target
population who have been vaccinated. Lucky you! She appears and tells you that the true coverage value is at the highest
limit of the 2-sided confidence interval. You thank the genie ... she disappears ... and you prepare to act upon the
coverage result. Imagine further that the embarrassed genie returns unexpectedly and confesses to a clerical error—the
true coverage figure is not at the highest limit, but is actually at the very lowest limit of the 2-sided confidence interval.
She begs your pardon and disappears again. What would you do? Would this new information change your plans for action?

If you would take the same action now that you know coverage is at the lower limit that you would have taken if coverage
were at the upper limit, then the 2-sided confidence interval is precise enough for your purposes. But if you would take
different actions depending on whether true coverage is at the lower or the upper limit, then we might say that the estimate
is not precise enough. You need more precision.

2.7.3. Examples of calculating a sample size

Example 1: National level coverage only

If the steering group wishes to estimate national-level coverage with confidence intervals no wider than = 10% when coverage
is at 50%, then the tables in Annex B1 indicate that the numbers for Ax B x C x D x E should be as follows:

A. Number of strata = 1 (national estimate only)
B. Effective sample size = 103 (Annex B1, Table B-1)

C. Assume we will collect data from an average of m=7 respondents per cluster and assume an intracluster correlation coefficient
of 1/3, so the design effect will be 3. (Annex B1, Table C)®

D. Assume that an eligible child will be found in an average of 20% of the homes visited, based on the estimated number of
households with children in the target age, so we must visit an average of 5 homes per eligible child.

E. Assume that 10% of families with eligible children will either not be at home when the survey team visits, or will refuse to
participate in the survey, so we inflate the sample size by 11% to account for likely non-response. (Annex B1, Table E)

6 Inthis example we are using a conservative value of ICC and temporarily ignoring any extra DEFF that will result from unequal weights. If we have results from an earlier
similar survey, we could also calculate the unequal weighting term of DEFF that is described in Annex B1.

17



World Health Organization vaccination coverage cluster surveys: reference manual

These values can be combined to calculate several quantities that are important for planning and budgeting purposes:

1. Estimated total target respondents with completed questionnaires: target = Ax B x C = (1)(103)(3) = 309. The actual number
will vary because different clusters will yield different numbers of eligible respondents.

2. Total households to visit to yield approximately 309 completed questionnaires: (Ax B x C) x D x E = (309)(5)(1.11) = 1,715

3. Number of clusters = BT’;C = 3;£ = 44.1. Round up to 45.

4. Number of households to visit per cluster =D x Ex m = (5)(1.11)(7) = 38.85. Round up to 40.

In this example, the survey calls for 45 clusters (that is, census enumeration areas or EAs)—to be randomly selected across
the country. If EAs are likely to hold substantially more than 40 households, then the EA can be divided (using detailed maps)
into segments that each hold about 40 households and a single segment can be randomly selected (see Annex E).

This selection is done before the data collectors go to the field. The team planning the survey logistics will either use quality
satellite maps or will make a planning trip to each cluster. In either case, they will draw an excellent map of the cluster and
its boundaries. After selecting one random segment they will prepare a map for the field data collectors to use, showing the
boundaries of the selected segment very clearly. Field data collectors later visit the clusters and visit every household inside
the cluster (or segment) boundaries, taking data from all eligible respondents. The number of completed interviews per cluster
will vary because the team is not doing a quota sample but instead interviewing every eligible respondent in the pre-selected
segment. On average, the survey should yield about seven completed surveys per cluster. Planners can decide whether a team
can do all the work in a cluster in a single day, or whether it is more realistic to plan two days of work per cluster, accounting
for the need to revisit households where no one is at home during the first interview attempt. The planners can also decide how
many people make up a data collection team and how many teams one supervisor can effectively serve. These factors all affect
the estimated budget for the survey.

Example 2: National and provincial coverage

Now assume that the steering group wishes to estimate routine vaccination coverage in each province as well as at the national
level. In a country with five provinces, this essentially involves conducting five separate surveys, and then combining the results
in a weighted fashion to estimate national level coverage. Suppose the steering group wishes to estimate coverage in each
province with confidence intervals that are no wider than + 5% when coverage is at 50% in each province. The tables in Annex
B1 yield the following:

A. Number of strata = 5 (one survey in each province)
B. Effective sample size = 401 (Annex B1, Table B-1)

C. Assume we will collect data from an average of m=7 respondents per cluster, and assume an intracluster correlation
coefficient of 1/3, so the design effect will be 3. (Annex B1, Table C)’

D. Assume that an eligible child will be found in an average of 20% of the homes visited, so we must visit an average of 5
homes per eligible child.

E. Assume that 10% of families with eligible children will either not be at home when the survey team visits or will refuse to
participate in the survey, so inflate the sample size by 11% to account for likely non-response. (Annex B1, Table E)

These values can be combined to calculate several quantities that are important for planning and budgeting purposes:

7 Asinthe earlier example we temporarily ignore the term in the DEFF equation that accounts for unequal weights. Before finalizing the sample size, we should consider
inflating DEFF based on what we can anticipate about the weights, as described in Annex B1.
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1. Total target respondents with completed questionnaires: target = Ax B x C = (5)(401)(3) = 6,015. The actual number will
vary because different clusters will yield different numbers of eligible respondents.

2. Total households to visit to yield an average of 6,015 completed questionnaires:
(AxBxC)xDxE=1(6,015)(5)(1.11) = 33,384

Target households to visit in each province: Bx Cx D x E = (401)(3)(5)(1.11) = 6,677
Number of clusters per stratum = % DI 172
Number of households to visit per cluster =D x Ex m = (5)(1.11)(7) = 38.85. Round up to 40.

Total clusters in the survey = AxBxC _ (@0DE) _ o
m 7

o o Bow

In this example, 172 clusters will be randomly selected per province. In each of those clusters, detailed maps will be used to decide
how and whether to segment the cluster to identify a randomly selected contiguous group of 40 households. All 40 households
per cluster will be visited and field data collectors will complete a questionnaire for each eligible respondent. The number of
completed questionnaires will vary per cluster, but the average should be near 7. Separate weighted coverage figures will be
calculated for each province, and then all the results may be combined in a weighted calculation to estimate national level
coverage. The national coverage figures will be extremely precise, having a combined effective sample size of (401)(5) = 2,005.

Note that increasing precision from + 10% in Example 1 to = 5% in Example 2 increased the effective sample size from 103
to 401. It is costly to have an increased sample size to improve the precision. See Table B-2 in Annex Bl for additional detail
on this point.

Example 3: Imprecise estimation for classification at the province level

In Example 2, it would be quite expensive to achieve an effective sample size of 401 per province. Upon reflection, the steering
group may decide that they do not strictly need + 5% precision everywhere, but rather they want to clarify which provinces have
very high coverage, which ones have very low coverage, and which are likely to have coverage in between.

For example, if an important programmatic threshold for DTPCV3 is 80%, the steering group may wish to identify which provinces
have coverage that is clearly higher than 80%, clearly lower than 80%, or likely to be near 80%. This is a classification goal;
Tables B-2 and B-3 in Annex B1 are relevant here for calculating the effective sample size (parameter B).

This manual suggests using one-sided confidence bounds to classify coverage. Select a sample size for each stratum, conduct
the survey, and calculate confidence bounds. The classification rules are as follows:

1. If the one-sided 95% lower confidence bound is above the threshold, classify coverage as being very likely to fall above the
threshold.

2. If the one-sided 95% upper confidence bound is below the threshold, classify coverage as being very likely to fall below the
threshold.

3. If the upper and lower one-sided bounds fall on either side of the threshold, one above and one below, conclude that the
sample size was too small to classify the coverage as being above or below 80% with 95% confidence.

This last result might be disappointing: you have spent a substantial amount of money and effort to collect data just to find
that the classification result is inconclusive. To avoid this situation, you would have to select a sample size large enough to
yield conclusive results for your survey’s threshold. To classify which strata are likely to have coverage above or below 80%, the
study designer selects a distance from the threshold, called delta, and uses Tables B-2 or B-3 to look up a sample size that
will guarantee a suitably high probability that the one-sided confidence bound will fall on the correct side of the threshold.
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This affects the required sample size dramatically. If coverage in a stratum is very high (for example, 95%), then a survey with
an effective sample size as low as 45 will yield a sample where the one-sided 95% lower confidence bound is very likely to fall
above the important threshold of 80%. However, the closer you get to 80%, the bigger the effective sample size will need to be.
If the true coverage is 85%, you will need an effective sample size of about 250. If the true coverage is 81%, you will need an
effective sample size of nearly 10,000 respondents to draw a confident conclusion that coverage is above the 80% threshold!

This process of classification is illustrated graphically in Annex N and in Figure 10 in section 6.5.2. There are sample sizes in
Annex B3 to help draw strong conclusions for delta values of 1%, 5%, 10%, and 15%. Smaller delta values require much larger
sample sizes to yield conclusive classification results.

The important point in this example is that programmatically useful classification can sometimes be achieved using smaller
sample sizes than needed for precise estimation if the study designer is willing to accept classification #3 above (sample size
not large enough to classify with 95% confidence) when the true coverage is within delta points of the programmatic threshold.
Although it can be disappointing to have inconclusive classification results in some strata, there are three features that make
the results programmatically valuable:

1. The graphic portrayal of the coverage results, as illustrated in Annex N, will sometimes make it clear that coverage is very
likely to fall above or below the threshold, even when a conclusion may not be assigned 95% confidence. In other words,
if one of the one-sided bounds is quite near the threshold, you may be able to confidently classify coverage, albeit with a
confidence level slightly lower than 95%.

2. You will interpret the inconclusive results in the context of strata with conclusive results, so if some strata are classified as
above the threshold, some below, and some inconclusive, then you know where the inconclusive strata fall compared with
the others.

3. Finally, if the sample uses nested strata, like sampling from all provinces in a nation, the results from conclusive and
inconclusive strata alike will be aggregated together to estimate and classify coverage quite precisely at the national level.

Example 4: HPV coverage among 12-year-old girls

In this example the steering group is evaluating coverage with Human Papilloma Virus (HPV) vaccine among girls aged 12 in
a single province. If the vaccine is administered through location-based methods, possibly at schools, then the survey might
have several goals:

1. Estimate coverage among those most likely to benefit from the vaccine administration strategy — girls who are enrolled in
school and regularly attend.

2. Estimate coverage among the overall population of girls who need the vaccine — girls who are a particular age (for
example, 12), regardless of whether they attend school.

The first goal might evaluate the success of the delivery strategy while the second goal evaluates the likely population protection
in a cohort defined by age.

If the inferential goal is to estimate coverage of 2 or more HPV doses among girls age 12 with precision no worse than + 5% if
coverage is 75%, then the tables in Annex B1 yield the following:
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A. Number of strata =1 (a single survey in a single province)
B. Effective sample size = 340 (Annex B1, Table B-1)

C. Assume we will collect data from an average of m=10 respondents per cluster and assume an intracluster correlation
coefficient of 1/6, so the design effect will be 2.5. (Annex B1, Table C)?

D. Assume that an eligible child will be found in an average of 10% of the homes visited, so we must visit an average of 10
homes per eligible girl.

E. Assume that 10% of families with eligible children will either not be at home when the survey team visits or will refuse to
participate in the survey, so inflate the sample size by 11% to account for likely non-response. (Annex B1, Table E)

These values can be combined to calculate several quantities that are important for planning and budgeting purposes:

1. Total target respondents with completed questionnaires: target = A x B x C = (1)(340)(2.5)= 850. The actual number will
vary because different clusters will yield different numbers of eligible respondents.

2. Total households to visit to yield an average of 6,015 completed questionnaires: (AxBx C) x D x E =(850)(10)(1.11) = 9,435

3. Number of clusters = 2X€ - 840@5) _ 85
m 10

4. Number of households to visit per cluster =D x Ex m=(10)(1.11)(10) = 111

In this example, 85 clusters will be randomly selected in the province. In each cluster, detailed maps will be used to decide how
and whether to segment the cluster to identify a randomly selected contiguous group of 111 households. All 111 households
per cluster will be visited, and data collectors will complete a questionnaire for each girl who is 12 years old. The number of
completed questionnaires will vary per cluster, but the average should be near ten. If the estimated coverage is not lower than
75% and if the ICC is not higher than the assumed 1/6, then the confidence interval should be no wider than + 5%.

Note again here that the relatively large sample size is driven by the requirement for narrow precision. If the steering committee
were willing to accept precision of = 7%, then Table B-1 indicates that the effective sample size would drop from 340 to 182
and the number of clusters would drop from 85 to 46.

If the vaccine delivery strategy was school-based and if school attendance was not 100% among 12-year-old girls, then a
portion of the sampled girls would be unschooled and less likely to have been vaccinated. So the estimated coverage among
the survey population would be a mix of the coverage among schoolgirls and coverage among unschooled girls. This would
tend to yield a lower coverage estimate, which might be appropriate for evaluating population level protection, but would likely
underestimate coverage among schoolgirls only. To guarantee a high precision estimate of coverage among schoolgirls it would
be necessary to either restrict the survey sample to schoolgirls, or to oversample schoolgirls. If these approaches were pursued
in a household survey then it would likely be necessary to visit more than 10 households to find each eligible respondent and
so the planning would need to account for additional effort.

8 This example ignores the extra inflation to DEFF that occurs because of unequal weights.
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2.8. Draft an analysis plan, table shells and report figures

At this stage in the planning process, it is helpful to draft an analysis plan and lay out table shells for the final survey report.
This will help you budget realistically for the analysis portion of the project, and will also confirm whether the survey design
will meet the programmatic goals of the survey stakeholders. See Chapter 6 and the Vaccination Coverage Quality Indicators
(VCQI) documentation for examples on the WHO website.

2.9. Budget for the survey and estimate the timeline

Next, create a budget for the survey design you've selected. As you budget money and time, consider all aspects listed in this
manual. Consult Table 2 for a list of activities and items to include in the budget. In addition to budgeting the monetary cost of
the survey, make an estimate of the project timeline, accounting realistically for likely delays. Remember that your top priority
is to ensure high data quality. To do this, you should have only as many field teams as can realistically be well supervised. It
is better to use a small number of field teams and take longer to implement the survey than to have so many field teams that
their training and supervision suffers, and data quality is compromised.

In addition to fixed costs, the cost of cluster surveys is proportional to the number of strata, the number of clusters per stratum,
and the total number of respondents. Be sure to include all items with a cost that depends upon the questions, goals, sampling
design, or sample size. See the DHS and MICS budget templates at http://dhsprogram.com/publications/publication-dhsm10-
dhs-questionnaires-and-manuals.cfm and http://mics.unicef.org/tools for examples.

The timetable should likewise be adjusted according to the specific needs of the survey and, especially, the local administrative
procedures required. Often, it takes additional time to access funds, choose a contractor to do the survey (if one is used) and
gain ethical clearance from the relevant organizations.

For post-SIA surveys, it is best to conduct fieldwork very soon after the campaign in order to have a chance of seeing finger marks
indicating vaccination or retrieving any SIA-specific cards that were given to caretakers. Thus, it is important to prepare for the
survey well in advance, ideally at the same time you prepare for SIA implementation. The training and fieldwork for a post-SIA
survey can be shorter than the timeline in Table 2 suggests, if data are only needed at the national level and only vaccines
administered in the SIA are assessed. If the steering group requests data at the province or district level, and especially if they
also request these data on all routine vaccinations, the survey becomes much larger, and it will probably not be completed
quickly after the SIA ends. In order to ensure high-quality data, if results are needed quickly, it is better to compromise on the
goals of the survey than to add too many field teams.
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Table 2. Timeframe for a national coverage survey®

Source of error

Planning
and survey
preparation

Effect of error on results

Form a steering group and technical subcommittees; identify
the implementing agency; agree on methods to recruit field
coordinators, supervisors, and interviewers; agree on whether
data will be recorded using paper forms or digital technology;
identify technical assistance if required; set up liaison with
census office; order and obtain supplies; and identify transport.

Design survey and modify/compromise design and modification/
compromise to fit resource availability

Obtain funding for the survey

Obtain ethical approval as required

Select a sample (including obtaining enumeration area maps)

Visit health authorities in the areas selected for the survey, to
explain survey and obtain co-operation

Design, pretest and translate the questionnaire

Prepare digital entry procedures, if used

Pretest household sampling procedures (use of enumeration
area maps, identification of boundaries, segmentation, one- or
two-step process of listing and interviewing),

Prepare manuals/ standard operating procedures (SOPs)

Prepare training site(s) and materials

Prepare database

Strategies to minimise error

Months 1-4

(may take longer if an RFP is issued for
selection of an implementing agency, or if
the survey has a complex survey design with
multiple indicators, depending on ethics
committee procedures and timetable, and
depending on time needed to make funding
available).

Training

Train field workers and supervisors on household listing,
collection of GPS coordinates, conducting interviews, getting
data from health facilities, checking completed questionnaires,
digital data entry where relevant, ensuring SOPs are followed
and taking photos of vaccination records

Train data entry staff if paper forms are used

Month 5 (longer for large surveys; allow two
weeks for every 40 field staff being recruited)

Data collection

Create maps and household lists

Collect data from eligible persons (listing and interviewing may
be a one- or two-step process, depending on survey design)

Do quality control in the field

Resolve queries

Months 6 (if small survey), or 68 (for survey
with multiple domains or strata); length
depends on size of survey, travel time, ability to
ensure high quality data collection)

Data
management and
analysis

Data entry and editing (if paper forms used)

Final data checking and cleaning

Data analysis, produce tables and graphs

Months 6—7 (small survey) or 6-9 (large
survey); data entry begins concurrently with
data collection and continues after last data
comes from field)

Report
generation and
dissemination

Prepare/review preliminary report

Prepare final report, with summary of key findings

Conduct national feedback seminar, review final report, and
develop action plan based on findings

Prepare reports/fact sheets for health workers

Workshops with health workers at subnational levels

Months 10-12

9 Several readers have commented that some surveys will require even more time than suggested here, so use insight from other recent quality surveys in your country.
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2.10. Evaluate affordability and timeliness

If the proposed design is affordable and the results are likely to be available in the timeframe needed, you can begin to do more
specific planning, as described in Chapter 3.

If the design is not affordable or if it would take too long, either appropriate more money for the survey or modify some combination
of questions, strata, and inferential goals to find a lower-cost design that still addresses the steering group’s primary questions,
with an acceptable level of uncertainty and in an acceptable timeframe. See below for examples of compromise strategies.

If the designs that are affordable do not adequately address the primary programmatic questions, the steering group should
seriously consider not doing a survey at this time, and instead use other methods to assess and strengthen vaccination services.
See Cutts, Claquin, Danovaro-Holliday & Rhoda, 2016.

Ifit is not possible to appropriate more money to conduct a large survey that meets the initial goals of the survey steering group,
but some sort of survey is still desirable, the design team must compromise on one or more parameters to find a less expensive
survey that still yields helpful results. These parameters may be varied to reduce the cost of the survey.

1. Adjust the number of geographic strata in which conclusions will be reported. If the steering group wants results in all
districts but the cost is too high, it might be affordable to do a survey in each province instead.

2. Adjust the survey goals in different strata. For example, you might estimate SIA coverage at the province level but assess
routine vaccination coverage at the national level only. Since the target age group for SIA coverage is much wider than for
routine immunization, sample sizes are reached by visiting a smaller number of households for SIA than for Rl coverage.

3. Adjust the desired precision of the coverage estimates in each stratum. Accepting additional uncertainty will decrease the
effective sample size.

4. Classify rather than estimate coverage at the lowest geographic hierarchy level. Rather than calculating a narrow confidence
interval in each district, it may often suffice to use a smaller sample to classify coverage in each district, and aggregate data
across districts to estimate coverage precisely at the province and national levels. The smaller sample will identify districts
that are doing very poorly and those that are doing very well. There is likely to be a middle category of districts that are not
clearly doing either poorly or well. In order to identify their current coverage precisely, a larger survey would be needed, but
at least the small survey identifies that they are neither at the top nor the bottom of the performance continuum. When three
or more strata are aggregated up to the next level of hierarchy, the confidence intervals typically become substantially more
narrow and informative.

For example, assume a country has 10 provinces, each having between 15 and 25 districts, for a national total of 203 districts.
The steering group may initially wish to estimate coverage in all districts with + 5% precision. Average national coverage of
DTPCV3 is thought to be 85%, varying from 55% to 95% between districts. To estimate coverage to = 5% when it is only 55%,
using a design effect of 4 requires 1,600 completed interviews.!? At 10 completed questionnaires per cluster, this would require
160 clusters per district. Repeating this in 203 districts would require visiting 32,480 clusters and collecting data from 324,800
respondents! This is prohibitively expensive, and would take a very long time to implement while ensuring high quality. Below
are options for revising the survey goals.

1. Estimate coverage at national level and in a small number of key districts (such as those thought to have particularly poor
administrative data, those where major recent programmatic or demographic changes occurred, or major metropolitan areas).

10 The WHO 2005 reference manual always used a design effect of 2. In practice, the design effects observed in vaccination coverage surveys have often exceeded 2, so this
manual recommends a more conservative value of 3 if there are 7 respondents per cluster, or 4 if there are 10 respondents per cluster.
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2. Classify coverage in all districts and aggregate data to estimate coverage at provincial and national levels. Classification
might be achieved using 15 or 20 clusters per district. This would require a total of (203 x 15) = 3,045 clusters, covering all
districts of the country. Although the total sample size will be smaller than when coverage is estimated in all districts, there
are still important logistical considerations for getting well trained and supervised teams to this many clusters.

3. Estimate coverage precisely at only the provincial and national levels, using, for example, 160 clusters per province. This
requires a total of (10 x 160) = 1,600 clusters, which may not necessarily include all districts if some districts have very
small populations. The precision of coverage estimates at the provincial level could also be varied, to determine the effect
on budget and time.

4. Estimate coverage imprecisely at the provincial level, for example, using 30 clusters per province and aggregating to estimate
coverage at the national level. This means visiting only (10 x 30) = 300 clusters — a substantially smaller sample size
than the other options. It will yield, however, imprecise estimates at the provincial level. This will be useful for identifying
(classifying) provinces that are clearly low or clearly high, but not useful for making fine distinctions between provinces
whose coverage levels are nearly equal.

The options here fit a wide range of budgets, ranging from 32,480 clusters down to 300 clusters. The larger options yield precise
district level estimates and the smallest option yields precise estimates only at the national level, while providing some insight
into which provinces are performing best or worst.

2.11. Implications of adding routine immunization questions to a post-SIA survey

It is increasingly common for survey stakeholders to consider adding questions about routine immunization (RI) to a survey
designed to evaluate SIA coverage. Planners may reason that substantial resources are already being devoted to planning and
conducting a nationally representative survey, and believe those resources should be leveraged to assess the performance of
the Rl services while the survey staff are already in the field to collect data. It seems reasonable, but an Rl survey can require a
much larger field effort than a post-SIA survey does. Sorting out what is best in each situation will require careful consideration,
to strike a balance between a lean and timely SIA coverage estimate and a precise, geographically specific, multi-vaccine
assessment of Rl services.

Whether it is feasible and affordable to bundle Rl questions with an SIA survey will depend on the inferential goals of both
surveys. The best time to work through these issues is long before the actual SIA begins.

These are some considerations that may substantially expand the resources required when adding Rl questions to an SIA survey:

e The window of age-eligibility is very small for Rl surveys (usually a one- or two-year window) compared with that for an SIA
(often a 14-year window), so the survey staff must visit more households just to find an eligible respondent. If precise Rl
coverage estimates are desired, the number of homes to visit in each cluster will be multiplied by a large factor — possibly
five or more. This is a substantial increase in cost and logistical complexity.

e The standard RI questionnaire takes much longer to complete than a post-SIA interview, so field staff will be able to complete
substantially fewer interviews per day.

e Rl coverage figures for important vaccines are often much lower than SIA coverage achieved, thus requiring a larger sample
size to achieve the target precision.

e The intracluster correlation coefficient (ICC), which drives the design effect, will be substantially higher for Rl vaccines than
for that observed in a well-run SIA with consistently high coverage, so the Rl design effect will increase the required sample
size for precise estimation.

e |t is a best practice in Rl surveys to visit health facilities and obtain vaccination dates from EPI registers if the child’s
caretaker cannot furnish a home-based record. This also represents a substantial commitment of time and resources.
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e Finally, stakeholders may wish to estimate Rl coverage in many more, smaller strata (such as health districts) than the
people evaluating SIA coverage do. As described above, the overall sample size is proportional to the number of strata where
you will report results, so this can increase the survey sample size.

If the idea to add an RI component occurs late in the SIA survey planning process, the extra planning and resources required could
easily postpone the survey fieldwork for several months. A long delay will likely degrade the quality of SIA coverage responses
and estimates, by increasing recall bias.

But if the goals of the SIA campaign are for precise estimation and the goals of the Rl survey are less precise, and if the geographic
or administrative focus is similar for both surveys, then it may be possible to add an RI component without much extra effort or
delays. For example, it may be relatively easy to add an Rl component if the Rl survey requires results at a higher level of hierarchy
(province level) than the SIA survey (district level). The key is to discuss it early, estimate the sample size and timeline realistically,
and explore whether there is a design that does indeed leverage the SIA survey resources without compromising its goals.

2.12. Designing for multiple outcomes

Sample size calculations are most straightforward when the survey steering group identifies a single primary goal to size the
survey. When agreement cannot be reached on a primary goal, it is possible to do sample size calculations independently for
two or more goals, and estimate a budget for the largest of the several sample sizes. If that design is affordable, it should be
possible to meet all the goals. If it is not affordable, some sort of compromise will be necessary.

2.13. Designing for multiple geographic areas

If you are planning to assess coverage in more than one geographic or administrative area, it will be necessary to calculate the
sample size required in each area to estimate the budget for the survey. In some cases the sample sizes may vary considerably
from one stratum to another, especially if the fertility rates or expected coverage vary substantially. Strata with coverage near
50% will require larger samples to obtain a given level of precision (for example, + 5%) than strata with coverage near 0% or
100%. A simple shortcut may be to calculate the required sample size that is likely to be largest, and conduct surveys of that
size in each stratum. You may save some money and time, however, by calculating sample sizes for each stratum individually,
based on what is known about each stratum’s sample size inputs.

For example, using Table B-1 in Annex B1, to estimate coverage with + 5% precision requires an effective sample size of 401 if
coverage is in the range of 50%—70%, but only requires an effective sample size of 216 if coverage is near 90%. Substantial
savings are potentially available by doing a smaller survey in locations with higher coverage. Of course, if you knew the coverage
before doing the survey, you would not need to do a survey at all, so it is usually a good idea to select a conservative sample
size in case coverage is closer to 50% than was originally anticipated.

Similarly, if fertility rates vary substantially by urban/rural status or by ethnic group, then the number of households to visit
per cluster may vary enough to achieve some important cost savings by customizing the calculation of number of households
to visit by stratum.

2.14. Designing for multiple levels of administrative or geographic hierarchy

Coverage surveys often assess coverage for several levels of a geographic or administrative hierarchy. The steering group may
wish to estimate coverage within each province, and then aggregate results to estimate national coverage figures. In other
situations coverage may be assessed at three levels. For example, the steering group may wish to identify all districts where SIA
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coverage is very likely to be below 95% and aggregate district surveys to estimate coverage in each province, with a confidence
interval no wider than + 5%, and then aggregate provincial results up to a national coverage figure with a confidence interval
that is even more narrow, such as + 3%.

In these cases, identify the level in the hierarchy with the most important inferential goal, identify a design and sample size that
will meet that goal, and check to see whether the goals at other levels will be met as well. It is often the lowest level of the hierarchy
(that is, those with the smallest geographic or administrative extent) where the survey results will be used to drive actions. The
goals at that level are often the most important, with precision at higher levels being of secondary importance. If a design meets the
goals at one level, but does not meet the inferential goals at another level, you will likely need to increase the sample size to move
closer to satisfying goals at all levels. Balance this option against the budget and time implications of conducting a larger survey.

The tools in this manual should help survey teams identify designs that will meet goals at the most important level. In situations
that are not complicated, it may also help them assess whether a single design will meet goals at multiple levels. For more
complex scenarios, it will be helpful to enlist help from a sampling statistician.

Example: Combining multiple outcomes and multiple levels of hierarchy

Consider a measles campaign coverage survey in a country with 60 health districts, nested within ten provinces. Possible
inferential goals might be:

1. estimate campaign coverage nationally, without reporting subnational results (1 stratum);
2. estimate campaign coverage in each province and nationally (10 strata; number of clusters depends on desired precision);

3. classify coverage in each province and estimate national coverage precisely (10 strata; fewer clusters per province than in
the previous design);

4. estimate coverage in each district, and aggregate for provincial and national results (60 strata; number of clusters depends
on desired precision); or

5. classify coverage in each district, and aggregate for provincial and national results (60 strata; fewer clusters per district
than in the previous design).

Assume the steering group selects option 5. They will conduct a separate survey in each of 60 districts, using 15 clusters each
and a target number of 10 completed interviews per cluster. The target age range group for the campaign is 9 months to 14 years,
so they expect to find a cooperative, eligible respondent in every second household they visit, on average. That means visiting 20
randomly selected households per cluster, or 300 per district, or 18,000 nationwide. The number of expected completed interviews
is 10 per cluster, 150 per district, 900 per province, and 9,000 nationally. In comparison to the classic 30 x 7 design, this survey is
somewhat smaller, at 15 x 10. But it is being conducted in every district, so the overall effort and sample size is very large.

Now consider adding an Rl component to the survey. The reasoning is logical: since the post-campaign survey will be nationally
representative and survey workers will visit 18,000 homes across the land, why not also estimate Rl coverage at the same time?
If the sample size is fixed and you can find one child aged 12—23 months with a cooperative caretaker in every five households
visited, the expected number of Rl respondents per cluster is four, the expected number per district is 60, the expected number
per province is 360, and the expected number nationally is 3,600.

Adding the Rl component has numerous implications for survey logistics, data collection, data management, analysis and
reporting, and cost and schedule. Each cluster’s work will take longer because you are adding an average of four Rl interviews
per cluster. Four Rl interviews could turn into eight interviews if you also ask about tetanus vaccinations among women who gave
birth in the last year. The supervision, training and data collection will be more complicated than for a simple post-campaign
survey. The additional complexity of conducting three simultaneous surveys (SIA, 12—23 months for RI, and 0—11 months for
tetanus) may tempt the survey organizers to collect primary data using handheld electronic devices. Will they photograph
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vaccination cards? Visit health facilities in search of documented evidence of vaccination? In some cases, the steering group
may decide that the added insight is worth the cost of adding the Rl component.

Careful consideration should be given at this point to whether adding the Rl component will delay the start of the fieldwork and
possibly compromise the quality of campaign-related responses. Finger marks from the SIA campaign may no longer be visible
by the time the survey begins, or caretakers may lose their campaign-issued vaccination cards and forget or become confused
about which of their children were vaccinated in the campaign. Furthermore, in countries with important seasonal migration
due to weather, agriculture, and availability of work, a delay will give people time to move; some who were vaccinated will leave
and some who were not will return. The survey results will reflect a combination of campaign effectiveness and population
movement, which may be challenging to interpret.

Another consideration is the precision of the Rl coverage estimates. With such a small number of Rl respondents per cluster, the
design effect would likely be small (maybe 1.5), so the effective sample size per province would be 240. Table B-1 in Annex Bl
indicates that this is sufficient to yield precision of + 6% at the province level if RI coverage were 75%. The effective sample
size in each district would be % =40, which would result in coverage estimates that are quite imprecise. Table B-1 indicates
that the confidence intervals would be wider than = 10% when the effective sample size is 40.

If it is acceptable to classify SIA coverage in each district, and estimate it more precisely at the provincial and national levels,
the sample size and data collection effort in each cluster and district may be manageable.

If the steering group in this example wanted precise Rl estimates in every district, the sample size must increase, as described
in section 2.11. To obtain an average of 10 Rl respondents per cluster it would be necessary to visit 50 homes per cluster. This
would increase the design effect to 2.5 and increase the effective sample size to 60 Rl respondents per district, which Table
B-1 indicates will still yield estimates with confidence intervals wider than + 10%. A larger sample size and more clusters per
district are necessary for more precise estimation. This will increase the level of effort for the survey and affect the survey start
date, which in turn has consequences for the quality of the SIA survey results.

2.15. Reporting results by subgroups

Survey stakeholders often wish to report coverage results by subgroups, such as sex or age groups (in a post-SIA survey), whether
or not the child attends school (in an HPV survey), economic status, religion, or education of the caretaker. These comparisons
may be so important that the study designers take steps to ensure a large enough sample size to estimate coverage precisely
among those groups.

The subgroups may be listed explicitly as strata in the design phase, or the groups might be over-sampled (with respect to
their prevalence in the population) to obtain precise results. If precise estimates are required for subgroups, it is important
to maintain this goal even when other goals are compromised or dropped. In the end, it will be numerically possible to report
results by various subgroups, but those estimates will not be precise if the sample size is small.

Designing the study specifically to report on some subgroups does not prevent you from calculating and reporting results
based on other subgroups, but the survey designers and the survey report should be clear about for which groups the survey
was intentionally designed to yield precise estimates. Some surveys use the guideline that results should only be reported for
estimates or tests where the relative standard error (100 x standard error of the estimate/estimate) is no greater than 30% or
where there are at least 12 statistical degrees of freedom (the number of clusters containing the subgroup minus the number
of strata containing the subgroup) — see the Centers for Disease Control and Prevention’s NHANES tutorial'l. When finalizing
the survey design, it will be helpful to have the project statistician look over the analysis plan and identify any subgroups or
comparisons that may be in danger of yielding imprecise estimates and to reconsider whether to report them.

11 http://www.cdc.gov/nchs/tutorials/NHANES/SurveyDesign/VarianceEstimation/intro.htm
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3.1. Set survey schedule

Review the survey request and goals to determine the time constraints for the survey. When must the survey findings be
available? Work backwards from this date, using Table 2 to determine how long the survey will take to complete. Keep in mind
other potential deadlines, such as donor review or national budget sessions. Also keep in mind some of the factors that tend
to delay the surveys, such as obtaining ethical clearance, obtaining access to accurate sampling frames, and obtaining and
configuring touchscreen phones or tablets for data collection.

Below are some other considerations to take into account when preparing a schedule for the survey.

e Avoid seasons with adverse weather conditions. Avoid the rainy season, the winter (in northern or southern countries), the
hottest summer months, etc. as they may influence the physical accessibility of the households. The increased hardship on
the survey workers may affect the reliability of the data collection. Difficulties in transportation may also increase costs.

e Avoid collecting data during religious and cultural events. For example, the month of Ramadan with its fasting may be
hard on household members and survey workers; they may find it difficult to concentrate on the questionnaires. Also, during
religious, political and cultural events you are likely to find the population absent from their regular households, particularly
in urban settings.

e Avoid, if possible, certain agricultural seasonal cycles. Rural people are either very busy or absent from their households
during planting, harvest, migrant seasonal work, jhum (rotating cultivation on hills) or nomadic migration.

e Determine what time of day to do the survey. The survey should be timed to maximize chances of finding people at home. This
may require early or late interviews during the day, to accommodate people who will be out for work during the day (including
women, in urban slums or rural areas). Market days may also not be a good time to find parents at home. Conducting fieldwork
during the weekend may find respondent at home but may conflict with data collectors’ weekly rest.

o For post-SIA surveys, start fieldwork no later than a month after the campaign to minimize the recall bias.

3.2. Decide who will conduct the survey and create a project plan

Determine which organization is responsible for completing the survey. Academic institutions are often a reliable option. If
a contractor is used, draft a detailed Terms of Reference document that clearly indicates the contractor’s responsibility for
completing the steps described throughout in this manual. You may choose to contract out some of these tasks and not others.
Determine how and when the expenses of the survey will be covered. Clarify with contractors how much money must be paid
in advance and how much will be paid only upon receipt of proper deliverables (you may want to include penalties in case of
significant delays).

Whether you are contracting out some of the project, or doing it all in-house, create a project plan that includes detailed roles
and responsibilities for the following tasks:

e obtaining ethical clearance

e gathering the preliminary documentation, such as census data, maps, etc.
e designing data collection tools and methods

e choosing data analysis tools

e obtaining a sampling frame and selecting a sample

e obtaining vaccination registers

e hiring and training staff
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e conducting fieldwork and ensuring quality data collection
e (esigning a database

e entering and cleaning data

e analysing data

e writing a report and sharing results.

3.3. Obtain ethical clearance

The survey must be conducted in accordance with the national policies on ethics for surveys involving human subjects. Doing
so typically requires an extra round of paperwork to explain and justify the survey. Allow adequate time in the planning phase
for this time-consuming step.

If a national body exists to review the ethics of the study design of the study, the survey coordinator must obtain clearance
from this body. For a standard survey, clearance should be a simple process. For a surveys using with biological samples, it
may take longer to obtain clearance.

Most Institutional Review Boards (IRBs) will accept verbal informed consent for a standard coverage survey, which is relatively
non-intrusive and does not seek sensitive information. Verbal informed consent has four elements:

1. a description of the objectives of the survey;
2. basic information on how the survey will be conducted;
3. assurances about the confidentiality of personal data; and

4. a specific request for permission to conduct the interview, which can be obtained from each household by explaining, in
detail and in the local language, the purposes of the survey.

Avoid making people respondents sign a consent form if at all possible. Many residents, particularly in rural areas, are wary
of outsiders asking them to sign documents that might be confused with land deeds or taxes. Insisting on written consent has
thus complicated the survey implementation in many communities. If, however, you are planning to collect biological samples,
written consent will likely be required.

The Review Board will need to see a concrete description of how the confidentiality of the data will be preserved, how the

individual identifying markers will be stripped and who will have access to what type of records.

3.4. Design data collection tools and methods

3.4.1. Vaccination data to collect
In order to standardize procedures across surveys, we recommend the following hierarchy of evidence of vaccination® (see
section 5.4.2).

1. Home-hased records (vaccination cards). The best evidence is a legible date of vaccination on the home-based record
(vaccination card) with a day, a month, and a year.

1 Nojudgment isimplied about the relative accuracy of home-based versus health facility records.
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2. Health centre records. At times it will be necessary to check a child’s vaccination status in the health centre records (see

section 3.7). There may be several obstacles to getting or using the data from the health centres: the record may not be
legible; the record may have incomplete information, including date of birth; the child or his/her parents may have several
different names; and registers may be only available only during short periods. However, you can overcome such obstacles
by getting support from the local health authorities, identifying all relevant registers, photocopying all pages for the relevant
time period before the time the household visits takes place, and assigning specific staff to review the records ideally within
24 hours of the household visits.

. Recall, or verbal history of vaccination. If there is no home-based record of vaccination, or if it is incomplete, the next level

of evidence is a verbal history of vaccination by the caretaker (vaccination recall). Start by asking the caretaker the place
of the injection (on the body) for injectable vaccines, or act out putting drops in the mouth to ask about oral polio vaccine or
rotavirus vaccines. Ask when the vaccine was received in relation to other documented vaccinations. Plan to use helpful visual
aids matching the national vaccination practices when asking this question. Also ask the caretaker where the person went
to receive the vaccination (for example, clinic, outreach site, hospital, school, home). A child might have been vaccinated in
a health centre different from the nearest one. In such case it will not be possible to look for the record at the closest health
centre. If a date is mentioned in the card it should be recorded, otherwise it should be marked as vaccinated with no date.

3.4.2. Design forms

Although the WHO vaccination coverage survey manuals have proposed several standard survey forms over the years, the
introduction of new vaccines and the specific needs of each new survey suggest that these templates need to be adjusted and
new forms produced for each step of the survey. The forms listed below are the ones most likely to be needed. See Annex H,
for Sample survey questions. Allow adequate time to translate the forms into local languages and back-translate them as
appropriate. The forms will be finalized after pilot tests and staff training.

o List of Households — In a single-stage survey every household in each cluster will be interviewed. It is important to make
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an updated sketch map (See Annex F) and to list every building or structure in the cluster, assigning an ID to each, and to
list every household in each structure, identifying whether anyone in the household is eligible for your survey. The map will
be important during data collection and it must be accurate and clear in case independent monitors follow along behind
the survey workers to check their work in a small number of follow-up interviews. In a two-stage survey, every household will
be identified on the sketch map and household list, and then a small number of households will be randomly selected to
participate in the survey. Form HH will serve as the sampling frame for household selection, and then interviewers will use
Form HH and the sketch map to go back to the selected households. Note that a household is considered to be a collection
of persons who usually eat food prepared from a single cooking area, or kitchen. In some countries, there will be several
households contained within an extended family’s compound. Assign a separate household ID to each cooking area, even if
the households are related, and record the appropriate ID on each interview form.

Household member listing form — Form HM in Annex H is used to document who lives in each interviewed household, who
is eligible for different components of the survey, whether they consent or refuse to participate, whether the appropriate
respondent (the child’s caretaker or a woman who gave birth in last 12 months) was absent despite repeated visits to the
household, and how many revisits were made. Several persons in the household may be eligible for different parts of the
survey. At any visit, all, some or none of the appropriate respondents might be home, so the form should allow for a clear
indication of interview status and of whether the team needs to return to the household again to complete its work.

Individual questionnaires — Forms RI, TT, and SIA in Annex H serve as examples on which to record responses for a routine
immunization survey, a tetanus protection-at-hirth survey, or a post-vaccination campaign survey, respectively.

Health facility register forms — Forms RIHC and TTHC in Annex H serve as examples for data to be collected from a registry
at the health facility.
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e Cluster forms — Other forms may be designed and incorporated, as necessary, for summarizing data by cluster, such as
total households, total completed interviews, and total completed survey questionnaires for each component of the survey
(12—23 months (or 24—35 months), for women who gave birth in the last 12 months, and post-SIA).

e Forms or checklists — These forms are for the field supervisors to record problems and progress.

Forms for collection of vaccination data should be designed to simplify data transcription from home-based records and minimize
recording errors. For example, the order in which vaccines are listed on the questionnaire should match the order in which they are
listed on home-based records. The “date of vaccination” fields should be big enough to allow for legible recording, so data entry
operators can easily read the date. Enough space should be provided on the paper questionnaire to include relevant comments.
A comment section should also be considered when using tablets or other electronic data collection tools (see section 3.4.3).

A note about finger marking as as evidence of vaccination: a child’s finger is often marked with an indelible pen during SIAs for
intracampaign monitoring purposes. These marks should not be used as the sole or even primary source of vaccination evidence
in coverage surveys because it is rare for post-campaign surveys to be conducted soon enough before the markings fade away,
and there are often issues with not enough pens/markers being distributed during the campaign.

3.4.3. Design digital surveys, if applicable
Mobile devices (portable computers, tablets and smartphones) are ubiquitous and increasingly used for data collection. The
survey forms must be adapted for mobile devices if the survey will use digital data collection.

Sometimes the data entry into a mobile device is linked directly via data transmission to a central location for storage. The
questionnaire templates are put on the portable electronic devices in advance and the data is entered in the field. Safeguards
can be built in to flag obvious mistakes, like out-of-range dates of birth. Such data-based questionnaires require a software
application to design the questionnaire templates, and a plan for safe and frequent data back-up.

Using devices for direct data entry must allow the interviewer to check the entries for mistakes and correct them before the
data is transmitted. The supervisor must be able to review the records each day, even when data collection is done and has
been transmitted through mobile devices. In several countries, a list of the data entered during the day is sent back to the field
every evening for corrections.

Digital data collection has benefits. Direct data entry eliminates the issue of bad handwriting. Using a smartphone allows
access to the GPS coordinates of the house, which will help identify if a household is within the right geographical boundaries.
In some cases, it will help the supervisor to identify a house that has to be re-checked. A smartphone can also document the
time of entry and exit of each house.

It is likely that the use of computer assisted personal interviewing (CAPI) or data collection will expand rapidly, and survey
planners should consult with experienced groups before using it for a given survey. When using CAPI, qualified support to
develop the questionnaires and troubleshoot any problem in the field must be available. This manual will be updated as CAPI
data collection becomes more prevalent.

3.4.4. Putindividual IDs on forms

Every surveyed individual must be allocated a unique ID. This unique number links the household questionnaire, the photo of the card,
and the photo/scan of the health centre record. The ID is made up of a sequence of numbers related to different type of information:

e cluster number (up to 4 digits)

e household number for that cluster (three digits; each interviewer is assigned 100 numbers in advance, such as 0-99, 100-
199, 200-299, etc.)
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e child number for the household (usually one digit; maybe two digits in surveys of SIA coverage).

Each survey coordinator will structure the ID digits according to the survey’s specific needs. The cluster number will be known
in advance and, based on the sample documentation, will show which administrative area it is in and whether it is urban or
rural. Thus, individual IDs can often be pre-printed on the survey forms. If not, the ID should be handwritten legibly on a small
white piece of paper to be used for photos.

3.4.5. Plan to collect photos of vaccination evidence

Pictures of individual children are not needed; do not take them. However, taking a picture of the card and/or the health centre
record for each child provides a reference document that serves multiple purposes. A paper-based data collection form may include
a place for the photo of the vaccination card, showing also the household and child ID, and a photo/scan of the health centre record.
If the data is collected on a smart phone or other mobile device, pictures of these documents may be attached to the interview form.

Photograph only the portion of the register or card that you need, focusing the camera close in. If the ethics committee requires
it, cover up the child’s name to maintain confidentiality, using for example a self-stick label (Post-it®) on which the child’s
unique questionnaire ID from the questionnaire is written. Save the photo using a file name with the same a unique ID number
of the child, to help with later work associating digital photos with digital survey records. Record the filename(s) of the photo(s)
on the child’s paper interview form.

Taking photos of evidence has several advantages. When dates are available on cards or health centre registers they are sometimes
difficult to decipher and the recording might be incorrect. A photo offers the opportunity to re-examine the dates and possibly correct
them, or check a date that is out of range in the database. A photo might be also be useful when a calendar other than the Gregorian
calendar has been used; the dates are entered in the phone in the local calendar and automatically translated in to the Gregorian
calendar. Looking at a photo of the card will show if the date error was actually written on the card (for example, sometimes people
continue writing the previous year for the first several weeks of a new year), or if it was a transcription error. Finally, having a photo
of a home-based record or vaccination card may help identify a child in the health centre register.

Collecting, storing, and managing these photos requires trained personnel and digital resources. There is some workload
associated with managing the photos, possibly rotating them, cropping them, and in some cases manually renaming the photo
files to ensure easy matching with survey respondents and records. If interview responses are collected electronically then
the data collection software may include a robust and straightforward system for associating photos with survey records. The
protocol should be clear about how photos will be managed, and the process should be pre-tested and practiced during staff
training. See Chipchase (2017) for helpful guidance.

Observe all the relevant national rules and restrictions concerning data privacy. Only authorized persons should have access to the
digital photo files and records. Only authorized persons should have access to the list that indicates which photos are associated
with which survey respondents. To this end, it is not advisable to have the interviewers use their personal smartphones to take
survey pictures. Keep questionnaires and photos in separate directories to ensure the privacy of health information, and to prevent
unauthorized persons from matching questionnaire records and with photos of cards or health centre records that may contain names.
Avoid having data collectors use their personal phones to take photographs of cards or other documents including personal identifiers.

3.4.6. Pre-test survey forms and cluster maps
Before the survey begins, field supervisors or other senior survey staff should do 5-10 interviews to test the household listing
form, to get a sense of whether the households have been listed correctly.

It is also important to test the reliability of the maps showing the clusters or segments. Before the survey begins, plan to visit

at least one urban and one rural enumeration area that is not a part of the survey, to see if the maps are accurate. If the maps
are not good and there are no better maps available, it may be necessary to create sketch maps (see section 3.6.5).
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3.9. Choose data analysis tools

Next, decide what program or tools you will use to analyse the survey data. To calculate coverage estimates and confidence intervals,
you will need statistical software that accounts for the survey design and the survey weights because the surveys recommended in
this manual are not self-weighting. The WHO has developed an open-source collection of Stata programs named Vaccination Coverage
Quality Indicators (VCQI) that is consistent with the recommendations in this manual. For more information about VCQI, see WHO's
immunization coverage webpage: http://www.who.int/immunization/monitoring_surveillance/routine/coverage/en/index2.html.

If you do not wish to use VCQI, data analysts may use Stata, R, SAS, Epi Info and SPSS or other software programs to analyse
the data and produce tables of results. These programs work well as long as the parameters of analysis and definitions of
coverage indicators are clearly understood. (The missed opportunities for vaccination analysis is often the least understood by
programme managers—see section 6.4.1.)

3.6. Select a sample

In Chapter 2, we discussed how to calculate the sample size and choose an appropriate survey design. In this section we provide
details on sample selection at each stage.

Probability sampling provides a way to estimate population parameters and corresponding sampling errors. Sampling error is
a measure of precision for the estimate of a population parameter. Features of probability sampling are summarized in Box 3.

Box 3. Features of a good probability sample survey

Features of a good probability sample survey

o Uses a sampling frame covering the entire target population. A sampling frame is a complete list of all sampling
units that entirely covers the target population, preferably a recent and well-conducted census. Any proposed frame
should be evaluated to identify any gaps (for example, nomadic populations or homeless persons). If these gaps
cannot be filled by preliminary work to update the census in certain areas, this should be well documented in the
survey report as one of the limitations of the survey.

e Uses accepted probability sampling methods. Use simple random sampling, systematic random sampling, or
sampling with probability proportional to estimated size, at every stage of sample selection.

e Selects a representative sample at the required geographic level(s), such as national, stratified national, certain
districts, etc.

e Ensures that the field implementation is faithful to the sample design and survey protocol
e Ensures that the sample size is sufficient to achieve precision requirements.
e |s well documented to facilitate review and calculation of survey weights and non-response adjustments.

e |f the design is a cluster survey, use an adequate number primary sampling units (PSUs) (generally 30+ for
estimation). For a given total sample size, a large number of clusters with a small number of individuals in each
will generally have a smaller standard error than a few clusters with large numbers of individuals in each.

e |f the design is a stratified cluster survey, a minimum of two PSUs should be allocated to each stratum.
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3.6.1. Design options

Designing, selecting and implementing a proper probability sample from beginning to end can be a time-consuming and
expensive process. Hence, survey planners often first check for existing samples that would be appropriate for an EPI survey.
If there are other surveys being planned, consider combining the EPI survey with another survey by adding an immunization
module to the questionnaire for the other survey. This is an option only if the other survey will be conducted within the prescribed
time frame for your survey, and if its sample size is adequate for your needs.

If there is no option to join forces with another survey, consider using an existing sample of PSUs from a recent survey. This is a
feasible option if the survey used a random sample from a reasonable sampling frame, and the first stage sampling probabilities
of selected PSUs are available. Often, you will need to get agreement from the agency sponsoring or implementing the survey. Many
countries use master samples developed from master sampling frames, from which subsets are selected for particular surveys. If
a recent survey was conducted, or a master frame is available, you may use all or a subset of these PSUs for another survey. This
can save the coverage survey team from having to obtain census data and maps from the census office. Having access to recently
updated maps and household listings can save time and money. In some cases, it may still be necessary to update the household
listing. This listing can quickly become out of date, and household occupancy or composition may change in different seasons.

Existing samples that may be good candidates are the DHS, MICS and similar surveys. Before committing to use another survey’s
frame or PSUs, evaluate whether their sample size is large enough for the required number of people in your target age group(s),
and whether the number of PSUs and cluster sizes are within the ranges discussed in this manual.

Since DHS bases its sample size calculations on the number of women of reproductive age required for its primary purposes,
there are often fewer than four children aged 12—23 months per cluster. A new sample with a larger number of households may
be needed to estimate routine immunization coverage. Assess whether the PSUs in the DHS sample have enough households
to give, on average, the desired number of children per cluster (see Annex B1). For SIA coverage evaluation of a broader age
group, the number of households in a DHS or MICS is likely to be adequate.

If there is no upcoming or recent survey, you will likely need to design the survey and draw the sample from start to finish.
Work closely with the National Statistics Office to obtain the sampling frame, which is usually the most recent census with
population projections where relevant. Also check if there have been DHS or MICS surveys since the census and whether those
surveys updated the sampling frame. If so, even if you do not use their actual sample (as in the option above), it may be better
to use their updated sampling frame than to use the census. But you may not want to use their sampling frame if any areas
were excluded at the time of the DHS/MICS that have since become accessible.

Some areas that were included in the census or in previous surveys may have to be excluded from the current survey for security
reasons or, occasionally, for climatic reasons (for example, if part of the country had been recently flooded). Identify these areas
as much as possible before taking the sample, and document them carefully both in the survey protocol and when reporting
survey findings.

3.6.2. Using cluster sampling.

For household surveys, cluster sampling is often used because it has feasibility and cost advantages over simple random
sampling. Clusters are randomly selected from a complete list of all sampling units that entirely covers the target population
(sampling frame). The simplest cluster sample is a single-stage design, in which primary sampling units (PSUs) are sampled,
and all eligible persons within the selected PSUs are included. With a two-stage design, a random sample of units is selected
from secondary sampling units (SSUs) such as households. This requires a list of all secondary sampling units.

Desirable qualities of a PSU sampling frame are:

e it covers the entire population (exhaustive)
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e every household is in only one of the units (mutually exclusive)

e PSU boundaries are well-defined and easily identified by field teams

e maps are available for every PSU that is selected

e asize estimate (number of households or target population) is available for each PSU.

The sampling frame may be a list of any geographic unit that has clearly defined boundaries, such as census enumeration
areas (EAs), villages, gridded high-resolution satellite maps or urban neighbourhoods. EAs are usually good a choice for PSUs
for the following reasons:

e [FAs are the smallest defined geographical units. Being small reduces the work of listing and sampling households within
clusters.

e [EAs are created for the enumeration purposes of the census. Therefore, in theory, they are appropriate for a listing exercise
and are exhaustive and mutually exclusive. If possible, work with a country’s national office that maintains the census data.
This office has access to EA frames, often has sketch maps to show the boundaries and places of interest, and may have
GPS coordinates of either the EA centroid or the boundary.

e |n most instances, EAs are smaller and more consistent in size than villages, towns and urban neighbourhoods, leading to
similar workloads per cluster.

e The smaller and more consistent size of EAs also eliminates or substantially reduces the chance a PSU will be selected more
than once in systematic probability proportional to estimates size (systematic PPES) sampling. If a PSU has a size greater
than the sampling interval (total population divided by the number of PSUs being selected), it is called a certainty unit. A
certainty unit is one that is guaranteed to be selected at least once. This is not a desirable property. To avoid this, you need
information that allows you to divide the area into two or more smaller units before sampling.

In principle, one can choose to sample PSUs with equal probability (EPSEM). However, there are advantages to sampling with
probability proportional to estimated size (PPES) when the size of the sampling unit varies and when the outcome is correlated
with cluster size. With systematic PPES sampling, larger units that represent a larger proportion of the population or more
likely to be sampled, and it permits greater control over the ultimate sample size in a two-stage design. Another advantage
of systematic PPES sampling is that it reduces variation among sampling weights, which reduces confidence interval width
for coverage estimates. Systematic PPES allows for implicit stratification when the frame is sorted by a characteristic such
as administrative area, population size or urban/rural. Whatever the choice of sorting, systematic PPES sampling spreads the
sample across the subgroups of interest.

3.6.3. Evaluating the sampling frame
[t is important to have a sampling frame that is as accurate as possible and meets the needs of the survey. The steps below
will help you obtain the best sampling frame possible.

1. Obtain a sampling frame of EAs from the most recent census, where available. Invest the time and effort to obtain the
cooperation of the census office or national statistics office so you have access to the census spreadsheets. Learn how to
use their EA sketch maps and GPS coordinates, if available, and try to include a fieldworker with census experience on each
survey team. If you cannot obtain a list of EAs from the census bureau or national statistical office after exhaustive efforts,
you can consider using alternative sampling frames under exceptional circumstances (DHS Sampling and Household Listing
Manual, 2012a). It is important that whatever administrative unit is used, its boundaries can be clearly and objectively
identified in the field so the team can locate the cluster and work there effectively. When boundaries are not clear, there is a
risk that eligible respondents who live at the periphery will be missed, or respondents from neighbouring unselected clusters
will mistakenly be included in the sample.
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2. Evaluate the sampling frame for population coverage, distribution, identification and coding, as well as size and
consistency (DHS Sampling and Household Listing Manual, ICF International, 2012a). Carefully document whether any areas
were excluded for any reason. Document any major changes that may have occurred since the census was conducted, such
as population movements due to major construction like dams. The WHO recognizes that in most instances, the sampling
frames will not be up-to-date, or the population estimate will be for the entire population instead of the target population.
It is impractical to update entire sampling frames for a vaccination coverage survey. Using an existing sampling frame
is adequate for calculating survey weights based on the probability that the PSU is selected into the survey sample (see
section 6.2). You can minimize problems with out-of-date frames by doing a new household listing in all selected PSUs.

3.6.4. Preparing the sampling frame

Before sampling, review the size measures of the PSUs in the sampling frame. If any EA is small and likely to have fewer
households than the target per PSU (see Annex B1), combine it with a geographically contiguous neighbour to form a single
entry in the sampling frame. Divide any large selected EAs that have many more households than needed into segments that are
estimated to have (a) at least the target number of households per cluster and (b) no more than two times the target number
of households per cluster. (See Annex E for more details.) The census office can usually provide a sketch map, which may be an
aerial photograph, digital map or hand-drawn map. It shows landmarks within the EA, the location of the boundaries, streets
within the EA (if any), and households that are concentrated within the EA (especially for rural areas). If EAs are geo-referenced,
Google Earth images can be used as a substitute, often with more detailed information (see Box 4).

If there are no existing maps or the maps are incomplete or poor quality, a mapping team must locate the EA to draw a sketch
map to create segments. Sketch maps for segmentation purposes need only show dwellings and not each individual household,
and thus can be completed relatively quickly — as little as half a day (see Annex E). To segment urban areas, it is almost always
preferable to use a mapping team rather than aerial or satellite photos. Using a random number table or a computer program,
randomly select one segment in each of these large EAs. Use these segments plus the EAs that did not need segmenting as the
clusters for your survey. Another option would be to make some areas certainty units (see below in section 3.6.5); this option
would require discussion with, and support from, a survey statistician.

3.6.5. Sampling PSUs by systematic PPES

Below are steps for sampling PSUs. If you are sampling from the entire frame, simply follow these steps. If the sample is explicitly
stratified (a specific number of PSUs is allocated to each stratum), you must repeat the steps for each stratum. If the sample
is implicitly stratified (sorted by a characteristic), you do not have to repeat the steps.

In the data, each row should represent one PSU. One column should contain the size of the PSU (for example, the number of
households or the population).

1. If you are using implicit stratification, sort the records by the characteristic of choice (for example, urban/rural, region/zone
or population size).
2. Once ordered, calculate the cumulative size measure and place these values in another column.

3. Calculate the sampling interval. The interval is equal to the sum of the size measure of all PSUs, divided by the number of
PSUs to select.

4. Compare the sampling interval with each size measure. If a size measure is greater than or equal to the sampling interval,
this PSU would be selected with certainty and thus, it would be a certainty unit. If possible, divide the PSU up into smaller
units, each with an estimated size (see section 3.6.4). Then return to step 1 to sample each PSU. If in step 6 there are PSUs
that are certainty units that cannot be divided into smaller units, then these should be removed and included in the sample
as certainty units, which for practical purposes are treated as strata. The process above should be started again from step 1
to sample the remaining PSUs.
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e |nsome places, the microplanning may be possible without visting the clusters, using excellent maps & Google Earth
o Elsewhere an early visit will be nessary to make a good map and randomly select a segment to sample
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5. Choose a random number (x,) between 1 and the sampling interval. Compare this number with the cumulative population
sizes to identify the first selected PSU. A PSU is selected if the random number chosen is greater than the cumulative size
measure of the preceding PSU, but less than or equal to its own cumulative size of measure. The first PSU in the list is chosen
if the random number is smaller than the size measure of the first row.

6. Calculate the next number (x,) = x, + sampling interval, to determine the next selected PSU.
7. Continue x, = x, + sampling interval, and so forth until the desired number of PSUs is selected.

The worked example in Annex D shows you how to combine systematic PPES sampling with geographic arrangement of the
sampling frame to achieve implicit stratification by urban/rural residence.

For special population such as refugees or internally displaced persons (IDPs), vaccination coverage survey sampling
recommendations will vary depending on the phase of the emergency. In stabilized situations, it will be important to include
refugees and IDP populations into the national coverage surveys with consideration given to ensure the sampling frame includes
camps and other areas hosting refugees and IDPs to have a representative sample including these populations. In some contexts
where refugees or IDPs represent a large proportion of the population, particularly where there is reason to suspect that coverage
may be different among this group, oversampling may be considered to provide estimates for both the displaced persons and
the host population. If these populations have recently been displaced and there is dynamic population movement, insecurity
issues, and a different population size than is typically used for standard EPI surveys, other survey, or even rapid assessment,
guidance may be used. It is often necessary to use data other than the national sampling frame in these settings. In addition,
maps and up-to-date lists of residents may not be available during emergency situations. Therefore, different approaches to
surveying these populations must be accounted for during the planning and execution of surveys. For guidance in planning
a vaccination coverage survey in immediate emergencies, please refer to the UNHCR vaccination survey guidelines reference
manual?, and 2013 UNHCR Standardized Expanded Nutrition Survey (SENS) guidelines (http://sens.unhcr.org).?

3.6.6. List households in selected clusters

Depending on the survey goals, target age group(s), length of the individual questionnaires, and local demographics, survey
planners may choose a single-stage design or two-stage design. In a single-stage design, all eligible children in the selected
clusters are enrolled to participate in the survey. A two-stage design has an initial phase of household listing and random
household selection, followed by a repeat visit to interview parents of eligible children.

For evaluation of routine vaccination coverage using a relatively short questionnaire (for example, one that does not have many
extra questions on knowledge, attitudes and practice, or indicators related to other health programmes), a single-stage approach
in which all eligible children in the selected clusters are enrolled is often more efficient than a two-stage approach. For example,
if the survey requires 10 children aged 12—23 months per cluster, and the local birth rate is 30/1000 population and average
household size is 5 persons, on average the number of households needed to enrol 10 children would be 103’:) 3160500 = 66.7.If
an enumeration area (EA) contains on average 100 households, the average number of children expected to be found in that
EA would be % = 15 children. It is likely to be more efficient to enrol all eligible children in the EA, by visiting all
households and enrolling eligible children immediately, than to have a first step of listing households, selecting 67 households
randomly, revisiting those 67 households, and enrolling eligible children at the revisit. On the other hand, if a long questionnaire
is to be administered to eligible individuals (that is, one that takes an hour or more to complete), it may take less time overall to
use a two-stage approach so you are not interviewing more individuals than necessary. In surveys such as post-MR campaign
surveys, which enrol persons of a wide age range and an eligible person is found in every one or two households visited, a
single-stage approach would result in a sample size much higher than needed, and a two-stage approach may be preferred.

2 UNHCR (2017) Vaccination Survey Guidelines Reference Manual (Draft)
3 UNHCR (2013). Standardised Expanded Nutrition Survey (SENS) Guidelines for Refugee Populations- Pre-Module: Survey Steps and Sampling, Version 2
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Whether a single-stage or two-stage design is used, a household listing step is essential (see Annex F). In each cluster, survey
teams list each structure on a listing form, noting which are inhabited and which are not (for example, schools and offices).
See Form HH in Annex H for an example. Interviews are conducted at each household to record the names of the heads of the
households and the household composition on this form. In a single-stage design, this is done concurrently with enrolling eligible
persons, and it facilitates quality control of the completeness of the fieldwork and provides the data needed for the weighted
analysis. In a two-stage design, the listing enables the coordinator to select a random sample of households for field teams
to visit at the second stage to collect vaccination data. In both designs, up to two revisits should be conducted, if needed, to
obtain all the information for all eligible persons.

If no one is at home, it may be possible to ask neighbours whether any eligible respondents live in the household. Form HH lists
a field to indicate whether the information about the household comes from a resident or a neighbour.

Regardless of whether the survey uses a single-stage or two-stage design, the outcome of all visits to households in the survey
sample must be carefully documented. Children in households with an available and willing respondent may be more likely
to have been vaccinated than those in households with unavailable or uncooperative respondents, so careful accounting for
missing data is needed to reduce bias in coverage estimates. Form HM in Annex H lists a space for a disposition code (interview
outcome code) for three visits to every eligible respondent in the household.

3.6.7. Collect data on vaccination from eligible persons in each household selected for the
sample

In single-stage designs, all households in the cluster are screened and all eligible persons are included in the sample. It is essential
to visit all dwellings, list all households, and enrol all eligible individuals in the cluster, no matter what the estimate target number
of respondents per cluster originally was in sample size calculations. In two-stage designs, a random sample or systematic random
sample of households within the cluster is pre-selected and the list given to field teams. All households on this list are visited, and
if an eligible person lives there or has spent the previous night there, a vaccination questionnaire is completed.

Up to two revisits should be done as necessary to complete vaccination questionnaires as fully and accurately as possible. If a
respondent is not present at the first visit, do up to two more visits to meet them. If a respondent (for example, the caretaker of
a 12-23 month-old child) is present at the first visit but the home-based record is not available, then complete as much of the
questionnaire as possible at the first visit but do up to two more visits to review the home-based record and complete the relevant
section of the questionnaire.

To have enough time for high-quality household listing, enrolment of eligible persons and collection of complete and high-quality
data, it is likely that more than one day will be needed in each cluster, whether a single-stage or two-stage design is used. Exceptions
may be for post-SIA coverage evaluations for national-level coverage estimates of an SIA that targeted a wide age range (such as
MR campaign of children aged 9 months to 14 years, or meningitis A campaigns of persons up to age 30 years). As few as five
households may be needed in each cluster, and the questionnaires are short, so it may be possible to do the household listing and
mapping in the morning and revisit the few selected households in the afternoon (for an example, see Meyer et al. 2015). Revisits
of households where a respondent was absent at the first visit are still required, however, which might still require a second day
of fieldwork in the cluster.

3.7. Obtain access to health registers for vaccination records

The value of adding visits to health facilities in order to seek more documented evidence of vaccination (for example, for children
whose home-based records (HBRs) were not available) will depend on many factors. One of the most important ones is the
likelihood of finding vaccination records in the facility that are complete and organized in a manner that allows tracking the
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records needed for specific children. In setting where HBRs are less available, oftentimes health facility vaccination records are
also less likely to be of quality or properly archived. These surveys are precisely the ones that would benefit most from having
a higher proportion of children with documented evidence of vaccination. Visits to health facilities while planning the survey
may help you better understand the practices related to record keeping and the feasibility of identifying vaccination records
for selected children. To add value to visiting health facilities, and offset costs, some surveys have added interviews to health
workers about immunization or data quality assessment activities, such as reviews of data in tally sheets and registries, and
comparisons with the data reported in the monthly report form.

It will be necessary to search for evidence of vaccination status in health facility records for children in the cluster whose
caretaker says that they received some routine vaccinations locally, and if:

o the caretaker does not show interviewers the vaccination card, or
e the card indicates some doses with a tick mark, but no date, or
o the caretaker says that the child received some routine doses that are not recorded on the card.

If you decide to access to health facility records to check the vaccination status of some of the children, it is wise to budget
the additional time and resources necessary to do this. Plan to visit all health facilities that vaccinate children in the survey
clusters to establish collaboration, gather early documentation (copies of the records), and assess the health register quality
(legibility of the records).

Before fieldwork begins, obtain lists of the names of the vaccination providers (including private ones), health facilities, and
outreach posts with their geographical catchment areas. It is best to obtain these lists from the district director of health or
the EPI manager, whom the survey coordinator should visit anyway as a courtesy before teams go into the field. You should also
ask local guides for the names and locations of vaccination places the local population uses. If it is common in your country
for children to receive vaccinations from private providers, the steering committee may decide that data collectors should visit
the private providers’ offices to obtain records for children whose home-based records are not available. When surveying IDPs
during or after a crisis, try to locate the health register data at refugee camp health facilities.

It may be more cost-effective to finish the list of children whose records need to be searched and have a different team collect
the data in the health facilities. Taking pictures of the registries may also be useful to verify the data collected.

Be aware that even the original health records could be hard to decipher and may require clarification from the original writer.

3.8. Select and hire staff

Over time there has been a growing trend to subcontract vaccination coverage surveys to private or research institutions. If the
survey is subcontracted, all requirements of the survey, including provisions for data ownership, should be spelled out in detail
in the request for proposal (RFP), and the submissions scrutinized for their exact adequacy adherence to the terms of reference.

One key staff person is the survey coordinator. The coordinator has authority over everyone involved in the survey, and works
directly with whomever requested the survey.

The coordinator is responsible for:

e overseeing the implementation of the vaccination coverage survey
e _ensuring the cooperation of other relevant government agencies
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e making budget estimates for the survey before potential funding sources are identified for the survey
e ensuring proper selection of field teams

e overseeing the fieldwork

e reporting survey results

e overseeing training and pilot testing

e overseeing data entry and data management

e overseeing data analysis and report writing.

Whether directly hired by the survey coordinator or indirectly by a contractor, all types of workers who will be involved with the
data collection and analysis must be identified and selected. The coordinator or the contractor must select people capable of
working as members of a team and qualified to undertake their respective roles, as defined by the job description. The coordinator
or the contractor should establish the required profile of each type of staff for the tasks they have to perform.

The data collection and analysis process have several consecutive steps, each involving its own team of skilled workers:

e data collection, with a team of field interviewers and supervisors (in two-stage cluster surveys, the data collection team may
be subdivided into a household mapping/listing team and an interviewing team)
e data entry, with a team of computer operators, data cleaners, and supervisors

e data analysis, with data analysts producing the tables already defined by the steering group and agreed upon with senior
officials and partners requesting the survey.

Each step of the process requires a thorough data-checking process that includes all of the following:

e inthefield by the interviewers (checking each other’s forms for completeness and accuracy) and supervisors (checking forms,
observing interviews, conducting repeat interviews)

e hy the data entry staff at the time of the dataset is created (creating the dataset by using a double entry process and by
inserting limits for each field)

e Dy the data analysts (checking the consistency and range of the data).

3.8.1. Field staff

Regional coordinators

Regional coordinators are responsible for the fieldwork in one or more strata of the survey. They check the quality of maps and
microplans. Similarly, they assist supervisors and interviewers to be able to find the appropriate clusters, communicate with
each supervisor daily, and make others aware of progress and changes in plans. Regional coordinators also work to ensure
consistent responses to unforeseen developments. Supervisors report daily progress to the regional coordinators, and in turn
the regional coordinators report the progress up to the survey coordinator.

Regional coordinators also conduct quality checks by revisiting a portion of households already surveyed to verify that the
household listing and interviews were conducted properly, that all eligible respondents in those households completed
questionnaires, and that vaccination dates (and possibly other responses) were recorded correctly in homes where cards are
available.
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Interviewers should know ahead of time that a proportion of households will be revisited by regional coordinators, or by other
independent monitors, but should not know which ones.

Field supervisors

Field supervisors have several roles. They must make sure that the fieldwork of their teams is performed according to standards.
Although the supervisor cannot be with every team every moment, this person is expected to be in the field, observing the teams
as much as possible. Field supervisors are also the first-line reference for clarification in case the interviewer has doubts. They
must also flag inconsistencies in the questionnaires, and update the survey coordinator on the progress of their teams.

Too often, supervisors are selected at the end of the training from among the brightest trainees. This may be inadequate for
several reasons. Supervisors do not only need technical skills, but also the capacity to lead a fieldwork team, and to monitor
and constructively correct poor practices of field interviewers. Also, specific training on these skills may have to be organized
at the same time that interviewers are trained to interview, or right before, so that supervisors can also help facilitate the
training of interviewers.

Field supervisors are responsible for:

e ensuring the welfare and safety of the team

e ensuring each member of their teams is fluent with the questionnaires and techniques of the interview
e ensuring each member of the team has the necessary materials for their his or her daily activities

e overseeing the activity in the field

» confirming that a verbal history of vaccination is obtained using the standardized approach, agreed upon during training,
so that the language does not bias the responses

» confirming that adequate time is allowed for the respondent to look for all available home-based records
» checking that field staff do not make transcription errors when copying down dates from the cards or health facility records
» visiting every home in a sub-sample of clusters to confirm that each was visited and revisited if necessary.

e reviewing all forms before leaving the cluster (perhaps at the end of each day) for legibility, completeness, and accuracy,
and the use of photos of cards when possible

e ensuring that completed data collection forms are given to those responsible for data processing in a timely fashion
e checking the quality of photos.

Interviewers

Interviewers work under the supervision and guidance of the field supervisor, and are responsible for collecting the data according
to the instructions given in the data collection instructions to the forms. They are accountable for the data they collect and the
way they collect it.

Below are some things to consider when selecting interviewers.

e |nterviewers should have a sufficient level of education (defined nationally), a pleasant personality tuned to local social
customs, enough physical stamina to walk long distances under rain and sun under through sometimes difficult terrain at
times, and a fluency in the language(s) spoken by the interviewees.

e Depending on the local customs, it may be necessary to have the correct mix of male and female members of the field teams.
In some cultures interviews can only be conducted between people of the same sex, and in some cultures female interviewers
must be accompanied by a male staff person.
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e |t may be an advantage to hire field interviewers who have worked on other surveys. Although they have demonstrated they
can perform under field conditions, their previous experience may give them a false sense of confidence and weaken their
capacity to pay attention to the specific requirements of the new survey. It can be beneficial to include an interviewer with
census experience in each survey team, in case there is a need to do sketch maps.

e |nterviewers must be able to write carefully and clearly, especially numbers. If using CAPI, interviewers must be able to
correctly operate the data collection device to be used for the survey.

e The survey coordinator or the contractor should avoid using health or EPI staff as interviewers when possible.

» People associated with the vaccination services (local EPI staff) may unwittingly influence the way respondents reply
to some questions, particularly those relating to reasons for not being vaccinated. However, people unfamiliar with
the vaccination services may not naturally probe for important information on vaccination age, dates, and reasons for
failure, and may also confuse dates that they see on a card (for example, the proposed return date with the actual date of
vaccination). This is why it is important to train interviewers thoroughly on vaccination practices and on the rationale of
the survey questions. In case no local candidates are found, the coordinator may consider hiring a health or vaccination
staff member from another area, if the candidate can speak the local language.

Drivers and local guides

Drivers are responsible for the proper timing of the daily activities, and for the reliability and safety of the teams’ transportation
to and from sites. This is a very important role, so drivers and guides must be made to feel part of the team and feel accountable
for the timely conduct of the survey.

The selection of a local guide is not usually the responsibility of the coordinator. Usually the coordinator makes arrangements
with authorities in the areas to be covered by the survey cluster or health facilities, to assign guides to the field teams.

The role of local guides is to:

help field teams familiarize themselves with the clusters they are to survey

introduce them to the cluster's administrative and social authorities

advise survey staff on when it is best to visit households

introduce field teams at houses if requested by the interviewers.

Local guides should not be involved in deciding which dwellings to visit, or in interviewing and collecting data.

Observers

The coordinator may decide to include international or national participants, observers or monitors to enhance the confidence
and objectivity in the results of the survey.

3.8.2. Data management and analysis
Information communication technology specialist

Where data is collected using CAPI on mobile devices, the information communication technology (ICT) specialist is a full-time
position based at the central office. This person is responsible for receiving the daily data collection on the server, checking
the coherence of the data, and returning any problematic data to the field that night to be checked and corrected the next day.
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Data manager

The data manager is a full-time position worker responsible for designing the database structure and the data entry interface.
This person verifies that all data (GPS coordinates, questionnaires from households and from health centre registers, photos of
cards, etc.) have been sent daily, monitors the data checking process, and verifies that the monitoring tools have been filled out
daily by the supervisors and given to the survey coordinator. Monitoring tools include the numbers of household visited, percentage
of questionaires completed, percentage of persons whose vaccine records were extracted from the health centre registers, etc.

The data manager also merges files from the data entry operators, and ensures that the paper forms are correctly archived
and stored, copies of the data file are free of viruses, and the data file has been copied for backup purposes. Finally, the data
manager is responsible for training and supervising the data entry operators.

Data entry operators

Depending on the number of computers available for data entry, more than one shift of data entry operators may be employed
to complete data entry. When using double shifts, avoid inconsistencies by training all data entry operators and their managers
uniformly, so all managers give the same answers to the same procedural questions. Data entry operators should be identified
and trained shortly before data entry begins.

Statistician

The statistician contributes at several stages of the project, first working closely with the steering group and later working
closely with the data manager. In early conversations about the survey goals, the statistician calculates sample sizes to meet
the objectives identified by the steering group. Later, the statistician reviews the proposed questionnaires and works with the
data manager to define the database design, design a codebook, and specify appropriate checks on valid ranges of values for
survey responses.

The statistician also helps to evaluate candidate sampling frames for clusters, may conduct or help with cluster selection, and
contributes to the microplanning protocol to be sure that microplanners save information that will be needed to calculate survey
weights. Likewise, he or she works with the steering group to draft table shells and identify graphs needed for the survey report.
When a sample dataset is available, the statistician also writes well-documented statistical code to check the dataset, identify
unexpected data values, calculate derived variables, populate table shells and generate figures.

After the data is analysed, the statistician helps draft the methods, results, and strengths and limitations sections of the report,
and works with other authors to be sure that results are interpreted clearly and correctly. The statistician populates individual
variable summary tables in the final codebook and, when appropriate, makes both the dataset and analysis code available for
checking by independent parties.

When CAPI is used to collect data in the field and upload it to a server, the statistician works with the data manager to create
tools to summarize the data collected thus far, and to identify problems based on whether data are missing or have strange
values, or whether the latitude and longitude of each team’s data are in the expected location of the clusters.

3.9. Train staff

A good survey requires dedicated and motivated interviewers who understand the importance of the survey and their role in it, and
have mastered the use of good tools. The acquisition of the needed skills is the result of the quality of the individual candidates
and their training.
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Final interviewer selection should take place at the end of the training session. Candidates with poor handwriting or those who still
have an incomplete understanding of the forms should not be selected. Train more people than needed so you can select the best,
and also have additional trained workers available in reserve in case several selected workers default for sickness or other reason.

3.9.1. Training time and number of trainees

Annex G provides helpful training tips. Training should be given considerable attention and time. Do not rush the training, and
confirm that the information presented is clearly understood by all trainees. In addition to training on the survey process and
tools, supervisors need training in supervisory skills and in how to do field checks for data quality.

It may require multiple checks to ensure that the staff has acquired the necessary skills. Not doing so will jeopardize the quality
of the results. This is why each instructor should be limited to 20 trainees, so the instructor can devote sufficient time and
attention to each trainee. Having even fewer trainees per instructor may be even better.

A minimum of five days is generally required for the initial training, the field pilot test, the analysis of the pilot test data (to
identify individual mistakes or the flaws in the instruments), direct feedback and potentially revising the tools. Enough time
should be allocated to ensure that field staff understand how to identify the boundaries of the selected clusters or segments,
how to do the household listing, and how to complete the individual questionnaires correctly. If there are several variations in
vaccination cards or EPI register books in circulation, interviewers should learn to recognize and extract data from each type.

3.9.2. Training topics and methods

Provide training on how to handle common problems with household-level data collection. Useful areas to address include:

what to do with several households in a common dwelling

how to define the date of birth if it is not clearly written in the card

how to deal with incomplete or illegible dates or errors in the chronology of dates of birth and vaccinations

how to document a vaccination history from the caretaker, and what to do if there are incomplete forms or absent cards, or
if the caretakers are not present.

For training on using health centre records, focus on the most common problems:

e inability to access the records (staff out of station, records in the field, records already archived elsewhere, etc.)
e inability to locate the child from the records due to misspelling of the child’s or parent’s name
® inability to locate the child in the records due to registrations organized by day instead of alphabetically or by card serial sequence.

Training methods should be as practical as possible. Include instruction on a standard way to write numbers clearly (with
handwriting exercises if paper forms are used), and on how to review incorrectly filled forms. Include role plays on how to do
introductions, ascertain dates and assess likely vaccinations from caretakers. Close observations during training and the pilot
field test will allow the trainer to give immediate feedback and corrective action. Such training is necessary even when field
staff will use digital data entry.

Consider doing a video recording of the pilot field practices of the trainees (budget for this in advance). The day after the field
pilot test, the parts of the videos documenting shortcomings or errors should be shown and discussed. A good technique is to
let the trainees discuss what is wrong or could be improved in that section of the video
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4.1. Collect data from households

4.1.1 Visit all households selected for interviews

High quality data collection (including the revisit of households initially found vacant) will probably require field staff to spend
more than one day in each cluster. Sometimes evening or early morning visits will be required. The interviewers may spend the
night in the cluster if it is logistically possible and safe. The logistical arrangements should allow the interviewers to start early
enough to find children and their caretakers at home.

Sometimes evening (or early next morning) visits will be required. Some interviews may need to take place in the evening after
caretakers have returned home. In these cases, local guides may be even more important to obtain access to houses. Evening
visits may have to be done by male interviewers if security is a concern, or if cultural considerations require it.

Young children do not need to be physically present at the time of the interview, but a caretaker or knowledgeable guardian,
ideally someone who can supply the child’s vaccination card, must be present to proceed with the survey. Nevertheless, when
vaccination has taken place in schools, and with older children, it may be beneficial to have the child present, as the caretaker
may not know about the said vaccination. If no knowledgeable caretaker or card is available during the first visit, a second and
third visit in the evening or on the next day should take place before the interviewer leaves the cluster. Record the interview
outcome for each visit using a disposition code on Form HM.

The total counts of eligible children in each cluster will be used to calculate survey weights. Putting zero or indicating a missing
value for households would lead to an underestimation of the total. So, if no one is at home during the initial visit, some survey
protocols will allow interviewers to ask neighbours how many survey-eligible children live in a household where no one is at
home at the time of the initial visit, and to record this information on the household listing form (Form HH in Annex H).

4.1.2. Conduct the interview

After introducing themselves and explaining the purpose of the survey, the interviewers should establish whether anyone in the
home is eligible (spent the previous night in that household and is of the appropriate age group), and if so, obtain informed
consent to administer the questionnaire. In most cases, ethical review boards will allow a protocol to use verbal informed consent
only if the survey does not include taking biological samples. If the coverage survey is combined with a serosurvey, then the
protocol may involve having an adult sign a consent form.

To ascertain the eligibility of a person it is necessary to identify his/her age and therefore the date of birth. This can be done
from the vaccination card, or a birth certificate, if available. If a card is not available, the date of birth should be reconstructed
from a calendar of local events (prepared during training): religious festivals, political events like elections, climatic events
(monsoons, cold weather), etc. It might be time consuming but is essential.

After obtaining consent to proceed, begin the interview, following the logical flow of the questionnaire. The availability of a
vaccination card should be immediately assessed using the specific questions in the questionnaire (Have you ever been given
a card? Do you still have it? Can you bring it?). It is vital to give the caretaker time to find the card, and to offer to return at a
later time if necessary (for example, if the card is in a locked cupboard and the father has the key and will return later that day).

If a card is available, the interviewer should check the date of birth and available dates of vaccinations for legibility and
consistency. The card should be interpreted according to the format used in the area. For example, sometimes a date written
in pencil means the date the child should return for the next dose. The protocol should be clear about any local or national
practices that could be confusing to survey staff.
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If there are no written dates for a vaccination the child is eligible for, the caretaker should be asked for a history of that
vaccination, using the national EPI body site for each injection, such as right arm or left leg, as a reference. The interviewer
should also ask about the name of the place (health facility, outreach site, etc.) where each vaccination was received to facilitate
obtaining the health record from the health register.

4.1.3. Refer unvaccinated children to the health centre

If the interviewer learns that a child in the household is overdue for a vaccine, he or she should recommend that the caretaker
take the child to the health centre to receive the vaccine. Before the survey begins, you may ask the ministry of health to create
a referral letter for this purpose, and give a copy to the child’s caretaker. Give the health centre a copy in advance so they are
aware that the survey team may refer a small number of unvaccinated children over the age of 12 months. Also give a copy of
the letter to the caretaker of any child that should be referred to the health centre for a vaccine.

4.1.4. Check the completed questionnaire

Every completed questionnaire should be checked by the interviewer first, and later by the supervisor. Every question of the
form should be filled in clearly and legibly. If one interview team member writes the dates, then before leaving the home, the
other team member should check the form to verify the correctness and legibility of the dates. The dates on the questionnaire
must match what was recorded on the vaccination card, even if the vaccination card has invalid dates. The data manager
or field coordinator, not the interviews, must decide how to handle such dates. If the protocol includes taking a photo of the
vaccination card, the photo should be checked for clarity. Additional photos should be taken, if necessary, to eliminate a bright
glare, dark shadow, or blurriness.

The supervisor must verify every questionnaire for completeness, consistency, and legibility, and also evaluate photos for clarity
and completeness. If there are errors in completing the questionnaire, the interviewer must correct them before leaving the cluster.

4.2. Check health registers from the health centre

See section 3.7 for guidance on when it is appropriate to check health registers. If the team plans to check health registers,
the first task is to find the child in the health register:

e Narrow the time period to match the month and year of birth with the month and year of the record pages;
e |ncase of a health record issued serially with the vaccination card, try to match them;
o Try to match the name of the village, hamlet, or administrative unit from the questionnaire with that on the register; and

e Tryto match the name of the child as well as the names of the father and mother. Often people have two names (their official
administrative name and their usual name), which makes matching difficult. In some cultures, very young infants do not
receive a name until several weeks after birth.

After the child’s record is found in the health register, the team should copy the data from the vaccination record on a separate
health centre form (RIHC questions in Annex H).

Some surveys may include up to three types of vaccination information for each child:

e vaccination history according to the card
e vaccination history according to the caretaker’s recall
e vyaccination history according to the health registers.

51



World Health Organization vaccination coverage cluster surveys: reference manual

Sometimes these sources will have discrepancies. The data collection field teams do not need to make any decisions in case
of discrepancies, but simply to record verbatim what has been found. At a later stage, data analysts will describe and address
the discrepancies, carefully documenting each decision they make about editing data in the database and why.

4.3. Monitor the quality of field data collection

A quality survey depends on the work done in the field. There are several potential sources for error in the data, and the
interviewers, supervisors, and field coordinators have the primary responsibility for identifying and correcting errors in the
initial collection and recording of the data.

4.3.1. Re-check households with no eligible children
If the household listing form says that there is no eligible child in the household, check the household again to be sure.

4.3.2. Check completed questionnaires

Responses from the child’s caretaker, the home-based record, or the health register may be missing, illegible, or in error. The
interviewer may have misunderstood the child’s caretaker or misread the home-based record or health register. The interviewer
may also have forgotten to enter the information or may have entered it incorrectly.

Each form, and ideally each page on the form, should contain the following information, and supervisors in the field should
check each questionnaire for these items:

e Form number: Each questionnaire should be assigned a unique form number to facilitate checking the data entered with
a paper form.

e Cluster number: A cluster number should be entered for each form, because the data cannot be properly analysed if there
is no cluster number. Ideally, clusters should be numbered from 1 to the total number of clusters. For example, if data are
being collected for 30 clusters, clusters should be numbered from 1 through 30. Although census bureaus usually assign
a much longer and more complicated identification (ID) to each EA to indicate province and district location as well as a
rural/urban distinction, these long sequences of ID characters are subject to transcription errors and should be avoided in
field paperwork. The survey data coordinator can maintain a list that matches the simple survey cluster number from each
stratum (for example, 1-30) to the complete and specific EA number provided by the census bureau.

e Household number: The household number is a combination of structure ID and household serial number, as recorded on
Form HH (see Annex H). The household number for each household in which an eligible child has been interviewed should be
recorded to facilitate data checking. Since several interviewers are likely to be working in the same cluster, each interviewer
should be assigned a set of structure numbers in advance (for example, 100-199, 300-399).

¢ Household resident number: A resident number must likewise be entered for each form so that the data can be properly
analysed. Household resident numbers are assigned within households and range from 1 to the total number of residents in
the household. Forms RI, TT and SIA in Annex H include a place to record the resident number for each child and caretaker
from Form HM. It can be helpful to record the child’s first name as well. (Note: During data cleaning and management, each
child will be assigned a unique ID in for the survey, consisting of a combination of stratum ID, cluster ID, household ID, and
household resident number. It is not necessary to construct this unique number in the field.)

e Child’s date of birth: The child’s date of birth should be entered on the questionnaire and checked to ensure the date of birth
is between the eligible dates of birth for the age cohort.

o Date of interview: The date the interview was conducted should be recorded and checked.
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e Dates of vaccinations: Vaccination dates should be between the date of birth and the date of the interview. The answers
to questions on dates of vaccination should be consistent with the response to the answers about the presence of a home-
based record. If there is no home-based record, or the card had only a tick mark, there should be no dates of vaccination,
and instead, there should be answers on the caretaker’s verbal history of vaccination. For such children, vaccination dates
will be sought in the health facility and recorded on a health facility form.

e Home-based record (vaccination card): If the completed questionnaire indicates that there is no home-based record for
an eligible child, check to make sure this is actually true.

e Qther fields should have an entry within the range of acceptable entries.
e Finally, a field for comments about the interview is often useful, even when data is collected using mobile devices.

Each data collection form should have an entry for each field (unless some questions cause others to be skipped) and the
responses should be legible. In general, in survey forms, text in lowercase represents what is to be read as part of the interview
and text in uppercase represents text that is not to be read, such as instructions to interviewers. Each form should have a correct
cluster and household resident number entered. Only those who meet the eligibility criteria should be included in the sample.

There are several levels of quality monitoring expected in the field:

1. Each interviewer is expected to submit only completed, legible, and accurate questionnaires. When there are teams of two
interviewers, it is useful to have each worker check the other’s questionnaires after completion.

2. Every day, the supervisor must check every questionnaire for completeness, legibility, and accuracy. The supervisor checks
that the household list indicates that questionnaires have been completed for all eligible children, and if not, there are
reasons recorded for missing questionnaires (for example, caretaker not available after two visits or refused to participate).
All forms must be checked and corrected hefore leaving the cluster area. The supervisor’s signature on the questionnaire
confirms that this was done.

3. The survey coordinator or contractor is expected to organize a revisit of 10% (as an ideal) of all eligible children a day or
two after they have been visited, to be sure that maps were followed correctly, cluster or segment boundaries were correctly
identified, and that fieldworkers did not skip (either intentionally or by mistake) interviews for eligible children. Because
the coordinator’s priority is to support the ongoing survey activities, it is not practical for him/her to do all of these revisits
alone. Instead, the survey team should budget for a dedicated supervisor or two to be assigned to that task. Contractors
may resist this provision, but it is a recommended practice. A 10% sample of clusters should also be revisited for repeat
household listing, to check that the household lists have been done correctly and tally eligible respondents in each home.
The children to be revisited can be selected randomly or not, as the coordinator may have doubts on specific questionnaires.
When revisiting the households, the supervisor should ask the caretaker to repeat the interview for the sake of quality control,
and compare the resulting questionnaire’s results with those of the interviewers.

Supervisors should give feedback immediately to interviewers about any discrepancies, correct the discrepancies, and discuss
steps to improve the next day’s work. Any discrepancy or missing data should be resolved by discussions with the interviewers,
a review of photographs of the vaccination card (if available), or revisits to households if necessary.

4.4. Check questionnaire forms and transmit

The data collection team should count all questionnaire forms and verify them against the household lists. Once the
questionnaires and health register forms have been checked by the supervisor, the supervisor should send them to the survey
coordinator through safe channels as soon as possible, to be entered into a database. When data is collected digitally through
smartphones or other portable devices, it may be easier and faster to transmit the data to the survey coordinator provided that
there is good connectivity, than when paper forms are used.
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4.3. Clusters that become suddenly inaccessible

As the survey progresses, situations can change and some clusters may become suddenly unsafe due to nearby hostility,
wildfires or flooding. If safe access is expected to be restored during the period of field data collection, make every reasonable
effort to retain the originally selected cluster in the sample. (For example, a flooded river is expected to recede.) This may require
postponing data collection in that area and coming back toward the end of the survey. This is the most desirable outcome
from the perspective of data integrity and representativeness. If the problem persists and there is no reasonable expectation
of being able to collect data in that cluster as planned, then the survey steering group will need to determine whether to select
a replacement cluster, and how the data analysis should account for the missing data from the originally selected cluster.

If the factor that made the cluster inaccessible to the survey team might also periodically make the same cluster inaccessible
for vaccine delivery, that cluster might have especially low vaccination coverage and leaving it out of the survey might bias
results upward. Some sensitivity analysis might be required to understand what the effect of finding low coverage in that cluster
would have been. On the other hand, if the inaccessibility during the survey was clearly not related to anything that might have
affected vaccination coverage (for example, these were the first wildfires in the region in over five years), the steering group
may decide simply to substitute another randomly selected cluster for the inaccessible cluster and skip the sensitivity analysis.

The safety of the survey personnel is of primary importance, of course, and decisions about survey operations should ensure as
safe a working environment as possible. If some originally selected clusters are omitted or replaced during the fieldwork, then
the survey report should document clearly what was done and indicate the reasons for omission, speculate about whether these
causes might also affect vaccination coverage there, and document any sensitivity analyses.
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This chapter describes steps necessary to prepare the data for analysis. Some surveys use paper to record interview responses
and others use CAPI to record, store and transmit data.

9.1. Database design

Design and test a database in advance of the survey completion. Develop the database structure, create data entry routines
and entry range checks and complete consistency checks. The database structure should be complete and accurate, and tested
with pilot data so that the development of the statistical analysis programs can begin as soon as possible. The data manager
is responsible for designing the database structure and the data entry interface.

Construct a complete list of survey variables, known as a data dictionary or codebook, at the same time the database structure
is established. Each variable will have a type (string or number), a label, and a set of valid values. Categorical variables should
have clear, concise labels for each category. Responses like “Do not know” or “Refused to answer” should have well-defined
values in the codebook and in the data entry software. After data has been collected, the codebook can be updated to include
a brief summary of each variable in the dataset. Section 5.5 describes the components of a useful codebook.

In most cases, each child will be represented with one data record. If the survey collected data on more than one cohort of subjects
(for example, a cohort of children 12—23 months of age surveyed for routine vaccination, and a second cohort of women who have
given birth in the last year surveyed for tetanus toxoid coverage), it is advisable to have a separate database for each cohort.

When responses are recorded on paper and entered later into a computer, the data entry form should look as much like the
paper data collection form as possible.

Data entry operators may make errors such as typing a response inaccurately, not entering records (or entire forms) completely,
or entering forms multiple times. The database should be designed to catch or prevent as many of these errors as possible,
using appropriate filters and error checking. The software should accept only valid values for categorical variables and should
provide a warning when data appear illogical (for example, the date of the second dose of the oral polio vaccine (OPV2) is
earlier than that for OPV1).

If the data will be analysed using the WHO Vaccination Coverage Quality Indicators (VCQI) tool, it will be more efficient to use
variable names and coding conventions listed in the VCQ/ Forms and Variable List (FVL) document (WHO, 2017, available on
the web http://www.who.int/immunization/monitoring_surveillance/routine/coverage/en/index2.html ).

9.2. Data entry

Depending on the number of computers available for data entry, more than one shift of data entry operators may be employed to
complete data entry. When using double shifts, care should be taken to avoid inconsistencies by training all data entry operators
and supervisors uniformly, so all supervisors give the same answers to the same procedural questions. Data entry should take
place in a separate room from other survey activities, where the staff is not disturbed and the questionnaires are secure. Each
data entry operator should be assigned a unique staff ID number that they enter with every record so feedback can be given to
the right people if data quality audits reveal too many data entry errors. To reduce data entry errors, have each data form entered
independently by a second data entry operator, and then compare the two entries using computer software (see section 5.3).

Once all the data is entered, the data manager must merge files from the different data entry operators, and ensure that the
paper forms are correctly archived and securely stored in a fireproof and dry location that also ensures confidentiality. Only a
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limited number of survey staff members should have access to forms or photos that contain personally identifying information,
and they should be well trained on how to do their work without revealing the identity of participants to other people who do not
need to know that information. The data manager should also check that copies of the data files are free of viruses, and should
backup data files regularly. In some instances, it may be important to document and manage different versions of the master data
file to ensure the correct version is being used, and many available software packages have methods to do this automatically.

5.3. Clean the dataset

The data manager should work with the statistician to clean the dataset and create a series of checks for every variable in
the dataset. The data cleaning step, when performed over all variables and all records, is time-consuming, but it is important
to devote adequate resources for it. It is not sufficient to spot-check a subset of variables or a subset of records. Computer
software should compare every variable and every record in the dataset, and all inconsistencies should be resolved before the
data are summarized and analysed.

The data manager must have a plan for what to do when there are errors, and must follow the plan consistently. If the data
management team changes any values in the dataset, the change should be documented in a data cleaning log. The change
should be made using software, not by changing the value in the original dataset. This makes the changes reproducible and
makes it possible to reverse the changes if they are later overruled. The software should include either comments or variables
that capture the reasoning behind the decision to change a variable’s value. The sections below provide suggestions for handling
different types of errors.

5.3.1. Duplicate, missing, or conflicting data

The data manager should check for duplicate entries or forms that were not entered. When entries for one or more fields differ
between the two versions entered, the data manager should refer to the original data collection forms (and, where relevant,
photographs of home-based records or health facility registers) to determine which entries are correct.

5.3.2. Implausible or illogical responses

The values should be checked to be sure they are plausible, and any logical relation should be checked to be sure the relation
holds. Some examples: every vaccination date for a particular child should fall between that child’s birth date and the date of
the interview, every record from a particular cluster should have been collected on the dates that the team visited that cluster,
and every record from a single geographic stratum should have latitude and longitude values that fall within the boundaries
of that stratum. The data manager should document any checks done for plausible values or logical relations.

The data manager should correct any implausible values found. Consult the original paper form, photograph of the vaccination
card, or health facility record in case the problem occurred during data entry. If the unlikely or invalid value occurs on the
original document as well, then the problem should be noted. When it is obvious what the correct value should be (for example,
when dates fall in early January, it is common for people to continue to write the previous year), the value can be re-coded, but
the decision to re-code responses from the value given to another valid value should be considered soberly. This serious action
must be justified, documented clearly, applied consistently, and noted in the final report. If there is any ambiguity at all about
the correct value, the safest course of action is often to set improbable values to “missing” and document that decision. If
the incorrect value is a vaccination date, set the date to “missing” and include a tick mark variable to indicate that the child
received the dose, but we do not know the correct date.
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5.3.3. Skip patterns

Some complicated forms use skip patterns, where one response on an earlier question causes the interviewer to skip later
questions. For instance, in the verbal history portion of the questionnaire, if a caretaker says that a child has never received
any vaccinations at all, the interviewer would skip the specific questions about BCG, OPV, etc. When data is collected using
CAPI, the skip logic is usually programmed and tested, and is performed automatically. But when data are collected using
paper forms, it is common for interviewers to inadvertently ask questions they should have skipped, or fail to ask questions
they should have asked.

Data checking should include a step to evaluate whether skip patterns were correctly observed. If a question should have been
skipped but data was recorded and entered, change the response to “missing” and document the change.

9.4. Merge datasets and construct derived variables

This manual gives broad guidance, which may be made more specific by consulting with the statistician who will analyse the
survey data.

5.4.1. Merge datasets

After the data have been entered, cleaned, and checked, there may be some work necessary to merge data from different sources.
Data collected in the respondents’ household may be held in a different dataset than that collected in health facilities, and
these datasets may need to be merged to construct a master dataset for analysis. Photo file names may need to be merged or
associated with individual survey records.

5.4.2. Construct derived variables

The statistician will need to calculate a set of derived variables, new variables created using information about the sample
design and the data collected in the survey. These variables help populate the table shells identified in the analysis plan that
was developed during the survey planning stage. Derived variables include indicator variables, such as fully immunized child,
and the survey weights.

A set of derived variables will combine information from the home-based questionnaire and the records from a health facility
to indicate whether a child received a particular dose. Different derived variables can code, as described below, whether the
child’s coverage status is documented by (a) any documented source of evidence (card or register), or (b) any documented source
of evidence (card or register) OR verbal history. These derived coverage variables will be summarized to estimate vaccination
coverage in the survey target population.

If the survey collected data on questions with open-ended answers, in which the respondents’ words are recorded on the data
collection form (for example, “Other, please specify:” or “If not, why not?”), it may be useful to have someone evaluate all of
the responses to identify common themes or answers. These themes can be coded for later summary, using a small number of
categories in a derived categorical variable.

The dataset should include variables to calculate the survey weights and to identify which cluster and household the respondent
comes from. If the survey design was repeated across numerous strata (for example, a cluster survey was conducted in each
region of the country), there should be a variable to indicate which stratum the respondent belongs to.
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Derived variables showing evidence of vaccination

The analysis will summarize vaccination in several ways (crude doses, valid doses, doses given before age 1, etc.). It will be
helpful to construct indicator variables for many of these conditions for later summary in the tables. If you use VCQI, it calculates
these variables automatically.

One helpful convention is to code the variable using a “1” if the respondent meets the category, using a “0” if he or she does
not, and using a “missing value” if the respondent cannot be assessed for the variable in question. Some examples of helpful
vaccination indicator variables include the following, for each vaccine/dose combination (for example, BCG, OPVO0, OPV1, OPV2,
OPV3, DTPCV1, DTPCV2, DTPCV3, MCV, etc.):

e got_DTPCV3_by_card

e oot_DTPCV3_hy_register

e oot_DTPCV3_by_history

e got_DTPCV3_hy_any_source
e got_crude_DTPCV3

e oot _valid_DTPCV3

e got_DTPCV3_hy_12months

e got_DTPCV3_resolved_for_coverage (this last indicator is the one used for official coverage estimates; it applies logic like
that listed below to resolve disagreements between card, register, and history).

Resolve data conflicts consistently

Some children in the dataset will have vaccination information from a single source (card, register, or history), but depending
on the questionnaire and protocol, many children may have more than one source of information. If the sources disagree on
whether or when the child received a particular dose, then the analysis plan should specify a protocol or hierarchy to decide
which source of information to use. It is best to specify this hierarchy early in the process and use it to construct the derived
outcome variables.

Each indicator will have a favorable outcome and an unfavorable outcome: for valid coverge, the favorable outcome is to decide
that the child received a valid dose; for dropout, the favorable outcome is to decide that the child received both the early and
later dose. We recommend a hierarchy of evidence that depends on which sources of evidence are available, whether health
facility records were sought and if so, for whom.

Indicators that require dates, such as valid coverage, should use a hierarchy like the one below.

1. If health facility records were sought for every child:

» If both home-based (card) and health facility-based records (register) are available for the child in question and there
is evidence of the favorable outcome on either the card or the register, that favorable outcome is coded in the derived
variable for the indicator. (For example, if the card shows that OPV1 was invalid and the register shows that it was a
valid dose, we give credit for the valid dose.)

» If acard is available but the child’s record was not located in the health facility records, the outcome is coded according
to the information on the card.

» If nocard is available but the child was located in health facility records, the outcome is coded according to the health
facility record.

» If no card is available and the child was not located in the health facility records, the outcome is coded as missing.
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If health facility records were only sought for children who did not have a home-based record:
» If acard is available, the outcome is coded according to the information on the card.

» If no card is available but the child was located in health facility records, the outcome is coded according to the health
facility record.

» If nocard is available and the child was not located in the health facility records, the outcome is coded as missing.

If health facility records were not sought at all:
» If acard is available, the outcome is coded according to the information on the card.
» If nocard is available, the outcome is missing

9.9. Generate a codehook

When the dataset is nearly ready, it is helpful to update the codebook (also called a data dictionary). The data manager and
statistician should review it carefully to identify any remaining implausible values. An excellent codebook includes the following:

e Qverall Summary. Briefly describes the source of the data, the time period and manner in which it was collected, and contact

information for the organization responsible for the survey, in case eventual codebook readers have detailed questions.

o List of variahles. A simple, uncluttered list of the variable names and labels for quick reading and electronic parsing.

e Full Dataset Summary. Summarizes each variable in the dataset, documenting variable name, label, type, and length, and
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then summarizing the variable in one of several fixed formats:

» For categorical variables: a frequency table with data values, formatted labels, and a count of the number and percent
of observations that take on that value in the dataset.

» For continuous variables: a univariate summary including minimum, maximum, median, mean, standard deviation,
standard error, and the number of observations that are missing, or that use special missing values (for example, Refused,
Don’t Know, Questionnaire ltem Skipped Appropriately).

» For dates: an indication of the first and last dates in the dataset (to detect outliers).

» Foropen-ended questions: the codebook can either list the variable and the number of missing and non-missing responses,
or it can document every unique verbatim answer in the dataset (often in a separate section for each open-ended response).

Stratum-Specific Summaries. In some cases where there are well-defined subgroups in the dataset, the responses from each
subgroup are documented in a separate section. These data summaries are usually constructed, calculated, and formatted
using automated tools that can easily produce periodic updates to codebooks, and can serve as a basis for conversations
about project progress or difficult data-related issues.

Notes. This part of the codebook provides any helpful information about the dataset, including special documentation of
data quality flags, problematic periods of data collection, formulas for calculating derived variables, known problems with
individual variables, citations to literature that describe derived variables, and validated scales or scores calculated from
raw Ssurvey responses.
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This chapter describes standard and optional vaccination coverage analyses, and provides table shells and example figures
for how to show the results. WHO has developed an open source Stata package named Vaccination Coverage Quality Indicators
(VCQN! to perform many of the analyses described here.

It is essential to specify the desired analyses, table shells, and figures at an early stage of the project, to ensure that the survey
sample will be adequate to meet the survey goals, and to ensure that there is adequate budget and time to do the analyses.

In the past, reference manuals have given guidance and formulas for calculating coverage estimates by hand. Now that the
survey uses a probability sample and conducts a weighted analysis to account properly for the complex sampling design, we
recommend always using survey software to do the analysis. Therefore, this manual does not provide formulas for calculating
coverage estimates, confidence intervals, or confidence bounds. These should all be calculated using software and syntax
appropriate for stratified cluster surveys. Appropriate software might include Stata, R, Epi Info, SAS or SPSS.

For the sake of transparency and reproducability, the survey report should describe clearly what software you used and, in
many cases, what options you used within the software. How were standard errors and confidence intervals calculated? Did you
use the Taylor-series linearization method or some other method? What confidence intervals were calculated for the coverage
proportions? What statistical methods and what software procedures were used to test hypotheses? The report should be very
clear on all these points. Accordingly, the software programs and syntax used to conduct analyses should be saved, not run
once and deleted. They should be made available for auditing or for editing in case mistakes are found.

Analysis of routine vaccination data takes more time than it once did, because the increasing numbers of vaccines and doses
in national EPI schedules make the analysis more complicated. In addition, the new recommendation to seek documented
evidence of vaccination by visiting health facilities creates an additional dataset that complicates the analysis process. Even
after data have been collected well, managed well, and cleaned well, the summary and analysis of a coverage survey requires
a substantial amount of statistical programming to generate clear results that are well-documented and reproducible.

6.1. Conduct descriptive analyses to characterise the sample and assess its quality

6.1.1. Describe the sample

Describe the general characteristics of the sample and show how it compared to what was predicted in the planning phase.
List the number of clusters that the teams planned to visit, whether any were inaccessible, and whether any were replaced.
List the expected and observed numbers of completed responses per cluster by stratum. This can be done in the form of a table.
(See Table 3.) If the survey was stratified for example, urban/rural stratification, the table should show the results for each
stratum so it is easy to identify any differences (such as in participation rates, card availability rates, sex distribution, age of
participants). These differences may raise the possibility of data quality issues that need further investigation.

1 VCQl resources are available on WHO vaccination coverage survey webpage http://www.who.int/immunization/monitoring_surveillance/routine/coverage/en/ under
survey methods and at the User’s Group website online: https://www.technet-21.org/en/network/groups/293-vcqi
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Table 3. Results of the household visits and interviews

Urban Rural Total

Number of clusters in this stratum () () ()
Total households in sample (or stratum) () () ()
Households with information on whether or not an eligible individual resides there

» According to information from household member

» According to information obtained from neighbours?
Households with missing information
Number of eligible individuals (by age group, if applicable) () () ()
Number of eligible individuals for whom information on vaccination was obtained () () ()

Number of eligible individuals for whom no information was available:
» Caretaker unavailable
» Refused
» Other

Sex of eligible individuals:
» Male
» Female

Note: Numbers listed in parentheses would be expected counts, based on pre-survey plans and demographic expectations, listed here for comparison
purposes.

6.1.2. Summarize coverage data graphically

A helpful way to visualize coverage survey results is with a simple bar graph called an organ pipe plot, in which each vertical
bar represents a cluster, and the colored portion of the bar represents the proportion of survey respondents in the cluster who
were found to be vaccinated. The width of each cluster’s bar is proportional to the sum of its survey weights, and the bars are
sorted, left to right, in descending order of cluster-level coverage. See Figure 4 and Figure 5. The plots derive their name from
the stepwise decreasing shape of the shaded region, like a section of organ pipes in a concert hall. VCQl includes a program
to make these plots.

Figure 3. The name “Organ Pipe Plots” is inspired by pipes like these

2 Thisis needed only if the survey instructs interviewers to ask neighbours how many survey-eligible children live in a household, when no one in the household is at
home.
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Figure 4. Organ pipe plots for four hypothetical strata, each with coverage of 50%
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ICC: Intracluster correlation coefficient

The plot provides an intuitive representation of what the survey found. If all survey respondents were vaccinated, the entire
chart would be shaded. If none were vaccinated, it would be empty. When bar width is proportional to the sum of survey weights
in each cluster, the proportion of the chart that is shaded is equal to the survey-weighted coverage estimate. Any variability of
bar heights reflects heterogeneity in the cluster level coverage estimates, and dramatic variability may reflect differences in
vaccination programme performance.

The variability in bar heights is a visual representation of intracluster correlation (ICC) and is related to the design effect
(DEFF). A stratum with homogeneous coverage will have a design effect very near 1. If some clusters have 100% coverage and
all others have 0% coverage, the design effect will take on its maximum possible value. Other patterns of coverage will result
in design effects that range between 1 and the average number of responents per cluster.
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Figure 5. Organ pipe plots for four real strata from a self-weighted measles SIA

Province A - CVG 75% ICC 0.025 Province B - CVG 88% ICC 0.598
100
5
] 0
3
o
u_
Province C - CVG 92% ICC 0.016 Province D - CVG 72% ICC 0.387
100-
5
S 50-
g
2
&
D..

(VG = estimated coverage; ICC = intracluster correlation coefficient

Construct organ pipe plots for each vaccine and each stratum in the survey. They can be very effective with very few labels—just
the name of the stratum, and the vaccine and dose. It will not always be necessary to label the clusters, although you may wish
to subtly indicate the number of completed interviews in each cluster or add some other detail to put the data into context.

By itself, the organ pipe plot does not show the number of respondents per cluster. To drill down for additional detail, or to

identify which clusters have surprisingly few vaccinated respondents, the VCQI software generates a table to accompany each
organ pipe plot; the table lists cluster-level details for additional consideration.
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6.1.3. Identify clusters with alarmingly few vaccinated respondents

In most cases, we do not recommend interpreting cluster-level coverage results, because they are usually based on a very small
sample and do not provide a precise estimate of local coverage. These results are meant to serve as a sample that is aggregated
at the stratum level where a meaningfully precise estimate may be calculated. We do, however, recommend that special attention
be paid to clusters that yield remarkably few vaccinated respondents. For instance, if a cluster yields zero children who were
vaccinated in the most recent SIA (as in Province B in Figure 5), this is an important result that should be communicated to
health officials right away. It does not necessarily indicate that campaign workers failed to vaccinate that cluster, but given
a well-organized campaign it would be very unlikely to find that every eligible child surveyed was not vaccinated. Either way,
some investigation and follow-up is warranted. Similarly, it would be notable in a routine immunization survey to find a cluster
where zero survey respondents had received BCG (or any other first-dose vaccine); this is an important result that should also be
communicated to health officials and investigated further as this may indicate a problem with access to vaccination services.

The organ pipe plot will give a quick visual indication of whether there are clusters with alarmingly few vaccinated children
in the survey sample. The threshold for what to consider alarmingly few might vary; certainly zero is alarmingly few. In some
contexts, one or two or three might also be considered alarmingly few vaccinated children in the survey sample. It can be helpful
to provide a separate report on this issue. In fact, this finding does not depend on survey weights, so it would be possible to
generate unweighted plots and run this report as soon as the dataset is cleaned, even before the survey weights are available.
This would provide immediate actionable information from the survey.

Hopefully most strata will not yield any clusters with low coverage, but when one does, consider providing the following
information in a brief report:

1. For each vaccine/dose of interest, list the clusters where alarmingly few respondents were vaccinated. List the stratum,
cluster number and name, number of completed interviews, and number of respondents who were vaccinated, possibly
breaking out results according to card, register, and caretaker history.

2. If the survey asked caretakers for reasons for non-vaccination, tabulate those reasons by cluster — compare the reasons
for non-vaccination in the clusters with higher and lower coverage values. Any striking differences in those reasons may
provide a clue as to why the coverage in the sample was so low. Also tabulate any comments that accompanied the survey
forms. These responses from caretakers may shed some light on what is happening there; perhaps the neighborhood clinic
is usually closed or maybe there is a prevalent anti-vaccination attitude in that neighborhood.

3. Where applicable, provide a map showing the clusters of interest, possibly overlaying health district boundaries, to show
health officials precisely where the data of interest were collected.

These materials should be used to follow-up in each identified cluster, to understand the reasons for the low coverage among
respondents.

Note that in some coverage surveys, such as the UNICEF Multi-Indicator Cluster Survey (MICS) or USAID Demographic and Health
Survey (DHS), the number of respondents aged 12—23 months in many clusters is often as small as 0 to 3. With such a small
sample size, it may not be alarming to find 0 or 1 vaccinated child in a cluster. When the number of respondents in a cluster is very
low, it may not be helpful to follow up on low cluster-level results. On the other hand, in most EPI coverage surveys, the number
of respondents per cluster will be 5 to 10 or more. In this case, low cluster-level coverage may warrant additional attention.

WHQ'’s VCQI tool provides a way to see which clusters have low coverage. With each organ pipe plot, the software generates a
table in which each row corresponds to each column of the plot. It lists the cluster ID, the number of respondents in the cluster
and the proportion who were vaccinated. Consult the table to learn which cluster [Ds have very low coverage and to decide which
clusters have enough respondents to make low coverage a surprising result worthy of follow-up.
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6.2. Calculate weights for analysis

Under the multistage PPES sampling approach described in this manual, the analysis will most likely need to be weighted
because sampling probabilities will likely differ for different respondents. Each respondent’s data record will be accompanied by
one or more weights that will be calculated by a statistician or partners in the national census agency. Weights can be scaled so
they sum to the target population for the survey, in which case the weight is interpreted as the number of eligible respondents
in the population who are represented by this respondent in the sample. The survey report should include an annex that clearly
describes how the weights were calculated for your survey.

The calculation of sampling weights can be conducted in three steps: 1) calculating the design weight, 2) adjusting for
nonresponse and 3) post-stratifying to match population totals. The first step should be done in all vaccination coverage
surveys. The other two are applied as needed. Below is a description of how to calculate the sampling weights. The process is
described in more detail in Annex J.

6.2.1. Calculate the design weight
The design weight is the reciprocal of the probability that the respondent was selected to participate in the survey, which is the
product of the probabilities of selection at each stage. There can commonly be up to four stages of selection:

1. Ppsu is the probability that the PSU was selected from the frame of all possible PSUs

2. Psegment in PSU is the probability that the segment of the PSU was selected from the list of segments in the PSU (equals
1 if the PSU is not segmented)

3. PHousehold in Segment is the probability that the household was selected from the list of households in the segment
(equals 1 if all households are selected)

4. PRespondent in Household is the probability that the respondent was selected from the list of eligible respondents in
the household (equals 1 if all respondents are selected)

The probability that the respondent is selected is
Pselection = Ppsu * pSegment in PSU * PHousehold in Segment * pRespondent in Household

The design weight is:
1

WeightDesign = P—

Selection
6.2.2. Adjust for nonresponse
The design weight reflects the selection process, and all the sampled eligible persons will have a positive value for
Weightpesign- However, it will not be possible to obtain information on all the selected respondents, for example, because
the caretakers are absent or refuse to participate in the survey. To ensure that the survey results represent the target population,
an adjustment is made to the design weight to transfer the sampling weight of the non-respondents to the respondents of the
survey. This adjustment is referred to as the nonresponse adjustment. The nonresponse adjustment should be done by a survey
statistician.

There are numerous ways to do a nonresponse adjustment. Sophisticated adjustments require collecting auxiliary information
available for both the respondents and the non-respondents. In the context of the EPI surveys, the sampling frames and
the household-level information are usually very limited and do not permit for these sophisticated nonresponse adjustment
methods. Furthermore, the generally high response rates in the EPI surveys do not suggest important differences in response
rates between groups.

67



World Health Organization vaccination coverage cluster surveys: reference manual

Hence, for the EPI surveys, do a non-response adjustment by forming adjustment classes within each stratum, and adjusting
the design weight within those classes. If more than one age cohort was surveyed, age cohorts within stratum can be used
as the response classes. It may also make sense to use administrative levels such as districts to form the response classes.
If implicit stratification was used to select the sample, the corresponding variable can be the basis for forming non-response
classes. For example, if residence type (urban/rural) was used as implicit stratification, then separate urban and rural non-
response classes can be used for the weight adjustment. In fact, it may make sense to systematically use residence type to
form the non-response classes regardless of its use in the selection process.

Within each non-response class, calculate the non-response adjustment factor (adjyg) as the ratio of the sum of all the design
weights in the class to the sum of the design weights of the respondents. Obtain the response weight (Weightgesponse) DY
multiplying the design weight of the respondent by the adjustment factor that is Weightresponse = adjygr * Weightpesign-
Note that the non-respondents will be given a weight of 0 and excluded from the final analysis file.

The non-response weight is the final weight used for the analysis of the data when there is no post-stratification step.

To be able to adjust for non-response, the survey team must record the survey result or disposition code at every selected
household. If no one is home, it can be helpful to ask neighbours whether the absent household contains members in the age
range that would make them eligible for the survey. If the survey collects the appropriate data on number of non-respondents
(households not at home and respondents who decline to be interviewed), it will be possible and prudent to make this adjustment.

6.2.3. Post-stratify weights for aggregation

The first or second set of weights will be sufficient for estimating population proportions (like coverage estimates) within each
stratum. But in most cases the analysis plan also calls for pooling the estimates across strata to calculate a national coverage
estimate. In some cases the analysis is intended to estimate population totals: What is the estimated number of children in the
country who are unvaccinated? What is the estimated number of children born in the last year who were not protected at birth
from neonatal tetanus? To aggregate coverage estimates across strata or to estimate totals, it may be helpful to calculate yet
another set of weights: post-stratified weights.

Post-stratified weights are adjusted to make the sum of weights in each stratum proportional to the known eligible population,
if such population totals are known to be accurate. To post-stratify, each weight is multiplied by a stratum-specific factor
proportional to the known population of the stratum, divided by the sum of weights (first or second set) in that stratum. See Annex
Jfor additional detail. If the weights need to be post-stratified to fit population totals for several demographics (population totals
by sex and age group), the process is known as raking the weights. Seek the help of a sampling statistician to rake the weights.

If the EPI program or the government does not have recent and accurate data on the total eligible population in each stratum,
post-stratification will not be possible. In that case, the coverage survey itself may serve as a better source of estimating the
relative population of eligible respondents across strata. Both DHS and MICS choose not to post-stratify the vast majority of their
surveys because they feel that their household listing exercises are thorough and their survey data provides a good estimate of
the relative proportion of respondents across strata. You might choose not to post-stratify the coverage survey data if:

a) government population projections are based on a very old census, and

b) the coverage survey had excellent cluster maps with which to list households, and

c) the coverage survey listing teams did high-quality work, updating the list carefully and in the entire cluster, and
d) the coverage survey recorded the survey result at every selected household.
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As with all matters related to weights, consult a sampling statistician for input regarding the decision to post-stratify. Document
your decisions in a weighting annex of the survey report.

6.3. Conduct standard analyses

A standard survey provides results on coverage for each stratum and each vaccine in the survey. Include the following survey-
weighted analyses in every coverage survey report:

e (Crude coverage (includes all doses, whether valid or not) for each respective vaccine by document (home-based record and/or
register) plus history, by the time of the survey. This is the most liberal (highest) estimate of coverage. Respondents who are
missing card, health centre and recall data are included in the denominator and counted as unvaccinated in the numerator.

e Valid coverage for each respective vaccine and of fully vaccinated children by the time of the survey , and sometimes by age
12 months, classifying children without a document as unvaccinated.® If both the home-based record and health register
data are available but each has a different date of vaccination, it is accepted in this analysis if either of the sources show
that the dose was valid. The numerator for valid coverage includes only those children who received the dose when they were
age-eligible for it according to the country’s vaccination schedule. For later doses in a sequence, the child is only eligible
after the minimum interval has passed since the earlier dose (often 28 days). If the document indicates that one of the earlier
doses in a sequence was invalid but followed later by valid doses, then for the purpose of this calculation invalid doses are
dropped and later valid doses are shifted down, and counted as if they had been the earlier dose.

For example, consider a child who received DTP at 7 weeks, 10 weeks and 14 weeks. The dose administered at 10 weeks of
age is not valid because it was given before four weeks elapsed after the first dose. That dose would be ignored, and the
dose given at 14 weeks would be counted as the second valid dose. In the valid dose analysis, this child is counted as having
had DTP1 and DTP2, but not DTP3.

e The dropout rate (proportion) between the first and third doses of multi-dose vaccines and between BCG or first dose DTPCV
and measles-containing vaccines.

» Dropout is often described with a weighted indicator and may be easily calculated from the table of crude coverage
results. For example, if the weighted crude DTPCV1 coverage estimate is 80% and for DTPCV3 it is 65%, then the weighted
estimate of crude dropout is (80-65)/80 = 18.8%. That is to say:

(weighted % who received early dose) — (weighted % who received later dose)

Dropout % = (weighted % who received early dose)
It is possible to calculate a confidence interval (Cl) for the weighted dropout rate, but the Cl has not traditionally been
reported.

» Dropout is sometimes described with an unweighted indicator, where the denominator is the number of children who
received the early dose and the numerator is the number of those in the denominator who did not receive the later dose.

3 Thatis to say that all children are represented in the denominator and only children who have home-based or facility-based records with vaccination dates can be
represented in the numerator. Thus, this weighted estimate of valid coverage can never be higher than the % of respondents with data from cards or registers. In
some situations, it may be helpful to calculate a second valid dose indicator where the denominator includes only children with home- or facility-based records and the
numerator includes only children with documented evidence of receiving a valid dose. If you report valid dose coverage two ways (with everyone in the denominator
and with only children with documents in the denominator) be very clear in the description. For example, the results might read: “Overall, 67% of respondents had doses
documented with either a card or a facility-based record (95% Cl: 64-69%). The estimated proportion of children who have evidence of receiving a valid dose of DTPCV3 is 55%
(95% Cl: 51-59%). Among children with documented vaccination records, 82% (55%/67%=82%) had evidence of receiving a valid dose of DTPCV/3. The proportion of children in
the population who received a valid DTPCV3 is likely between 55% and 82% because 55% assumes that NONE of the children without records received a valid dose, but some of
them likely did, and 82% assumes that the same proportion of children without records receive a valid dose as those who do have records, and that is likely too optimistic.”
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6.3.1. Report confidence intervals for weighted indicators

Because the results of a survey are based on a sample rather than a census, they have an element of uncertainty due to sampling
variability. If the survey team had selected different clusters or households, the estimated coverage results would differ slightly
from those obtained in the current survey sample. For weighted indicators that estimate population level characteristics, each
point estimate should be accompanied by a 95% Cl so the reader understands the range of values likely to include the true
population coverage value.

There are different valid opinions about the best method for calculating confidence intervals for proportions using survey data.
See Brown, Cai & DasGupta (2001) along with responses to it in the same journal and subsequent literature that cites this
article. In this manual, we recommend the modified Wilson intervals suggested by Korn & Graubard (1998) because they are
appropriately asymmetric when effective sample size is modest, and because simulation studies have shown them to be a good
compromise between being narrow and truly containing the population coverage value 95% of the time. See Dean & Pagano
(2015) for simulation description and results. The sample size calculations in Annex B1 assume that you will use Wilson intervals
with a continuity correction, as suggested in Fleiss et al. (2003). The WHO VCQI tool allows the user to specify one of several
confidence interval options; the Wilson interval with continuity correction is set as the default.

Box 5. How do we interpret a confidence interval?

If coverage for the BCG vaccine is estimated to be 87% with a 95% Cl of 83-90%, we might say informally: /f the survey
is free from important biases then we are 95% confident that the true population coverage value for BCG is somewhere
between 83% and 90%. Or we might say formally that if the survey were repeated without important biases a large
number of times, drawing a different sample of clusters and respondents each time, then 95% of the confidence intervals
associated with the different samples would contain the true population coverage value. We will not repeat the survey
many times, but we have 95% confidence that this Cl calculated from the sample that was collected is one of those that
contains the true coverage value. Hence the interpretation that we are 95% confidence that true coverage falls between
83% and 90%.

Can confidence intervals be asymmetric?

In introductory statistics classes, we are often taught a simple formula that yields symmetric confidence intervals. But
when we estimate proportions, it is appropriate for intervals to be asymmetric (with one side longer than the other) unless:

e the estimated coverage is very close to 50%, or
e the sample size is very large.

At national levels, coverage surveys often have large sample sizes and therefore symmetric intervals. But for province
populations or demographic subgroups, the effective sample sizes are often on the order of several dozens rather than
several hundreds, so the confidence intervals may have one side that is longer than the other.

Which side will be longer?
If the interval is asymmetric, the side of the confidence interval that points toward 50% will be longer than the other.
Why?

Consider a limiting case where estimated coverage is 99%. Many values of true coverage below 99% could yield a lucky
(high) sample proportion of 99%, right? The true coverage could be 10% but you may have drawn a very unlikely sample
(by chance) in which 99% of the children were vaccinated. But only the very few values between 99% and 100% could
yield an unlucky (low) sample of 99%. The asymmetric interval is appropriate when sample sizes are modest and when
estimated coverage approaches 0% or 100%.
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Whenever a population level parameter is estimated with the survey data, confidence intervals should be included in tables. On
the other hand, it is not necessary to calculate confidence intervals when tables for the report are simply summarizing descriptive
statistics about the sample dataset. This distinction is important: If the report says that 24% of the survey respondents were
found to be illiterate, then there is no confidence interval needed because you are describing the sample, not the population.
The analysis is not weighted and each respondent counts as much as the next. This figure is not subject to uncertainty. But
if you use the survey data to estimate the proportion of caretakers of children 12—23 months in the entire population who are
illiterate, it is appropriate for the calculation to be weighted. The calculation must take the complex design into account and
include a confidence interval with the point estimate.

Both the analysis plan and the survey report should be very clear about which results are describing the sample only (often
unweighted and reported without confidence intervals) and which results are being applied to the eligible population of
respondents (should be weighted and include confidence intervals).

Although you have the option to use survey weights for all indicators, at this time we recommend most strongly that weights be
employed for indicators where all respondents are in the denominator, with weighted population level estimates accompanied
by confidence intervals. For indicators where only a fraction of respondents are represented in the denominator, we place less
emphasis on weighted analysis. It is acceptable and traditional in coverage surveys for these to be unweighted indicators.
Also by tradition, the unweighted indicators where denominators are subsets of respondents are usually not accompanied by
confidence intervals in vaccination coverage survey reports. While it is acceptable to calculate confidence intervals, it is not
typically done. At this time, the VCQI tool reports confidence intervals for weighted indicators where all respondents are in the
denominator. It does not weight estimates that use only a subset of respondents in the denominator, nor does it report confidence
intervals for unweighted indicators.

For example, crude coverage is a population level estimate. Every eligible person is represented using their survey weight in
the denominator of the indicator, and the point estimate is accompanied by a confidence interval. But VCQI's dropout indicator
includes only a subset of respondents in the denominator, so it is unweighted and does not include a confidence interval, but
includes the N. In the future, the practice may shift toward using weights and confidence intervals for all indicators. At this
time, we insist that population level coverage estimates be weighted, but allow indicators based on subsets of respondents to
be unweighted. See Tables 4, 5 and 6 for examples.

6.3.2. Summarize coverage estimates graphically

It will often be helpful to use graphics to describe estimated coverage. Bar charts are one popular method of showing estimated
proportions. When the indicator estimates population level coverage, the graphic should include a representation of the confidence
interval. Many software programs can add a 1-dimensional (1-D) representation of confidence intervals to coverage bar charts.

One drawback to the 1-D representation of a confidence interval is that the reader may not be able to appreciate how much
more confidence to have when the population value falls near the point estimate as compared to values near the ends of the
Cl. This manual addresses this challenge using figures called inchworm plots. See Figure 6, Figure 7, Figure 8, Figure 9, and
especially Figure 10 for examples. See the material in Annexes M and N for detailed descriptions and examples.

Figure 6 shows five different ways of depicting a coverage estimate of 90% from a sample with an effective sample size of
105. The lowest row shows only a bar. The second row adds a 1-D representation of the 2-sided 95% CI. The third row omits
the bar because, after all, the most important part of the bar is its end or tip. The fourth row shows a bar with an inchworm at
the end. The width of the inchworm corresponds to the 2-sided Cl and the small tick marks to the left and right of the shape
show the locations of the 1-sided 95% upper and lower confidence bounds. The top row shows the inchworm without the bar.
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Inchworm plots portray point estimates along with two-dimensional representations of the 95% confidence intervals, and tick
marks at the 1-sided 95% lower and upper confidence bounds. The 2-D representation of confidence is formed by putting the
1-D 95% Cl at the base of the shape, and then stacking on top of it a 94% CI, a 93% Cl, a 92% Cl and so on. In a single plot,
each 2-D distribution is drawn using the same total area, so survey estimates with narrow confidence intervals are tall and look
like an inchworm that is bunched up, ready to stretch. Estimates with comparatively wide confidence intervals are less tall, and
look more like an inchworm that is stretched out. See Figure 10 for an example of different shapes.

Whether you show confidence intervals using a 1-D or 2-D representation, and whether you include the bar in the figure or leave

it out, is a matter of personal taste. Figures in a report should be shown using a consistent style that makes coverage results
and their uncertainty clear to the readers.

Figure 6. Five ways of graphically showing estimated coverage and its uncertainty
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Table 4. Crude vaccination coverage by source of information, by age at the time of the survey,

among (N=**) children aged 12-23 months

If no card

Documented  Documented, or register,
from home-  from card OR  according to
based card* register verbal history

Vaccine, dose* )] (b) (c)
% (95%Cl) % (95%Cl) % (95%Cl)

Total (b+c)
% (95%Cl)

Unweighted N

Weighted N

BCG

HBVO

0PVO

DTPCV1

0PV1

PCV1

RV1

DTPCV2

0PV2

PCV2

RV2

DTPCV3

0PV3

[PV

PCV3

RV3

MR 1

YF1

Fully vaccinated®

* Column (a) is a subset of Column (b), but is listed separately to make it easier to compare results with other surveys that do not look for health centre

records

N = total number of individuals in the survey. n = number of individuals who received each vaccine according to each source of information. Note:
the % vaccinated is not simply n/N because we do a weighted analysis to take into account the sample design, and not all individuals in the population had

the same chance of being selected into the survey (see section 6.2).

4 Thelist of vaccines and doses may need to be adjusted to fit the context of the survey.

5 The definition of ‘fully vaccinated’ varies from country to country. Specify this clearly in the analysis plan and survey report.
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Table 5. Crude and valid vaccination coverage

Crude CO‘Ierage — documented evidence or Valid Dose coverage — documented evidence
caretaker recall of vaccination, (includes invalid  0f vaccination at correct ages and with correct

doses and verbal history) intervals (includes Only valid doses)
Vaccine, dose  Estimated % 95% Cl 95% LCB 95% UCB Estimated % 95% Cl 95% LCB 95% UCB
BCG

HBVO
0PVO
DTPCV1
0PV1
PCV1
RV1
DTPCV2
0PV2
PCV2
RV2
DTPCV3
0PV3
[PV
PCV3

RV3 (if in
schedule)

MR 1
YF
Fully vaccinated®

(l: confidence interval: LCB: lower confidence bound; UCB: upper confidence bound

(When N for the weighted valid coverage table is the same as N for the crude coverage table, it need not be repeated here.)

" 6 See earlier footnote on documenting the definition of “fully vaccinated”.
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Table 6. Survey-weighted dropout rates between different vaccine-dose combinations, by source of
information

Valid doses only, documented source of

Dropout between’ Any dose, documented or history information
Coverage difference between earlier and later ~ Coverage difference between earlier and later
doses divided by earlier dose doses divided by earlier dose
Estimated % Estimated %

BCG - MCV1
DTPCVI - DTPCV3
DTPCVI - MCV1
DTPCV3 - MCV1
OPV1 - OPV3
RV1-RV3 *
PCV1 - PCV3

* (or RV2 if 2-dose schedule)

6.3.3. Missing data in coverage estimates

Coverage surveys typically record information from home-based records and caretaker recall, and sometimes include data from
facility-based (health centre) records. There are two ways that coverage data can be missing. One is quite common and the
other is quite rare.

No documented evidence; data from recall only

In some surveys home- and facility-based records are only availabe for a small number of respondents, and the bulk of the
vaccination evidence is based on caretaker recall only. This raises the question of how to represent respondents without
vaccination documentation in date-based indicators like valid dose coverage and others that summarize vaccination timeliness.
There are three options:

1. Include all children in the analysis and conservatively assume that those without documented evidence are unvaccinated.
This assumption is quite extreme and conservative, and provides a lower-bound on coverage estimates.

2. We recommend in most circumstances that the analyst exclude respondents without documents from date-based indicators
and document carefully that you have done so. This makes it impossible to speculate about population level results; you
summarize results only for respondents who presented documents. If the reader assumes that results are representative of
the entire population, the estimate may be too liberal (high) because respondents without documents may be less likely to
have been vaccinated than those who show documents during the survey.

3. Some analysts might be tempted to impute vaccination dates. This can be appropriate in advanced secondary analyses, but
is not usually done in primary reporting of survey results. Imputation uses some assumptions about the distribution of age at
vaccination to make up imputed dates. It is important to document how the dates are imputed. Analyses that employ so-called
multiple imputation are usually more robust and appropriate than those that impute a single set of dates in the dataset.

7 Adjust the list as appropriate for the schedule in the country being surveyed.
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Analysts should not simply assume that respondents without documents are vaccinated at the same ages as children who do
present documented evidence. When estimating valid dose coverage or any other date-based indicator, some analysts may be
tempted to suggest that children with cards are representative of those without cards. Unless the proportion of respondents
with cards is very very high, that speculation is not appropriate for the primary results section of the report.

Traditionally, calculating valid coverage has conservatively considered respondents without documents are unvaccinated.
The team writing the survey report will need to decide whether the audience is likely to understand this approach, in which
some respondents in the denominator are not allowed into the numerator. In many cases, it will be more clear for the reader
if respondents without documentation of vaccination are excluded from the calculation. The reader needs to be reminded that
valid coverage may likely be lower among respondents without documentation of vaccination. Yet the survey data cannot tell
us whether that is true or not.

Furthermore, traditionally, the percentage of children who receive a crude dose by age of 12 months has been calculated
assuming, generously, that children without documents are vaccinated at the same ages as those with documents. In this
manual, we recommend instead that respondents without documents be excluded from this calculation and that the report
clearly states the proportion of respondents who were excluded from the calculation.

Regardless of what you decide, the survey report should be very clear about what proportion of respondents had documented
vaccination history and how the respondents without documents were handled in date-based indicators.

No documented evidence and recall data is "Missing" or "Do Not Know"

Even in very well run surveys, a small number of eligible persons who lack vaccination documents might also be missing recall
data due to an oversight, or might be coded to indicate that the caretaker “does not know (DNK)” whether their child received
the dose. There are four possible approaches to handling missing or DNK recall data in coverage calculations:

1. Some analysts exclude these children from the calculation on a dose-by-dose basis; they are excluded from both the numerator
and denominator of the coverage calculation. They are included if they have a non-missing response, but are not included
if the response is missing or DNK. We do not recommend this approach. This child (and all the other children represented
by this child’s survey weight) should be included in the coverage denominator of every dose using approach #3 or #4 below.

2. Some analysts might be tempted to impute responses to missing coverage data. For most situations we do not recommend
this approach, either. The primary analysis should summarize the evidence collected during the survey. Speculation about
unobserved evidence will involve various assumptions and could follow as a secondary analysis. But the primary analysis
is typically not complicated in this manner.

3. Count any child with missing data or DNK as not vaccinated. This is a conservative approach, and the one we recommend.
In most cases these children will represent a very small proportion of the total and may safely be grouped with those who
were clearly not vaccinated.

4. Sometimes the missing/DNK category is large or conceptually important (maybe to emphasize the poor state of record-keeping
in the country or to emphasize the very honest nature of the caretaker respondents). When this is the case, expand coverage
summary tables to include three outcome categories:

» the % with evidence of vaccination
» the % with evidence that they are not vaccinated
» the % with missing data or DNK responses

(Tables may be expanded even further to itemize the sources of vaccination evidence: % with evidence from card, % with
evidence from health centre, % with evidence from caretaker recall, etc.)

76



@ Tabulation and analysis

6.4. Conduct additional analyses

This section describes additional analyses that can give very useful information to programme managers. Some rely on having a
dataset with vaccination dates, thus, are restricted to children with documented vaccination and may be advisable only where
availability of documented records is high.

Additional analysis options include:

e Missed opportunities analysis

e Vaccination by calendar month

o Assessment of the age at receipt of each dose (that is, validity and timeliness)

e (overage by subgroups

e Comparing coverage between different locations in the same survey

e Comparing coverage over time

e (Concordance across sources

e (o-administration or simultaneous vaccination for vaccines recommended at the same age

6.4.1. Missed opportunities®

In the context of a coverage survey, a missed opportunity for vaccination (MOV) is the failure to administer all vaccines for
which the child was eligible (according to the national vaccination schedule) on the date of a clinic visit. For these analyses,
only children having at least one documented date of vaccination are included. This analysis gives an idea of the prevalence
of MOVs, but it is not possible to know by looking at a vaccination record whether the opportunity was truly missed or whether
a real contraindication was present and the failure to vaccinate was a good decision.

For example, a child who received a first dose of DTPCV at age 6 weeks but did not receive pneumococcal conjugate vaccine
(PCV) on the same date, when the national schedule recommended both at age 6 weeks and no true contraindication existed,
has a MOV for PCV. A child may have multiple MOVs for a given vaccine. To read more about MOV, visit http://www.who.int/
immunization/programmes_systems/policies_strategies/MOV/en/.

Two types of analyses are recommended: (1) visit-based analysis and (2) child-based analysis. As their names suggest, the
visit-based analysis analyses the number of health facility visits of the children where there was 1+ MOV, whereas the child-
based analysis analyses the number of children who experienced 1+ MOVs.

The steps to accomplish an MOV analysis are described briefly here, and in more detail in Annex 0.

Visit-Based Analyses

The visit-based (VB) analysis consists of three calculations: the proportion of visits resulting in MOV for each vaccine (VB1), the
proportion of visits resulting in at least one MOV across all vaccines (VB2), and the rate of MOVs per visit across all vaccines (VB3).

8 Ahigh-quality analysis of missed opportunities depends very much on having a high-quality dataset of vaccination dates. Yet experience has shown that data entry
clerks are more likely to make typographical errors when entering dates than when entering other types of data. It will be prudent to compare the dates on the
photographs of home-based records and EPI registries with the dates in the dataset to evaluate the quality of the dataset. In order to ensure excellent data quality, it may
be necessary to use photos of vaccination cards to confirm every date in the dataset.
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(VB1) Proportion of visits resulting in an MOV for a given vaccine:

Numerator: Number of visits where a child received another vaccine (documented by card or register) and was eligible for the
considered dose, but did not receive the considered dose

Denominator: Number of visits where a child was eligible to receive the considered dose

(VB2) Proportion of visits with at least one MOV (across all vaccines)

Numerator: Number of visits with at least one MOV (for any vaccine)

Denominator: Number of visits where a child was eligible to receive at least one vaccine

(VB3) Rate of MOVs per visit (across all vaccines)

Numerator: Number of MOVs summed across all vaccines (that is, sum of VB1 numerator across all vaccines)
Denominator: Number of visits where a child was eligible to receive at least one vaccine

Note: This calcuation is a rate, and so results greater than one are plausible.

Child-Based Analyses

The child-based (CB) analysis consists of two calculations: the proportion of children who had at least one MOV for a given
vaccine (CB1), and the proportion of children with at least one MOV across all vaccines (CB2). CB1 can be further subdivided
into the proportion of children who never received the particular vaccine (an uncorrected MOV), and those who did receive it by
the time of the survey (a corrected MOV). Similarly, CB2 can be subdivided into the proportion of children where none, all, or
some of the MOVs for the child were corrected by the time of the survey.

(CB1) Proportion of children who had at least one missed opportunity for a given vaccine:

Numerator: Number of children with at least one vaccination date recorded, who were eligible to receive the considered dose
but did not receive the considered dose

Denominator: Number of children with at least one vaccination date recorded, who were eligible to receive the considered dose
Subdividing (CB1):

(CB1a) Proportion of children with uncorrected MOVs

Numerator: Children in (CB1) numerator who had not received the given vaccine by the time of the survey

Denominator: Same denominator as (CB1)
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(CB1b) Praportion of children with corrected MOVs

Numerator: Children in (CB1) numerator who had received the given vaccine at a later visit as documented by the vaccination
card

Denominator: Same denominator as (CB1)
(CB2) Proportion of children who had at least one missed opportunity for any vaccine:

Numerator: Number of children with at least one vaccination date recorded who did not receive a vaccine/dose when they were
eligible for it

Denominator: Number of children with at least one vaccination date recorded who were eligible to receive at least one vaccine/
dose

Subdividing (CB2):

(CBZ2a) Proportion of children with no corrected MOVs

Numerator: Children in (CB2) numerator who had not received any of the missed vaccine(s) by the time of the survey
Denominator: Same denominator as (CB2)

(CB2b) Praportion of children with all corrected MOVs

Numerator: Children in (CB2) numerator who had received all the vaccine(s) at a later visit, as documented by the vaccination
card or register

Denominator: Same denominator as (CB2)
(CBZc) Proportion of children with some corrected MOVs

Numerator: Children in (CB2) numerator who had received some, but not all, of the vaccine(s) at a later visit, as documented
by the vaccination card or register

Denominator: Same denominator as (CB2)

After the visit-based and child-based MOV analyses are conducted, it is possible to calculate the potential coverage that
could have been achieved if there had been no missed opportunities. This is done by re-estimating coverage while counting
the children who had an uncorrected MOV for a given vaccine as if they had received the vaccine. This essentially moves these
children from the “did not receive vaccine” group in the original coverage estimate calculation to the “documented from card”
group. The coverage estimate is then recalculated, as shown in this table shell.
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Table 7. Potential coverage achievable by time of survey among (N=**) children with a documented
source of information (card or clinic register), if all doses had been valid and all opportunities taken

Documented vaccination at correct ages and with % coverage possible if no MOVs (only including

correct intervals (only including valid doses) valid doses)

N N
Vaccine/dose (unweighted) % 95% Cl (unweighted) % 95% Cl

BCG

OPV0
DTPCV1
0PV1
RV1
DTPCV2
0PV2
RV2
DTPCV3
0PV3
[PV
RV3
MCV1
YF

The steps to go through to arrive at this table are described in detail in Annex 0, and illustrated there using data from a recent
DHS. The annex also describes how MOV analyses can address potential opportunities to compensate for doses given too early
or with too short an interval.

Finally, the survey report should emphasize that if the survey dataset includes only dates from vaccination records then it is
likely to underestimate the number of MOVs because some of those same children will have visited the clinics on other occasions
(sick visits or well visits) and experienced an MOV, but the dates for those visits are not recorded on the vaccination card.

6.4.2. Vaccination by calendar month

You can chart the month and year of each vaccine dose administered to children in the survey, to show if there were any time
periods when little or no vaccination activities happened. This will provide useful information for discussion with programme
managers—rfor example, discussing if stockouts or seasonal inaccessibility had occurred, or other reasons for lack of vaccination
during certain periods.

6.4.3. Assessment of the child’s age at receipt of each dose

Bar charts showing the age at which children received each vaccine are helpful to show health workers how closely they are
following the schedule, and how early (or late) children are likely to be fully protected against vaccine-preventable diseases. This
additional information can guide programme performance. It may also be helpful to report mean age at vaccination, median
age at vaccination, and an interquartile range.

You can report results in a table, assessing the mean or median number of extra days or weeks (past recommended vaccination
dates) that children remain under-vaccinated and at risk of disease, and risk factors due to the delay in vaccination. If statistical
expertise is available, the statistician can use a reverse Kaplan-Meier curve (in which the y-axis is the probability of being
vaccinated) to show the increase in coverage by age and the benefit of continuing to vaccinate children over one year of age.
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6.4.4. Coverage by subgroups
Calculating coverage by demographic categories such as sex, maternal education, and urban/rural residence can provide useful
insight into potential risk factors for under-vaccination.

If you are planning to report survey results by subgroups, you will need a large enough sample size to report precise results
within these groups. Alternatively, if detailed data are available from a recent census, you could adjust (post-stratify) survey
weights to yield representative results for these groups, but the results may not be very precise, especially in districts. Formal
statistical tests such as chi-squared tests are needed to determine if differences are statistically significant. The Rao-Scott
chi-squared tests are appropriate for data from weighted complex surveys (Rao & Scott, 1979, 1981, 1984, 1987).

If the sample size is not large enough or if the weights have not been adjusted, it is recommended that you do not report
estimated population-level parameters by subgroup.

Note also that it is not appropriate to simply break the dataset into subgroups to calculate and report coverage separately in
each. Because coverage is a ratio, both the numerator (number of vaccinated children) and the denominator (number of eligible
children) are random variables that are being estimated with the survey data. Subgroup estimates should be calculated with
the appropriate software syntax to incorporate the uncertainty in both the numerator and the denominator. This is sometimes
described as domain analysis.

6.4.5. Comparing coverage between different locations in the same survey

It may be desirable to make a formal statistical assessment of whether coverage in one region is likely to be higher than that
in another region, using data from a single (cross-sectional) survey. This hypothesis test can be performed using statistical
software that takes the complex sample design and survey weights into account, with the report listing the statistical test used
along with the test statistic, resulting p-value and conclusion.

These tests are sometimes conducted informally by examining the 95% confidence intervals for the two regions. If the intervals
do not overlap, the formal statistical test will clearly find a difference that is statistically significant at «=5%. But we cannot
use this so-called eyeball test when the intervals do overlap somewhat — the formal test may or may not conclude that there is
a statistically significant difference. If the intervals overlap, calculate using a statistical test (Payton, Greenstone & Schenker,
2003; Schenker & Gentleman, 2001).

Some results may not be statistically significant but are still worth exploring. For example, zero-dose clusters flag problems
that need to be investigated further later, even if the result does not show statistical significance.

6.4.6. Comparing coverage over time

It may be desirable to test the statistical hypothesis that coverage is improving over time in a certain region. There may be
relevant data from an earlier survey, and the steering group may wish to use a new survey to confidently conclude that coverage
has improved over time. Annex B3 includes instructions for selecting a sample size for the new survey, to ensure adequate power
to detect such a difference if it truly exists.

A comparison like this will be problematic if previous surveys were different from the current one in important ways. If the earlier
survey was not based on a probability sample or was not analysed using survey weights and software that accounts properly
for sampling design and weighted data, the results may not have been representative of the population in question, and so a
comparison would be ill-advised. Also, if the earlier survey used different eligibility criteria, covered a different geographical
region, or accepted different sources of evidence for vaccination than the current survey, then the two measurements may not
be comparable.
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However, if the earlier survey was based on a probability sample, was well conducted and well analysed, and had similar eligibility
criteria and evidence of vaccination, a comparison may be feasible. If the survey-weighted 95% confidence intervals for the old
and new coverage estimates do not overlap, one might conclude that the coverage has indeed changed over time and that the
difference is statistically significant, with the probability that the conclusion is an error below 5%. If the confidence intervals
overlap somewhat, a more formal test will be required.

If the dataset from the previous survey is still available, it may be possible to bring both the old and new datasets together in
the statistical software and conduct the statistical test. If the older dataset is not available, one way forward is to calculate the
effective sample size and coverage estimates from each survey and construct a faux dataset consisting of two simple random
samples, with sizes equal to the effective sample sizes of the survey datasets and coverage equal to the point estimates from
the survey datasets. Then it is possible to use the faux data to conduct a formal test of difference in proportions.

Example of comparing coverage over time

An earlier, well-conducted EPI cluster survey used a probability sample in all stages of the design and reported DTP3 coverage
of 74.3% using a sample size of 263 and a design effect of 2.5. Dividing 263 by 2.5 indicates that the effective sample size of
the earlier survey was 105 respondents. The binomial exact 95% confidence interval for coverage is (64.8% — 82.3%). Later,
a larger well-conducted EPI cluster survey using a probability sample in all stages estimated DTP3 coverage of 81.3% with a
sample size of 725 and a design effect of 2.3. The effective sample size of this later survey is 725/2.3 = 315. The exact binomial
95% confidence interval is (76.5% — 85.4%). Estimated coverage has increased by 6 percentage points, from 74.3 t0 81.3%.

Figure 7 summarizes the evidence and uncertainty regarding DTP3 coverage from these two surveys, showing the survey
point estimates and 95% confidence intervals. Note that although the area under the two curves is the same, the distribution
representing the Cl from the first survey is much wider, due to its slightly lower coverage estimate and much smaller effective
sample size. Note also that both confidence intervals are asymmetrical, with slightly longer tails on the left side (the side
facing 50% coverage); this is appropriate for an estimated binomial proportion. The asymmetry would be more substantial if
the estimated coverage were closer to 100%.

Figure 7. DTP3 coverage estimated at two different times with surveys of different sizes
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We use a formal hypothesis test to address the question of whether the difference is statistically significant with a p-value below
0.05. The null hypothesis for this test is that the underlying population coverage at the earlier and later times is the same. A
2-sided alternative hypothesis would be that the population coverage has changed. The 2-sided test is more conservative; a
1-sided alternative might state that coverage has increased over time. A 1-sided alternative should be stated in the analysis plan
before the second set of data are collected, and is only advisable if there is strong reason to believe, because of improvements
to the vaccination programme, that coverage has increased. In this case, both a 2-sided and a 1-sided hypothesis test yields
p-values higher than 0.05 (2-sided p = 0.127; 1-sided p=0.083; Fisher’s Exact Test).

This means that if these surveys were repeated over and over again in populations with the same underlying coverage for DTP3,
we would expect 12.7% of those pairs of surveys to yield sample proportions at least as far apart as the two in these surveys by
chance alone. Formally speaking, we fail to reject the null hypothesis. The difference is suggestive of a change, but does not
yield extremely strong evidence that the underlying coverage improved in the period between the two surveys. Obtaining
a p-value smaller than 0.05 for small changes in coverage requires extremely large surveys.

6.4.7. Reporting results for comparisons

For comparisons conducted with hypothesis tests, the power of the survey to detect statistically significant differences of varying
magnitude between different populations or times depends on the sample size and design. It is usually represented by tests
of statistical significance.

When you report an estimated difference in coverage between places or times, or between coverage and a threshold, include
the magnitude of the difference and its 95% confidence interval. Report the results of formal comparisons between coverage
figures with a clear description of the statistical test that was done, the value of the test statistic, and the p-value of the test.
The results should also include the size of the sample and an indication that the software took into account the complex sample
design, which will often include stratification. For accurate interpretation, it will also be helpful to report the confidence intervals
and sample sizes for the two quantities being compared.

It is not enough to report only that a difference is statistically significant. The magnitude of the difference is what matters
for public health action. A difference of only 1 percentage point between sexes, for example, may be statistically significant if
there is a large enough sample, but it may have minimal public health importance. A difference of 10 percentage points (for
example, 70% in girls and 80% in boys) is much more likely to make policymakers take action to address gender inequity. So
it is always important to report the estimated difference, along with its 95% confidence interval.

In other words, while the p-value informs us that the results have statistical significance, the magnitude of the difference
matters for public health practice. Similarly, even when results are not statistically significant, they may be important to the
programme and interesting to examine.

When hypothesis tests are one of the design goals of the survey, describe the parameters used to select the sample size. What
magnitude of coverage difference was the survey powered to detect? What were the anticipated and observed values of the
ICC or the design effect, and the anticipated statistical power? It will be helpful to compare the design parameters with those
achieved in the dataset to help interpret hypothesis test results.

Each hypothesis test will have a certain number of so-called degrees of freedom that will be reported by the statistical software.
Usually the degrees of freedom are equal to the number of clusters involved in the test minus the number of strata involved
in the test. One suggestion for survey data analysis is to only report results from subgroup comparisons that have 12 or more
degrees of freedom®. This guidance is intended to protect survey analysts against drawing inferential conclusions from datasets
that are too small. We endorse this guidance and suggest that you examine the degrees of freedom for the comparisons in the
analysis plan, and refrain from reporting those with fewer than 12.

9 http://www.cdc.gov/nchs/tutorials/NHANES/SurveyDesign/VarianceEstimation/intro.htm
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6.4.8. Assessment of quality of primary data recording
Surveys might be an opportunity to explore further specific operational aspects, although such additional analysis may increase
the survey’s costs, duration, and complexity.

Many countries are conducting regular data quality assessments that compare information in registers with the information
provided in reports to higher levels of the health system. Coverage surveys can provide an opportunity to assess the quality of
primary data recording in registers and on vaccination cards. For example, if health facility register data is sought and entered
for all available respondents, and not only the ones who did not have home-based records, it may be interesting to compare
the card record with the register record on whether the child was vaccinated and when.

[t may be also be useful to compare the concordance of facility records with caretaker recall. There can be several valid reasons
why a caretaker might report that the child received a dose that is not in the register. The dose may have been received elsewhere
or during a campaign. But it is interesting to note what proportion of caretaker reports agree with the documented doses. This
information can give future survey designers information about how and whether to use caretaker recall of vaccination history
as data.

6.5. Classifying coverage

6.5.1. Overview
This section describes the process of classifying coverage at the lowest level of strata.

To classify coverage, we calculate a point estimate, a 95% confidence interval, and two 95% 1-sided confidence bounds: upper
and lower confidence bounds (UCB and LCB, respectively). These figures are reported in tables and plotted on a graph. We can
then make the very simple observation that because coverage is likely to fall on one side of the 1-sided bounds, then conversely
it is not likely to fall on the other side of the bound.

In Figure 8, the shaded distribution for Province 7 shows the 95% confidence interval for estimated coverage. The point estimate,
at the highest point of the distribution, is at 78.0%. The 95% lower confidence bound is indicated with a small tick mark
above the distribution at 71.0%. We might say, “We are 95% confident that the true population coverage lies above 71%.” If
an important programmatic goal for this antigen in this province was 71% or lower, we could confidently classify coverage as
falling above the goal. Using the language of hypothesis testing, a 1-sided test would reject the null hypothesis that coverage
is < 71%. We might thus classify (label) Province 7 as one that passes, or has coverage that is adequate.
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Figure 8. Point estimate, 95% confidence interval and 95% lower confidence bound for coverage in
hypothetical province #7
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In Figure 9 the shaded 95% confidence interval is the same as in Figure 8, but now we indicate the upper 95% confidence bound
with a tick mark at 83.7%. Note that the programmatic goal of 90% coverage is indicated with a blue vertical line. Although
the confidence interval for Province 7 is quite wide (69.5% to 84.7%), we can confidently classify the coverage as being 95%
likely to fall below 83.7%. So this province clearly fails to meet the goal of 90% coverage. When the programmatic goal lies
above the 95% upper confidence bound, then we can confidently classify coverage as falling below the goal. Here, coverage
fails, or is inadequate.

Figure 9. Point estimate, 95% confidence interval and 95% upper confidence bound for coverage in
hypothetical province #7
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In the intermediate situation, where the programmatic goal falls between the upper and lower confidence bounds, we cannot
classify coverage as above or below the threshold with 95% confidence. We would have needed to conduct a larger survey to do
that. But looking at the graphic confidence intervals for all strata, especially if they are sorted in order of estimated coverage,
will show where each stratum falls in the pattern and should provide actionable insight, especially regarding the strata with
the lowest and highest levels of coverage.

It is not strictly necessary to portray what you learn from the survey graphically, but it is strongly recommended. You can present
point estimates, confidence intervals, and upper and lower confidence bounds in a table only, but the results may not be clear
to stakeholders who do not have a clear understanding of confidence intervals and limits. Portraying the two-dimensional
distributions of estimated coverage, and showing them for all the strata in the survey at once, may be a powerful way to
communicate what you have learned about coverage from the survey. It is also a powerful way of communicating what you have
NOT learned, such as when true coverage is very near a programmatic threshold and the sample size is small. In this case, you
cannot use the survey to confidently conclude whether that stratum is above or below the threshold of interest.

To sum up:

1. Classification and estimation use the same underlying processes: calculate a point estimate and a confidence interval, and
portray them. When classifying, also portray the 1-sided confidence bounds and use those bounds (rather than the ends of
the 2-sided confidence interval) to make strong statements about whether coverage is above or below an important threshold.

2. This can be done using only tables, but adding graphics may help some audiences understand what you have learned more
easily than tables alone.

3. Rather than sort the strata in alphabetic or administrative order, it is helpful to sort them in order of estimated coverage,
or in order of the upper or lower confidence bounds. See Figure 10 below.

4. This approach to classification may be used with either small or large sample sizes. As the sample size gets larger, the
upper and lower confidence bounds will fall nearer and nearer to the coverage point estimate. Conversely, if the sample
sizes are small, the confidence bounds will fall farther from the point estimate. However, the principle of using the bound to
confidently characterize whether coverage is above or below a threshold of interest is the same, regardless of sample size.

5. Itis permissible to both estimate and classify coverage using a single survey. When describing estimation results, we usually
focus on saying that the coverage is likely to fall within a 2-sided confidence interval. When classifying, we focus on saying
that coverage is likely to fall on one side of a confidence hound. We recommend using at least 15 clusters per stratum for
classification and at least 30 clusters per stratum for precise estimation.

6.5.2. Examples of classification

To classify coverage, calculate and plot the point estimate, the 95% Cl, and the upper and lower 95% confidence bounds™.
Recall that the 1-sided confidence bound is different than the endpoint of a 95% confidence interval. The 95% lower confidence
bound can be calculated using the lower end of a 90% confidence interval. The 95% upper confidence bound can be calculated
using the upper end of a 90% confidence interval. These bounds will fall inside the 95% confidence interval.

Figure 10 shows estimated measles SIA coverage for 24 fictional districts, based on samples of 15 clusters and 10 respondents
per cluster in each district. For each district, the 95% confidence interval is indicated in light gray and the 95% upper and lower
confidence bounds are indicated with small black tick marks. Three intervals are listed at the right side of each distribution.
The first is the classic 2-sided 95% confidence interval. The second is the interval that extends from 0% coverage up to the
95% upper confidence bound. The third is the interval that extends from the 95% lower confidence bound up to coverage of
100%. All three intervals are equally valid for drawing conclusions with 95% confidence. The regions are plotted in increasing

10 Recall that we say informally that we are 95% confident that the true coverage falls within the 95% CI. We also say that we are 95% confident that true coverage falls
somewhere above the 95% lower confidence bound, and we are 95% confident that the true coverage falls somewhere below the 95% upper confidence bound.
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order of coverage point estimate, from bottom to top. The red vertical line marks the spot where coverage is 95%, an important
programmatic threshold for measles. The district data are aggregated to estimate province coverage (shaded with a light gray
bar) very precisely.

Although all the districts had samples of the same size, the width of the confidence intervals varies substantially, reflecting
district-level differences in sample coverage and in the underlying ICC. Many of the intervals are too wide for precise estimation,
but the data in the figure can be used to classify coverage into two or more categories.

Any consistent categorization is permissible as long as it is useful and described clearly. The programmatic threshold of 95%
coverage is important for measles campaigns. Several logical coverage categorizations are described in Annex N.

Figure 10. Measles SIA coverage and confidence interval and bounds for 24 fictional districts and the
province that they comprise; districts are sorted by estimated coverage
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Note: The distributions are plotted with equal areas, corresponding to 95% confidence for each district, so those with narrow confidence intervals appear
taller and those with wider intervals have very little height. Tick marks near the left edge of each distribution indicate the 95% one-sided lower confidence
bound; those near the right edge indicate the 95% one-sided upper confidence bound. The red vertical line indicates a programmatic threshold of 95%
coverage. Districts coloured green are 95% likely to have coverage > 95%. Those coloured red are 95% likely to have coverage < 95%. Those coloured yellow
cannot be classified as above or below 95% with this sample of 150 respondents.
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This chapter describes how to draft the survey report and present the implications of the results for immunization programmes.
The survey steering committee or coordinator prepares a primary report of the vaccination coverage survey to communicate their
findings and make recommendations to the commissioning authority. This report must be submitted to the ministry of health
for their review and approval. After receiving approval, the coordinator can revise the report and work with the national EPI
manager to prepare simpler and shorter reports, describing survey results and recommendations for health service workers in
the areas covered by the survey. It is recommended also to share the findings with other stakeholders such as an immunization
interagency coordinating committee.

The primary report should be attractively prepared and presented to encourage readership. The key points to include in the
report are shown in Box 6.

Box 6. Essential components of a report

Title. Give a title that clearly describes the location, year and purpose of the survey.
Acknowledgements. Acknowledge the source of the funding and others who made the survey possible.

Executive summary. Summarize the methods, key results, and implications for action. An executive summary is extremely
important, and should contain enough information about survey methods and any limitations so that results can be
interpreted correctly. Often, the summary is the only part of the report that is read by senior officials, survey funders, and
vaccination programme partners.

Background. Give brief information about the country and its demographics, the health services organization, the
vaccination programme, the vaccination schedule and date of introduction of new vaccines or any recent changes, and
vaccination coverage trends over time. Explain why the survey was done and what its objectives are.

Survey methods. Include details of the sampling frame used, as well as any regions excluded from the survey due to
security problems or other access problems. Describe the inferential goal and design parameters used to calculate sample
size. Describe how the survey was implemented and the quality control methods used. Also describe the data collection,
processing and analysis methods. Describe how the survey weights were calculated.

Results. This section includes tables and charts accompanied by explanatory text.

Discussion. Discuss the main survey findings and their implications for action, as well as the survey limitations and how
these may affect interpretation of the results. Be sure to discuss sources of uncertainty in the results of this survey and,
if relevant, the uncertainty of other data with which the findings are being compared.

Recommendations. Make recommendations that focus on next steps for the ministry of health, and recommendations
for programmatic action. If necessary, the report can also recommend further investigations, such as further study of
factors that have affected coverage or differences in coverage between subgroups.

Appendices. Include copies of data collection forms, informed consent, descriptions of the sample and weighting frame, a
cluster list and a list of personnel involved. Summarize the observed design effect and intracluster correlation coefficient
as an aid for those who will plan the next survey.

1.1. Draft the background section

Give a brief overview of the country, its demographics and its health services organization, as well as an overview of the target
population of the survey. Also give an overview of the vaccination programme, including the vaccination schedule(s) and trends
in vaccination over time. Finally, explain why the survey was undertaken and the survey objectives.
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1.2. Draft the survey methods and limitations

Explain the survey design and the reasons for choosing the design. Highlight the aspects of the survey design that make it different
from previous surveys, if applicable. For example, previous surveys may have used a two-stage rather than a single-stage cluster
design, may not have used weighted analysis or may not have included record extraction from health facility registers.

Include details about the sampling frame used and how the sample was selected. Note any areas excluded from the survey due to
security problems or other reasons. Explain how data was collected in the field from households and health facilities. Also explain
the data-checking protocols used to ensure the quality of the data. Briefly explain how data were transmitted and processed, and
the protocol for maintaining data integrity in these steps.

Every survey has limitations. Results are more useful when you understand and communicate these limitations to those who will
use the data to make decisions about programmes. Discuss common potential sources of error and to what extent these errors
were minimized in the survey:

e Sampling frame. Were any populations excluded from the sampling frame? How recent was it and what, if anything, was
done to improve it? What implications were there for the calculation of sample weights? What are the implications of any
deficiencies in the sampling frame for the observed coverage? For example, were excluded populations likely to have lower
coverage, and how big were such populations?

e Sampling procedures. Report how the survey plan was carried out in the field and any deviations from the survey protocol.
These may include the failure to revisit households, failure to record non-responses or what type of non-response occurred
(for example, no one at home or refusal), problems with identifying cluster boundaries, or changes in security that prevented
the team from reaching some selected clusters. Discuss any likely effect of such deviations on the survey findings.

o Selection hias. What proportion of households had a respondent present, and how did this compare with expected levels?
What were the participation rates and how might this they have affected results?

e |nformation bias. For what proportion of children was a home-based record available, and how did this vary between strata?
If some areas had very few records, what does this imply about the logistics of card distribution or caretakers’ motivation to
keep the records? Is there any suggestion that interviewers did not give enough time to caretakers to retrieve the records?
0Of the cards seen, how many were illegible or had errors (for example, no vaccination dates, or dates out of range such as
DTPCV1 before the birthdate)? Did this vary by area? How many children without records could be traced at a health facility
to obtain documentation? What was the overall reliance on each caretaker’s verbal history, and how does this compare to
previous surveys? What were the results of quality control (use of pictorial prompts, supervision, repeat interviews) to assess
the reliability of a verbal history? The proportion of data contributed by a verbal history alone will affect the confidence in
the estimates, and will need to be considered when comparing different survey results.

e Data transcription and data entry errors. Describe any errors that may have happened in this process, and the proportion
of errors detected that were resolved (for example, by referring to a photograph of the record or by revisiting the household).
How many values out of range could not be resolved, and how were these handled?

e Missing data. What statistical adjustment was made to account for missing data, if any?

1.3. Draft the results section

Review the survey results in detail to determine which ones best answer the questions the survey was designed to answer. Choose
which descriptive statistics are most relevant to the objectives of the survey and of most interest to whomever commissioned
the survey. You will likely need to include all of the standard analyses (see section 6.3), but you should also consider which of
the additional analyses, if any, are appropriate to include (see section 6.4).
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Because survey results are based on a sample instead of a full census, they have some inherent uncertainty: if the survey
were repeated using the same protocol and sample size, but a different set of households were visited, the results from those
sampled households would vary somewhat from the ones sampled in this survey. This element of uncertainty, called sampling
variability or sampling error, affects all survey results and is taken into account in different ways according to the type of result.

Select how you want to present the results, using the format that will make it easiest for the audience to understand the
data. Diagrams and graphs are often most useful for communicating survey results. It is difficult to discern trends and draw
conclusions from tables, but tables allow more detail to be presented. Tables should, therefore, be complemented by data
visualizations. Decide which visualizations are most effective in drawing attention to the most important or relevant aspect
of the data. Also consider visualizations that use color, lines and shapes to accurately portray the data. Choose visualizations
that eliminate as much graphical clutter as possible.

In this manual we recommend the inchworm plot representation described in Chapter 6 for graphical display of coverage
results. We recognize that bar charts are often used to portray coverage and are simpler to make than inchworm plots. If you
portray coverage with a bar chart, be sure to include a representation of the 95% confidence interval on the chart to convey the
magnitude of uncertainty due to sampling variability.

71.3.1. Describing results for estimates of coverage

For descriptive results such as estimates of coverage, the precision reflects sampling variability and is usually represented by
the 95% confidence interval. The estimated proportion of eligible persons in the population who received each vaccine is called
the point estimate of vaccination coverage. These estimates are often the main outcome of interest, and significant attention
should be given to them.

7.3.2. Describing results for classifying coverage

To classify coverage, calculate the upper and lower 95% confidence bounds and compare those bounds to a pre-specified
coverage threshold. It is always best to state classification rules clearly and report the upper and lower 95% confidence bounds
to help readers gauge the strength of classification conclusions. Classify coverage as follows:

e When the lower 95% lower confidence bound falls above the threshold, confidently classify coverage as high; true coverage
is very likely to be above the threshold.

e When the upper 95% confidence bound falls below the threshold, confidently classify coverage as low; true coverage is very
likely to be below the threshold.

e When the threshold falls between the two bounds, conclude that the sample was not large enough at this level to classify
with 95% confidence whether true coverage is above or below the threshold.

See Annex N for classification examples.

Some reports summarize classification results by simply listing which strata were classified as being high or low, but we
discourage this practice. Reporting only the qualitative result may be helpful for simplicity, but it comes at the cost of omitting
important information that may be useful to some readers of the report. Consider listing the confidence bounds for every
classification result, so that readers of the report can compare coverage to other thresholds that may be of secondary interest.
It is helpful to report and plot the 95% confidence interval along with the upper and lower confidence bounds for each coverage
result, as shown in section 6.5.
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71.3.3. Reporting aggregated results

If the sample was stratified and data were collected in all districts, the results may be combined or aggregated up to the next
highest level (province), and the process of either estimation or classification may be repeated. If each province contains at
least several strata, then the 95% confidence interval may be quite narrow and the results might be summarized using the
interval. Whether they are narrow or not, it is also possible to use the upper and lower confidence bounds to classify coverage
in the regions as likely to be above or below important programmatic thresholds.

If data were collected in all districts or all provinces, the results may be aggregated to estimate coverage nationally. It will
usually be the case that the national confidence interval is quite narrow. It is also valid to calculate upper and lower confidence
bounds to classify national coverage with respect to important thresholds.

1.4. Draft the discussion section

The discussion section of the report is a guide to interpreting the results. Discuss the main survey findings and their implications
for action, as well as the survey limitations and how they may affect interpretation of results.

The report should describe clearly what rules and methods are used for classification, along with the qualitative descriptive
labels that may be applied. In the methods section, it might specify that if the lower 95% confidence bound fell above 80%,
the district was classified as having high coverage and was otherwise classified as having low coverage. Translate this into a
sentence your audience can understand. In this case, “high” might be interpreted to mean that we are 95% confident that the
population coverage is above 80% and “low” means that we cannot be that confident. This manual recommends listing the
95% confidence bounds along with the classification labels, to avoid ambiguity associated with qualitative labels for coverage
categories.

1.5. Develop implications and recommendations

Though your readers and stakeholders may be able to draw some of their own conclusions from the data, they rely on you to
explain the data and what it means for the programme. The objectives of the EPI are to provide protection against vaccine-
preventable diseases as completely and as early as possible. The data collected during the survey provide detailed operational
information on the EPI performance, and therefore on the possible causes of obstacles to reaching their objectives. Below are
some of the most common programmatic implications of the data.

71.5.1. Coverage of each vaccine and of fully vaccinated children

This is the indicator most commonly used at national level, and sometimes international level, to measure overall performance.
People will want to know the coverage of each vaccine and the percentage of fully vaccinated children (and 95% Cl), and how
they compare to results from administrative data and from other surveys. How has coverage progressed over time and what
are some likely reasons why?

An important factor in interpreting these results is the proportion of children who had documented evidence of vaccination
and how this proportion compares to other surveys. The proportion of data contributed by a verbal history alone will affect the
confidence in the estimates, and will need to be considered when comparing different survey results.

The study of the pattern of dropout between doses of vaccine, in which many children are given a vaccine early in the series but
not given the later doses, will provide clues about where programme problems may lie and should be addressed.
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/1.5.2. Reaching a birth cohort

Sometimes the results indicate that there was difficulty in reaching a certain birth cohort.

DPTCV1/BCG crude coverage by record, history, and register is an indicator of access to vaccination services (the percentage
reached at least once as well as the percentage of children who have never received these vaccines). Access should be quite
high in most settings nowadays. It is worth looking carefully at the clusters where none of the children in the survey received
DPTCV1/BCG. Which health facilities serve those clusters, and how is it possible that so many children in the sample were
not vaccinated?

Dropouts between the first vaccine and the last vaccine to be provided (for DTPCV1 and MCV1) may be an indicator of the
EPI's capacity of the EPI to follow-up with each birth cohort (and of utilization). What was the dropout between first and final
doses of multi-dose vaccines? What were the likely reasons? Have dropout rates fallen since the last survey? If dropout rates
are still high (for example, above 10 %), what strategies are needed to ensure that all children who start the vaccination
series complete it? The data can provide clues about where programme problems may lie. Infant death rates and migrations
influence the dropout rate, but so does the dissatisfaction of the families with the programme (irregular vaccination sessions,
lack of information, fever or abscess following vaccination, etc.).

7.5.3. Quality of recording and reporting vaccinations
Sometimes the data suggest that the issue is not necessarily with administration of the vaccine, but with reporting when
vaccines were administered and to whom. Questions to consider:

Is there an important difference between survey coverage results and administrative reports, and does this vary by stratum?
The data may help indicate potential problems with the numerators, denominators or both used in administrative estimates.

What proportion of individuals in the survey had a home-based record available, and has this improved since previous
surveys? What proportion said that they had received one but did not have it available at the time of the survey? What are
the likely reasons for lack of cards (such as stockouts, failure to emphasize their importance, caretakers not keeping them
after the vaccination series has been completed)?

How well were vaccination records completed? What proportion of records had dates that were outside the valid range (for
example, date of birth after date of DTPCV1)? What proportion had illegible or missing dates (for example, tick marks instead
of dates)?

What proportion of children’s vaccination records was located in health facility records? For those not located, what were
the likely reasons (for example, migrants, poor storage of health facility records, stockouts)?

What was the quality of health facility records? How many illegible entries or out-of-range entries were found?

Depending on survey design, health facility records may have been sought for all children, or only for children who did not
have a home-based record. If sought for all children, how did data from health facility records compare with those from
home-based records, and what are some likely reasons for discrepancies?

Are dropout rates in the survey similar to those reported from administrative data? If routine reports show much lower
dropout rates than survey results, investigate how well health workers are recording each dose of vaccine. Sometimes they
may intentionally record the first or second dose of DTPCV1 incorrectly as the third dose, because they know that the third
dose is monitored more closely.

7.5.4. Invalid doses and timely encounters
Many problems with low vaccination rates can be corrected by better adherence to the vaccination schedules and standards.
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e The gap between the crude and the valid data figures from records is often due to doses given too early, making them invalid.
National programmes must implement the WHO recommendations for minimum ages at each dose and intervals between
doses. The reasons for early doses may include inadequate screening for age by the EPI staff (for example, no card or no date
of birth on the card) or ignorance of the strict vaccination schedule. The gap between the crude and the valid data shows
what the performance might have been if the staff had followed the recommendations more closely.

e The analysis of missed opportunities for vaccination during vaccination sessions documents the scenario of each encounter
between a child and the EPI team. It looks at the date of each dose received and whether the child was eligible to receive
any other doses on that date (for example, whether the child was eligible for BCG at the time he received DTPCV). If the child
does not receive all the vaccines he was eligible for, it is @ missed opportunity. If the missed dose was given later, it is a
corrected missed opportunity; otherwise it is an uncorrected missed opportunity. The analysis provides information on the
screening capacity of the EPl team and on vaccine stock management, but should also provide an opportunity to probe staff
about possible false contraindications for vaccination such as misunderstanding about the sometimes perceived dangers
of multiple injections on the same day, or misperceptions about vaccinating sick children.

e |f a substantial number of visits result in missed opportunities, or a substantial number of children experience uncorrected
missed opportunities, there may be opportunities to improve coverage substantially by retraining on true contraindications,
and emphasizing the need to identify and administer all doses for which the child is eligible, even if late.

e Vaccinations may be provided as early as possible to protect the child before exposure to the infection. The percentage of
children fully immunized by 12 months is one indicator of the timeliness of vaccination. Comparing ages at vaccination
with the recommended schedule (using, for example, histograms) provides more detailed information on timeliness. Delayed
vaccination can be caused by ignorance of the vaccination calendar, missed opportunities, ignorance of the need for the child
to receive all recommended doses of a vaccine, EPI not informing the mother when to return, irregular vaccination sessions,
breakdown in the vaccine supply, or temporary migration for cultivation or cattle rearing.

Although it is best to give vaccines as early as the schedule allows, it is better to complete the schedule, even at a later age,
than to leave the child unvaccinated or under-vaccinated. For example, MCV1 should be given at age 9 months in countries
where measles is still endemic, but if a child is seen at a health facility after 12 months of age and has not yet received MCV,
it is important to administer the vaccine at that opportunity. Thus, when presenting these data, take care not to suggest
that it is wrong to administer vaccines at older ages, but rather emphasize that it is best to administer them close to the
scheduled age.

e |nterruptions in delivery for a given vaccine can be documented by the distribution of doses by calendar month. It should
be more or less evenly distributed. Variations might be explained by: seasonal distribution of births, supply breakdown,
inaccessibility due to weather (for example, monsoon), or absences of health workers due to illness, training workshops,
or other interventions such as SIAs. It is also useful to compare the patterns between vaccines that are scheduled to be
administered at the same time (for example, DTPCV and polio; DTPCV and PCV). If differences are observed, they might very
well be due to stockouts and supply problems.

/.5.5. Evaluating supplementary immunization activities

Supplementary immunization activities (SIAs), also called vaccination campaigns, are used regularly to improve immunity to
vaccine-preventable diseases. This is currently the case with polio, or measles, or measles-rubella campaigns. Managers are
encouraged to learn the campaign results and use survey results to inform decisions on when to go through and vaccinate those
who were not vaccinated during the SIA, and over what geographical area. A post-campaign survey may include questions on
whether children had received a dose of the relevant vaccine(s) in the routine programme, so it can highlight areas where the
routine programme is weak. Those areas can be targeted for extra action after the survey.

If clusters are identified with alarmingly few children vaccinated in the survey sample (for example, zero or one), officials should
be notified that there may have been an important campaign failure in that area, and follow-up investigation is warranted.
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1.6. Revise the report and obtain clearance on final draft

A draft report should be prepared as soon as possible after the survey ends, and presented to national authorities (and, if
possible, to health authorities in each stratum of the survey). Often, when presenting results, additional issues will be raised
that will lead to fuller discussion of the results and their implications. The report should be updated accordingly, and the final
report submitted to all relevant institutions. It will be necessary to obtain clearance on the final report from the ministry of
health before distributing it widely.

1.7. Share the results

Although the coverage survey results might initially seem to be a technical subject only, in practice they can become political
and sensitive, and should be approached as such. The survey organizers should be aware that survey results should sometimes
be perceived as an assessment of the performance of the specific programmes implementing the SIA, and indirectly of the
institutions (EPI, ministry of health), and potentially of the government and the political parties in power.

The survey is not simply an academic exercise or a formal requirement for international donor and technical agencies. Rather,
it produces data that could be used to improve the EPI at each level. Therefore, it is essential that each level of stakeholders
understands the implications of the results, and how they can facilitate corrective actions. Because of this, it is important to
think through how you will share the results. Below are some steps to consider taking as you plan to share the survey results.

/.71.1. Choose the key messages
There are usually a few main themes that emerge from the data. Create messages based on these themes. Consider the survey
goals and the political context as you create messages.

Phrase the conclusions and the recommendations of the report in objective, moderate terms, stating the facts and their meaning.
The general tone should be not to blame but to emphasize progress, while documenting the possible reasons for slow progress
and opportunities for improvement. The recommendations should stem practically from an interpretation of the results that
would have been expressed in operational terms. For example, a DTPCV first dose coverage of 87% will be interpreted as 13%
of children not being reached, and the recommendation will be to document the profile of these children in order to reach them
in the future.

Ideally, the following will be true when it is time to share the results:

e The organization of the survey (including the selection of a contractor) has been requested and approved by the Ministry of
Health at the beginning of the process.

¢ The reliability of the data collection and of the data processing have been checked and documented thoroughly.

e The interpretation of the data has been peer reviewed at least by the following: the steering group, the survey coordinator,
the statistician, the EPI director, and senior members of the ministry of health.

If any of these has not been done, you will need additional talking points to address what happened and why.
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/.7.2. Select audiences

Consider who needs to learn about the survey results and how best to communicate them. Priority should be given to the
policymakers, but also to the local EPI managers who will take corrective action. The goal of the survey is to provide actionable
information to the EPI managers at different levels to take corrective action. It is essential that the presentation of the results
and their implications go beyond a national presentation to multiple administrative levels (provinces, districts, etc.). The level
that can make the most impactful changes based on survey results is probably the lowest statistically valid stand-alone level,
the strata at the lowest level of administrative hierarchy.

It is also important to give feedback to all relevant partners (which could be done in a meeting of the interagency coordinating
committee), including health facility workers, other providers in the area and senior health officials. Feedback should be ideally
provided soon, ideally within one month, and is most effective if provided through meetings or newsletters. Feedback helps
make health facility staff feel that they are an important part of the vaccination services, thereby increasing their motivation.
Communities covered by the survey should also receive feedback, presented in ways appropriate to a lay audience.

The survey budget should include the costs of workshops designed for the EPI manager or deputies and the local EPI staff.
During these sessions, attendees will discuss the probable causes of any weaknesses or incomplete performance, and identify
corrective actions along with their costs and timetables.

If there are topics for which the team does not have enough information, the EPI should do focused operational research. For
example, they could look into health facility studies of missed opportunities and their causes, or conduct focus groups to assess
community attitudes and knowledge. In any case, once completed, a survey is likely to translate in to strategies for improvements,
and such strategies cost money. At the time of evaluating the survey and its financial feasibility, also investigate the availability
of funds to implement its recommendations.

/.71.3. Create communication pieces and presentations

Prepare other forms of communication in addition to the survey report. The purpose of the survey, ultimately, is to improve
vaccination practices and vaccination rates, so it is essential to communicate with district health offices so they can learn
from the survey results and improve practices.

Use slide presentations for feedback workshops, and create a brief summary of the national survey results, as well as province-
or district-specific results and recommendations, for all districts. You can also print four or five of the key charts and tables
(for example, coverage by the time of the survey, by stratum, histogram of age at DTPCV1 and MCV1, and tables summarizing
crude and valid coverage and missed opportunities), with bullet points showing their implications for action. These can be used
for widespread distribution to health workers.

The high officials attending the presentation meeting should be provided the report or an executive summary in advance, to give
them an opportunity to voice any questions and receive satisfactory answers before the beginning of the meeting.

/.7.4. Contribute micro-data, documentation, and code to a Coverage Survey Repository
Survey data (stripped of names) and documentation of survey methods will be of greatest use if they are made freely available via
the Internet, as is done for DHS and MICS. WHO is setting up a coverage survey repository that can be used to share vaccination
coverage survey data. Details of survey methods (including the programs used to analyse the data) should accompany the
micro-data of the survey. See the American Association for Public Opinion Research Transparency Initiative! for more information
on this issue.

1 http://www.aapor.org/Standards-Ethics/Transparency-Initiative/FAQs.aspx
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ANNEXES

Annex A: Glossary of terms

1-sided test

2-sided test

Alpha (o)

Beta (B)

Bias
Classification (of coverage)

Cluster
Cluster survey

Confidence hounds
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A statistical test when the difference tested is directionally specified beforehand; for example, testing
whether vaccination coverage is higher in one area than in another. For vaccination coverage, in the
language of statistical hypothesis tests, the null hypothesis (HO) for a 1-sided test is that coverage is
on one side of a threshold and the alternative hypothesis is that coverage is on the other side of that
threshold. For example, HO: coverage for DTPCV3 < 80% and the alternative hypothesis (HA): coverage
>80%. Likewise, the null hypothesis could be that coverage in stratum A is equal to that in stratum B,
and the alternative hypothesis could be that coverage in A is greater than coverage in B.

A statistical test when the difference tested is not directionally specified beforehand; for example,
testing whether vaccination coverage equals a specific value. In the language of hypothesis testing,
the null hypothesis for a 2-sided test is that coverage is equal to a specific value, and the alternative
hypothesis is that it is not equal to (either below or above) that value. Likewise, the null hypothesis
could be that coverage in stratum A is equal to that in stratum B, and the alternative would be that
coverage is not equal, but the alternative would not specify which of the two is higher.

In parameter estimation, alpha is the probability value used to define the precision for estimated
confidence intervals. Alpha is typically set to 0.05 and the corresponding confidence intervals are 95%
confidence intervals, where 95% = 100 x (1 — ) %.

In hypothesis testing, alphais the probability of making a Type | error: rejecting the null hypothesis
when in fact the null hypothesis is true.

In hypothesis testing, beta is the probability of making a Type Il error: failing to reject the null
hypothesis when in fact the null is false.

Tendency of a sample statistic to systematically over- or under-estimate a population parameter

A quantitative process of assigning a descriptive label to the estimated level of vaccination coverage.
Labels might include high, low, adequate, inadequate, above the threshold, below the threshold or
indeterminate.

Classification rules that use a single coverage threshold to divide results into two categories often
provide one strong conclusion and one weak conclusion. This manual recommends using three
classification outcomes: likely to be higher than the threshold, likely to be lower than the threshold,
and indeterminate due to limited sample size.

A collection of elements (for example, households, communities, villages, census enumeration areas,
etc.) grouped within defined geographical or administrative boundaries.

A survey in which the population under study is divided into an exhaustive and mutually exclusive set
of primary sampling units (clusters), and a subset of those clusters is randomly selected for sampling.

In this manual, confidence bounds mean 1-sided confidence limits. The upper confidence bound
(UCB) is the upper limit of the 100 x (1 — )% confidence interval whose lower limit is 0%; the lower
confidence bound (LCB) is the lower end of the 100 x (1 — «)% confidence interval whose upper
limit is 100%. Alpha is usually set to 0.05, so we say that we are 95% confident that the population
parameter falls above the LCB, or we say that we are 95% confident that it falls below the UCB.
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Confidence interval (CI) Arange or interval of parameter values around a point estimate that is meant to be likely to contain
the true population parameter. If the experiment were repeated without bias many times, with data
collected and analysed in the same manner and confidence intervals constructed for each repetition,
100 x (1 — )% of those intervals would contain the true population parameter.

Stakeholders may have trouble interpreting the confidence interval. Reports often state that the
survey team is “95% confident” that the true coverage in the target population falls within the 95%
confidence interval obtained from the sample. This may be an acceptable way to present results to
policymakers. Strictly speaking, the confidence interval actually means, “If this survey were repeated
a very large number of times, using the same target population, the same design, the same sampling
protocol, the same questions, and the same analysis, and if a confidence interval were calculated
using the same technique, then 95% of the intervals that resulted from those many surveys would
indeed contain the true population coverage number”.

We cannot know whether the sample selected for a given survey is one of the 95% of samples that
generates an interval containing the true population parameter, or whether it is one of the 5% of
samples for which the entire confidence interval lies above or below the true population parameter.
However, for practical purposes (and in the absence of important biases), it is acceptable to use
the data with the assumption that the true unknown coverage figure is within the estimated 95%
confidence interval from the survey sample.

Confidence level A level of confidence is set when computing confidence limits. A level of 95% (or 0.95) is
conventionally used but it can be set higher or lower. A level of confidence of 95% implies that 19 out
of 20 times the results from a survey using these methods will capture the true population value.

Confidence limits The upper and lower limits of a confidence interval. The interval itself is called the confidence interval
or confidence range. Confidence limits are so called because they are determined in accordance with
a specified or conventional level of confidence or probability that these limits will, in fact, include the
population parameter being estimated. Thus, 95% confidence limits are values between which we
are 95% confident that the population parameter being estimated will lie. Confidence limits are often
derived from the standard error (SE).

Continuity correction A correction factor used when a continuous function is used to approximate a discrete function (for
example, using a normal probability function to approximate a binomial probability). The sample size
equations in Annex B include a continuity correction to make it likely that the resulting survey designs
will indeed have o probability of a Type | error and 3 probability of a Type Il error.

Design effect (DEFF) A measure of variability due to selecting survey subjects by any method other than simple random
sampling. It is defined as the ratio of the variance with the chosen type of sampling to the variance
that would have been achieved with the same sample size and simple random sampling. Usually,
cluster surveys have a design effect greater than one, meaning the variability is higher than for simple
random sampling.

For a complex sample to achieve a specified level of precision it will be necessary to collect a larger
sample than would be true with simple random sampling. The factor by which the sample size must be
increased is the DEFF.

The sample size to achieve a desired precision using a complex sample =
DEFF x the sample size to achieve that same precision using a simple random sample.

Some surveys, including the USAID Demographic and Health Surveys (DHS) report a quantity known as
DEFT, which is the square root of DEFF.

The DEFF is affected by several factors, including the intracluster correlation coefficient (ICC),

sample stratification, the average number of respondents per cluster, and heterogeneity in number of
respondents per cluster (Kish, 1965).
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Effective sample size

Estimation (of coverage)

Explicit stratification

Household
Hypothesis test

Implicit stratification

Inferential goal

Intracluster correlation
coefficient (ICC)

Minimum detectable
difference

Multi-stage complex sample
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The effective sample size is the number of simple random sample respondents that would yield the
same magnitude of uncertainty as that achieved in the complex sample survey. When a survey uses
a complex sampling design (stratified or clustered, or both stratified and clustered), the magnitude
of sampling variability associated with its results (that is, the width of the 95% confidence interval)
is usually different than the magnitude that would have been achieved with a simple random sample
using the same number of respondents. The effective sample size is the complex survey sample size
divided by the design effect.

Assessment of the likely vaccination coverage in a population, usually accompanied by a confidence
interval.

A form of sample selection that selects enough respondents from an administrative or demographic
sub-group to provide precise estimates of the main survey outcome. If it is important to calculate

a precise estimate of coverage among both urban and rural sections of a province, the sample will
explicitly stratify on urban/rural status and visit a sufficient number of PSUs and respondents of both
types to generate precise coverage estimates for urban respondents and precise estimates for rural
respondents. This essentially involves doing two surveys: one among urban PSUs and one among rural
PSUs.

A group of persons who live and eat together, sharing the same cooking space/kitchen.

When making a formal comparison of coverage, a statistical test done to calculate the likelihood that
the observed difference, or a greater difference, might be observed due simply to sampling variability.
If that likelihood is very low, the difference is declared to be statistically significant. Coverage can be
compared with a fixed programmatic threshold, with coverage in another region or subgroup, or with
coverage in an earlier or later period of time.

A form of sample selection that guarantees that PSUs will be allocated between sub-group in rough
proportion to their occurance in the population. If the sample size calculation indicates that the survey
needs to visit 38 clusters to meet its precision goal in a particular province, then it is possible and
common to implicitly stratify the sample, by sorting the PSU list with, say, all urban clusters at the
top of the list and all rural clusters below. Then PSUs are selected using systematic sampling with
probability proportional to size. If one-third of the population is urban and two-thirds are rural, then
roughly one-third of the selected PSUs will be urban and two-thirds will be rural. The survey precision
goal is met at the province level, and the organizers can be sure that PSU allocation is representative
of the urban/rural population split. In the analysis phase, coverage results may be reported for the
province only, or for both the urban and rural portions of the province. The province level results will
hopefully meet the sample size precision goals. The urban and rural results do not have any goal

or guarantee on their precision (except that both will be somewhat poorer than the province-level
precision).

Statement of the desired level of certainty in survey results. Goals include estimating coverage
to within plus or minus a certain percent, classifying coverage with a certain low probability of
misclassification, or comparing coverage with a certain low probability of drawing an incorrect
conclusion.

A measure of within-cluster correlation of survey responses, sometimes known as the intraclass
correlation coefficient or the rate of homogeneity (roh). In most survey outcomes of interest, ICC varies
from 0 to 1. Outcomes that require access to services or are affected by attitudes of respondents are
often spatially correlated, and have higher ICC values than other outcomes. The ICC is an important
component of the survey design effect (DEFF), as described in Annex B. Smaller values of ICC yield
smaller values of DEFF and vice versa.

The smallest difference in coverage detectable with a test that has « probability of a Type | error and
B probability of a Type Il error. It is a term from statistical hypothesis testing.

A survey design with more than one stage of selection to identify the respondents to be interviewed.
This might involve randomly selecting clusters, and then randomly selecting segments, and then
finally randomly selecting households. It might also involve stratifying the sample and conducting a
survey in each stratum, using one or more sampling stages.
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Self-weighting survey
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A measure of the probability that an observed difference is due to sampling variability alone. A
hypothesis test has a null hypothesis (for example, that there is no coverage difference between
groups) and an alternative hypothesis (for example, that there is a difference). Even when the null
hypothesis is true, and two groups have exactly the same coverage in their target populations, it will
still usually be the case that the observed coverage values differ somewhat between the samples. This
is sampling variability. For example, one sample estimate of coverage may be a little higher than the
true value, and the other sample estimate of coverage may be a little lower than the true value. In a
survey, we cannot know with absolute certainty whether the difference is due to sampling variability or
due to a true underlying difference in the coverage figures.

The p-value associated with a hypothesis test is the probability that we would observe a test statistic
as extreme as (or more extreme than) that in the sample due only to sampling variability, if the null
hypothesis were true. When the p-value is low, it is very unlikely that we would draw a sample with

a test statistic as extreme as the one observed if the null hypothesis were true. In these cases, we
usually reject the null hypothesis and conclude that the alternative hypothesis is likely to be true.

In other words, a low p value such as p < 0.01 means that we can be 99% confident that there really
is an underlying difference between the true coverage in the two groups. Traditionally, a cut-off of p
< 0.05 is used to indicate that we are confident of a true difference between groups. The smaller the
p value, the more confident we are. The p-value is intimately tied to the size of the sample used for
comparison. Collecting a larger sample will usually result in a smaller p-value.

The ability to reject the test’s null hypothesis when it is false. It is sometimes expressed as (1 — 3),
where B is the probability of a Type Il error at a particular specific value of the parameter being tested.
See Annex B.

A measure of how close estimates from different samples are to each other; estimated by the standard
error from a single survey.

The group of respondents selected in the first stage of sampling. In this manual, PSUs are usually
clusters.

A selection of subjects in which each eligible respondent in the population has a quantifiable and non-
zero chance of being selected.

A goal or target for vaccination coverage. In many measles vaccination campaigns or supplementary
immunization activity (SIA), for example, the goal is to vaccinate at least 95% of the eligible children;
the programmatic threshold would be 95%. Programmatic thresholds are often used as a basis for
setting an inferential goal for classification. For example, the goal of the survey may be to identify
districts that have SIA coverage below 95%; in theory, these districts would be targeted for remedial
action.

A sample in which the design calls for obtaining survey data from a precise number of eligible
respondents from each primary sampling unit. The classic EPI cluster survey design called for a quota
of exactly seven respondents from each of 30 clusters, so the work of the interviewers in a given cluster
continued until they had interviewed exactly seven eligible respondents.

A number selected by chance.

Estimated uncertainty due to observing the measure of interest on a random subset of the target
population.

The set of sampling units from which a sample is to be selected; a list of names, places, or other items
to be used as sampling units.

The unit of selection in the sampling process; for example, a child in a household, a household in a
village or a district in a country. It is not necessarily the unit of observation or study.

Method that allows a unit to be sampled more than once.
Method that insures that a unit can only be sampled at most one time.

A survey where the selection probability of each observational unit is the same (also known as equal
probability sampling method, or EPSEM).

A sample drawn from a set of eligible units or participants where each unit or participant has an equal
probability of being selected.
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A sample in which clusters are selected randomly, and within each selected cluster, every eligible
respondent is interviewed.

The standard by which results are judged as being likely due or not due to chance.

The word stratum can mean different things in different contexts, and there are several methods of
stratification. In this entry we use the example of urban and rural residents as two sub-populations
of interest. The points below would be equally applicable with many other demographic characteristics.

In the sample size calculation and sample design phase of a survey, a stratum is portion of the
population for which survey results will be estimated and reported with a desired level of precision

on the survey's primary outcome (the sample size has been purposefully selected to be large enough
to do this). We say that a survey is stratified if the eligible respondents are divided into mutually
exclusive and exhaustive groups, and a separate survey is conducted and reported for several or all
groups. Coverage surveys are often explicitly stratified geographically (e.g., visiting enough PSUs in
each province to generate a precise coverage estimate for every province - see the Annex A entry titled
Explicit Stratification). Within each province it is possible to further explicitly stratify by urban/rural
status, selecting enough urban PSUs and enough rural PSUs to generate precise coverage estimates
among both groups. This is possible, but not common in WHO coverage surveys. The more common
practice is to explicitly stratify on geographic areas and then to implicitly stratify the sample within
each province based on a demographic characteristic, like urban and rural population. (See the Annex
Aentry titled Implicit Stratification.) Separate results may be reported for coverage among urban vs
rural portions of the province in both situations: whether the survey uses explicit or implicit urban/rural
stratification. Explicit stratification may sound desirable but it requires additional costs, resources,
time and sample size.

A third possibility would be to select PSUs without consideration or regard for urban/rural status.
In that case the analysis would require additional weighting and assumptions in order to generate
meaninful coverage estimates for both the urban and rural portion of the province.

When the survey is conducted in every stratum, it is possible to aggregate the data (or results) across
strata, with care, to estimate overall results. For example, we can combine data across all provinces,
weighting appropriately, to estimate representative national level coverage figures. In some situations,
eligible respondents are divided into groups, and surveys are only conducted in a subset of those
groups (for example, only in provinces thought to have especially low coverage). It may not be possible
to combine data across the subset of strata that were selected purposefully (that is, not selected
randomly) to estimate national level results.

Any immunization activity conducted in addition to routine immunization services.

A value that indicates how much each record or case will count in a statistical procedure. Each record
in a survey dataset might be accompanied by one or more survey weights, to indicate how many
population level eligible respondents are represented by the respondent in the sample. A statistician
calculates the weights in what is usually a multi-step process, as described in Annex J.

A sample in which clusters are selected randomly, and then within each selected cluster, a second
stage of sampling occurs in which a subset of eligible respondents is selected to be interviewed.

A term from statistical hypothesis testing: to incorrectly reject the null hypothesis. In study design
we limit the probability of Type | errors by setting an explicit (usually low) value of the parameter
designated « (alpha). It is common to set o =0.05 or 5%.

Aterm from statistical hypothesis testing: to incorrectly fail to reject the null hypothesis. In study
design we limit the probability of Type Il errors at some value of the parameter being tested, by setting
an explicit value of the parameter designated {8 (beta). Note that 1-B equals the statistical power of
the test at that value of the parameter.

The proportion of individuals in the target population who are vaccinated.

A goal that is prepared for a health facility, stating that states what proportion of individuals in the
target population will be vaccinated with specific vaccines in a given time period.

A dose that was administered when a child had reached the minimum age for the vaccine, and was
administered with the proper spacing between doses according to the national schedule.

A number that expresses the relative number of population units represented by a given sampled unit.
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Annex B1: Steps to calculate a cluster survey sample size for estimation or
classification

This annex is the first of three that explain how to calculate the right sample size to meet the survey goals. These three annexes

contain the following information:

1. Annex B1 describes six steps to calculate a cluster survey sample size for either coverage estimation or classification
purposes. Along the way, the accompanying tables and equations will help readers to calculate several factors, labelled A
through E, which may be multiplied together to calculate the target total number of respondents, number of clusters, and
number of households to visit, in order to achieve a total survey sample size that will meet the inferential goals of the survey.

2. Annex B2 provides equations for extending the tables in Annex B1. Some readers may wish to understand more precisely how
the tables were constructed; they may wish to work through the equations themselves. Other readers may encounter situations
with unusual design parameters; the equations in Annex B2 will facilitate extending the tables to include these situations.

3. Annex B3 addresses the less common inferential goal of designing a survey to be well powered to detect differences in
coverage — either differences over time or differences between subgroups. This is usually not the primary goal of a vaccination
coverage survey but can be an important secondary goal. The tables and equations will help the reader understand the
sample sizes needed to conduct formal statistical hypothesis tests to compare coverage.

B1.1 Changes to the 2005 sample size guidance

This manual recommends using updated Expanded Programme on Immunization (EPI) survey methods to assess vaccination
coverage. We favour using larger samples to estimate coverage precisely, and smaller samples to classify coverage, using a
weighted probability sample. Therefore, use the guidance included in this updated manual to calculate cluster survey sample
sizes, rather than using Appendix C of the 2005 /Immunization Coverage Cluster Survey: Reference Manual. Specifically, the
sample size guidance in the 2005 manual had the following weaknesses:

1. The 2005 manual assumes that every survey will have a design effect of 2, regardless of the number of respondents per
cluster. This is misleading. The design effect is a function of the intracluster correlation coefficient (ICC), the number of
respondents per cluster, and the coefficient of variation of the sampling weights (CVw). Survey organizers do not have any
control over the ICC, so if they change the design to include more respondents per cluster, the design effect gets larger. It
does not remain constant across designs. This means that Tables C1, C2, and C3 of the 2005 manual are not correct, and
should not be used.

2. Intests for changes in coverage over time, the 2005 manual assumes that the coverage at the earlier time is given, and was
measured precisely with no uncertainty. This is never the case in practice. The earlier coverage will have been estimated
using a survey, so there will be a degree of uncertainty due to sampling variability. This means that Table C4 of the 2005
manual is not correct and should not be used.

3. InTable C5, the 2005 manual assumes a 1-sided test when testing for a difference in coverage between places. This is not
correct because a 2-sided test (which requires a larger sample size) is almost always the right thing to do when comparing
coverage between two subgroups or places measured at the same time. It is common that before the survey, it is truly not
known which subgroup has higher coverage, and therefore requires a 2-sided test. It is rare to have strong grounds for
believing that one subgroup has higher coverage than another, so the 2-sided test is a more conservative approach.

For these reasons, we strongly recommend using the tables and equations in this updated reference manual. As always, if you
have questions, we recommend consulting a sampling statistician during the design and analysis phases of a survey.

A Short Note on Sample Size Guidance in this 2018 Reference Manual

The sample size guidance in this annex has been updated to address the issues listed above, and to be consistent with sample
size advice from a single modern source: Statistical Methods for Rates and Proportions (Third Edition, 2003) by Joseph L. Fleiss,
Bruce Levin, Myunghee Cho Paik. This annex refers to specific equations and pages in that text.
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B1.2 Calculating a cluster survey sample size for purposes of estimation or classification
Annex B1 concentrates on designing surveys for the purpose of coverage estimation or classification. Estimation means estimating
coverage with a desired precision —that is, a desired maximum half-width of the 95% confidence interval. Classification refers to
conducting one (or more) 1-sided hypothesis test(s) to compare coverage with a fixed threshold, and drawing a strong conclusion
about whether the population coverage is likely to be on one side of that threshold (that is, above or below).

We recommend a process with six steps to calculate a cluster survey sample size for estimation or classification (note: the tables
in Annexes B1-B3 are numbered according to the step or variable they pertain to, rather than traditional sequential numbering):

. Calculate the number of strata where the survey will be conducted. We refer to this later using the letter A.
. Calculate the effective sample size (ESS). This is called B in later calculations.
. Calculate the design effect (DEFF). This is called C in later calculations.

|
2
3
4. Calculate the average number of households to visit to find an eligible child. This is called D.
5. Calculate an inflation factor to account for nonresponse. This is called E.

6

. Use the values assembled in steps 1-5 to calculate important quantities for survey planning and budgeting.

The first few times through the process of calculating a cluster survey sample size, it may be helpful to use the long form in
the first pages of this annex, which details each step. As you become familiar with the terms and quantities, you will likely use
the two abbreviated worksheets that appear near the end of Annex B1.

If you prefer not to use the worksheets, there is a Microsoft Excel spreadsheet for calculating cluster sample sizes using the six
steps described above. It was developed by Dana Thomson and is available from the World Health Organization: http://www.
who.int/chp/steps/resources/sampling/en/.

Step 1: Calculate the number of strata where the survey will be conducted

A stratum (plural strata) is a subgroup of the total population. It might be a subgroup defined by geography, like occupants
of the same province, or it might be a demographic subgroup, like women or children aged 12—23 months. When the survey is
finished, a separate coverage estimate will be calculated for each stratum in the survey.

If the survey steering group wishes to calculate results for each district within each province, and each province within the
nation, then the survey has three levels of geographic strata. It is helpful to think of the entire endeavour as a survey in each
district, repeated across all districts. In that case, the number of districts is the number of strata. For example, Burkina Faso
has 13 provinces and 63 health districts. If a survey were designed to estimate vaccination coverage in every district, it would
be like conducting 63 separate surveys. The results from each of these surveys could be combined to estimate coverage in their
respective provinces and in the entire nation.

Sometimes results are reported for demographic subgroups within geographic subgroups. Sometimes this means that the
sample size in each demographic subgroup needs to be large enough to make precise estimates within each geographic stratum.

If the total population is to be divided into subgroups and surveys are to be conducted in each subgroup, calculate the total
number of subgroups and write it in Box A below. Otherwise, if the results will be reported only in one grand total result (for
example, reported only at the national level), and not broken out with precision goals in subgroups, then write “1” in Box A
below. Table A (near the end of Annex B1) might also be helpful. Fill it out, and write the number of strata in Box A below.
Proceed to Step 2.

(A) N,..=

Strata
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Step 2: Calculate the effective sample size (ESS)

Although cluster samples require a larger total sample size than simple random samples, cluster samples are less expensive
than simple random samples. This is because they require field staff to visit fewer locations, and staff can collect data from
several respondents per location.

This step calculates the number of survey respondents required in order to meet the inferential goal of the survey, if a simple
random sample of respondents were done. In later steps, this is called the effective sample size (ESS) and will be inflated to
account for the clustering effect.

First, decide whether you wish to calculate precise results in each stratum (requiring higher sample sizes), or whether less
precise results are adequate at the lowest level of stratum (for example, districts) as long as the results are quite precise when

aggregated at the province and national levels.

Do you require very precise results for each stratum?

Circle answer: YES/NO

If yes, complete the section titled “Calculating ESS for estimating coverage”. If no, complete the section titled “Calculating
ESS for classifying coverage”. If an inferential goal of the survey is to compare results from two surveys (such as over time or
between two places), read Annex B3 to obtain the ESS for each of the two surveys, and write both values in Box B below.

Calculating ESS for estimating coverage

If results are to be estimated to within a given precision level at the lowest level of strata (for example, districts), specify the
expected coverage level for the vaccine or other measure of most interest, and the precision with which the coverage should
be estimated. Write those values below:

Expected coverage: %

Desired precision level: + %

If you are estimating coverage for several equally important measures, write in the expected coverage for the measure that is
likely to be nearest 50% coverage. Use Table B-1 (near the end of Annex B1) to look up the ESS based on your expected coverage
and desired precision level. For example, if the outcome of interest is the third dose of a DTP-containing vaccine (DTPCV3),
expected coverage is 75%. To have precision of + 5%, Table B-1 indicates that ESS = 340.
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Write the ESS in Box B below. Proceed to Step 3.

(B) ESS =

Calculating ESS for classifying coverage

If sufficient resources are not available to obtain very precise results in every stratum, it can be helpful to select a sample size
based on its power to classify coverage in those strata as being higher or lower than a fixed programmatic threshold. The results
will be a coverage point estimate and confidence region, and coverage will either be:

e very likely lower than the programmatic threshold,
o very likely higher than the threshold, or
e not distinguishable from the threshold with high confidence using the sample size in this survey.

To select the effective sample size, identify the threshold of interest and then specify the desired likelihood that the survey
correctly classifies strata whose coverage falls a certain distance above or below that threshold. Of course, it would be nice
to correctly classify strata 100% of the time, but it is difficult to guarantee because of sampling variability: some samples
of respondents will yield many vaccinated children, while other samples of the same size, collected in a similarly random
fashion, will by chance yield fewer vaccinated children. That is the nature of sampling. Although we cannot guarantee that a
small sample will correctly classify every stratum, we can select a sample size that is very likely to make correct classifications
when coverage is a specified distance above or below the threshold. This design principle is similar to that used in lot quality
assurance sampling (LQAS), but the results here are likely to be clearer than those from clustered LQAS.

This design requires the following five input parameters to be specified in order to look up the corresponding ESS:
1. The programmatic threshold is a coverage level of interest. It might be the coverage target.

2. Delta s a coverage percent defining a distance from the programmatic threshold. If the true coverage is at least delta points
away from the programmatic threshold, we choose a sample size likely to classify those districts as having coverage that
is likely different than delta.

For example, if the programmatic threshold is 80% and delta is 15%, then when coverage is below 65% (80 — 15) you want
the survey results to be very likely to show that coverage is very likely lower than 80%. Similarly, when coverage is above
95% (80 + 15) you want the survey results to be very likely to show that coverage is very likely above 80%.

3. Direction indicates whether you are specifying the statistical power for correctly classifying strata with coverage delta
percent above the programmatic threshold, or delta percent helow the programmatic threshold. If the threshold of interest
is 80% and you want to be very sure to correctly classify strata with coverage above 90%, then the direction is above and
you should use Table B-3 to look up the ESS. If the direction is below then use Table B-2. Note that the effective sample sizes
in B-2 are larger than those in B-3, so the conservative choice is to use Table B-2 unless your primary focus is detecting
differences above the programmatic threshold.

4. Alpha () is the probability that a stratum with true population coverage at the programmatic threshold will be mistakenly
classified as very likely to be above or below that threshold.

5. Beta (B) is the probability that a stratum with true population coverage delta points away from the threshold (Table B-2
for below and Table B-3 for above) will be mistakenly classified as having coverage not different than the threshold. The
quantity 100% — B is the statistical power of the classifier.
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Write the values below:

Programmatic threshold: %

Delta: % (choose 1%, 5%, 10%, or 15%)
Direction: (above or below)

a % (choose 5% or 10%)

B % (choose 10% or 20%)

Power = (100% - B) = % (either 80% or 90%)

Use Tables B-2 or B-3 (near the end of Annex B1) to look up the ESS based on the programmatic threshold, delta, direction, ,
and power inputs. Write the ESS in Box B below. Proceed to Step 3.

(B) ESS =

Step 3: Calculate the design effect (DEFF)

When the survey design is based on a cluster sample instead of a simple random sample, we require more respondents in order
to achieve the statistical precision specified in Step 2 above. The design effect (DEFF) is a factor that tells us how much to inflate
the ESS to achieve the precision we want with a cluster sample. The DEFF is a function of the target number of respondents per
cluster (m), the ICC, and the coefficient of variation of the survey weights (CV ).

The design effect is described in more detail in Kalton et al. 2005 and Park et al, 2003 and several manuscripts by Kish,
including Kish 1987.

Three input parameters are required to calculate the DEFF.

1.

The target number of respondents per cluster (m) will often be between 5 and 15, and is influenced by the number of people
in each field data collection team and by the length of the survey. For many surveys, start with a value of 5 or 10 and adjust
it slightly when revising the design. Consider adjusting m to be smaller if the number of households that must be visited
per cluster (D x E x m)! is too many for a single team to accomplish in a day. Consider adjusting m to be larger if (D x E x m)
represents much less than a full day of work for a field team. Also, keep in mind the expected number of eligible respondents
in a cluster. If the target population is a small subpopulation, such as 12—23 month olds, then clusters based on enumeration
areas (often approximately 200 households in size) may, on average, have a small number of total eligible respondents.

. Respondents from the same cluster tend to give similar responses to each other. They often come from similar socioeconomic

conditions, have the same access to services and share the same attitudes toward those services. Therefore, the responses
within a cluster are likely to be correlated, and the degree of correlation affects statistical power and sample size. The
intracluster correlation coefficient (ICC) is a measure of the correlation of responses within clusters. For survey work, it
varies from 0 to 1. This figure affects the sample size calculation and is not usually known in the planning stage; the true

1 The parameters D and E will be defined in steps 4 and 5 respectively.
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ICC figure for any survey will only be well estimated after the data have been collected. For planning purposes, use either
an observed figure from a recent survey of the same topic in a similar study area, or a conservative value that is slightly
larger than what is likely to be observed in the field.

3. The design effect is inflated if there is substantial variability in the survey weights. This variability may be characterized by
the coefficient of variation (CV, ), which is the standard deviation of weights divided by the mean of the weights. In some
cases it will be possible to calculate the coefficient of variation from an earlier survey that used the same sampling frame
and a similar sampling plan. That value could be used for planning purposes.

For post-campaign surveys, an ICC between 1/24 and 1/6 is probably appropriate, with the larger value (1/6 = 0.167) being
more conservative. For routine immunization surveys, an ICC between 1/6 and 1/3 is probably appropriate, with 1/3 being more
conservative. If you do not have access to a set of weights from a similar survey with which to estimate a relevant coefficient
of variation, it may suffice to use a CV, value of 0.3 to 0.7, so the unequal variance term of the design effect (1 + CV ?) will
fall between 1.1 and 1.5. That is, you might inflate the design effect (and sample size) by a factor of 10-50% to anticipate the
effect of unequal weights. The larger value is more conservative than the smaller value.

Specify the average number of eligible children sampled per cluster (m), the ICC, and the CV . Write the values below:

Calculate the DEFF using the following equation:
DEFF = [1 + (m — 1)xICCI[1 + CV 7]

Table C (near the end of Annex B1) can be used to look up the first term, the DEFF cluster term, for selected m and ICC values.
Use the value from Table C along with an estimate of CVw in the equation above to calculate DEFF.

Write the DEFF in Box C. Proceed to Step 4.

(C) DEFF =

Step 4: Calculate the average number of households to visit to find an eligible child

Not every household in the cluster will have a child eligible for the survey. The number of households that must be visited to
find at least one eligible child (N, . ¢ oiwive cia) ShOUI be estimated before survey work begins. This number will help survey
planners know if the cluster (or cluster segment) is big enough to find the number of eligible children needed for the survey, as
well as to allow appropriate time to complete the work in each cluster.
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If NHHmfindeligiblechild is known or easily found from recent census or survey data, that number should be written in Box D below, and the
reader can proceed to Step 5. If it is not known, it can be estimated in various ways. Birth rates, infant mortality rates, and household
size are some variables that may be easy to obtain from recent census or survey data to help estimate Ny, ¢, .. - CONSider
the following equations. Equation B1-1 estimates Ny, . .. .. oor WhICH is used in Equation B1-2 to estimate Ny, oo i

Equation B1-1 and B1-2:

YCxBR 1000—-IM

Nsurvived at birth per HH — —iooo, X
) 1000

1

Ny to find etigivle chita = 5 :
Survived at birth per HH

YCis the number of years of eligible children in the cohort, BR is the birth rate per 1000 population, HS is the average household
size, and IM is the infant mortality rate per 1000 live births. The first term in Equation B1-1 estimates the number of live births
per household, and the second term estimates the proportion of live births that survived to their first birthday. The multiplier YC
assumes everyone survives after their first birthday, so Equation B1-2 underestimates N, . bl il Round the result from
Equation B1-2 up to the nearest whole number.

Example 1: Suppose a survey is scheduled to occur in Ethiopia estimating coverage levels for a single year cohort, children
12-23 months. In the 2011 Ethiopia Demographic Health Survey, the birth rate per 1000 population was estimated to be 34.5,
the infant mortality rate per 1000 live births was estimated to be 59, and the average household size was estimated to be 4.6.
The number of years of eligible children in the cohort is 1. Using Equations B1-1 and B1-2:

1x34.5 1000 -59
Nsurvived at birth per HH = ~1000 X = 0.149

1000
z5)

1
Ny to find eligible child = 0149 = 6.7

An estimated 1 in every 7 households will have an eligible child for this survey.

Example 2: In Example 1, if the cohort of interest was for 1-5 year olds, then YC =5—1 =4 and Equations B1-1 and B1-2 yield:

4x 345 1000—-59

NSurvived at birth per HH = 1000 X 1000 =06
Zg)

1
NyH to find eligible child = 06" 1.67

Expanding the birth cohort translates to more households with an eligible child for the survey. In this example, an average of
two households would need to be visited to find an eligible child.
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Example 3: In Example 1, if the birth cohort was for 1-15 year olds, then YC = 15—1 =14 and Equations B1-1 and B1-2 yield:

14 x 34.5 1000 — 59
Nsurvived at birth per HH = (1000) X 1000 = 2.09

4.6

1

N o find etigibte chita =5 g = 0-48

Expanding the birth cohort dramatically translates to even more households with an eligible child for the survey. In this example,
every household is estimated to have an eligible child.

Using Equations B1-1 and B1-2, estimate N, . . it i and write it in Box D below. Consult a statistician or the census

bureau if the rates used in Equations B1-1 and B1-2 are not known or not well estimated, and if a different way to estimate

Noi o s eteine i 1S N€€ded. Discussions with colleagues who have recently completed national child health surveys (malaria,
gible child

nutrition, etc.) may also be helpful.

(D) N

HH to find eligible child =

Step 5: Calculate an inflation factor to account for nonresponse

Some households that have a child eligible for survey participation may not participate, either because the family lives elsewhere
at the time of year the survey occurs, or the caregiver is not at home when the data collection team visits, or because the
caregiver is home but refuses to participate. Therefore, although there may be an eligible respondent in every seventh home,
the team may need to visit eight or nine homes, on average, per completed interview.

Based on recent survey experience in the same country and appropriate insight about the seasonal patterns of mobility, specify
the percentage of eligible households (those with an eligible child) that are likely to be excluded (P, . and notrospon)- WTtE the
value below:

%

HH eligible and not respond —

Use Table E (near the end of Annex B1) to look up the appropriate inflation factor (I ), or calculate it using the following

equation:

Nonresponse:

= 100
100-P

HH eligible and did not respond

Nonresponse

Write the inflation factor in Box E below. Do not round this result. Proceed to Step 6.

B) 1

Nonresponse
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Step 6: Use the values above to calculate quantities needed for survey planning and budgeting

Copy the quantities A~E and m from the earlier sheets into these boxes:

A. B. C. D. E. m
NStrata ESS DEFF NHHtofmd eligible child Nonresponse (from Step 3)
L. Calculate the total completed interviews needed (N_):
NCS = X X =
(A) (B) (€

2. Using N just calculated, and (D) and (E) in the boxes above, calculate the total number of households to visit to get the

necessary completed interviews:

Ny oist =

(D)

(E)

3. Using (B) through (E) in the boxes above, calculate the target number of households to visit in each stratum:

= X

HH to visit per stratum

(B)

(C)

(D)

4. Using (B) (C) and m, calculate the number of clusters needed per stratum:

(E)

clusters per stratum —

(B)

5. Calculate the total households to visit per cluster:

(C) m

HH per cluster —

(D)

6. Calculate the total number of clusters in the survey:

(E)

clusters total

(A)

clusters per stratum
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Discussion
If the quantities calculated in Step 6 are compatible with established budgets and timelines, then stop here and use those
values as your survey’s sample sizes. Congratulations on designing your survey!

If the quantities calculated above are too expensive or would take too long, there are several modifications you can make to try
to reduce the sample size.

L.

In Step 1, if the number of strata to survey is large, consider reducing this number. For example, if results were originally desired
by province, age group, and gender, consider stratifying only by province. You can still summarize the analysis by province, age
group, and gender, but those sub-sub-subgroup results will not have the high precision or power needed to classify.

In Step 2, was the ESS calculated using estimation with desired precision? If so, consider:

a. Relaxing the level of precision with which the coverage needs to be estimated (for example, relax from +3% to £5%,
+/%, or £10%).

b. If relaxing the precision still does not produce feasible sample sizes, consider using the classification methods in Table
B-2 instead of estimating with a desired precision level from Table B-1.

. In Step 2, if the ESS was calculated using classification methods, consider:

a. increasing delta (that is, increasing the difference from the programmatic threshold for which a change is likely to be detected)
b. increasing alpha
c. increasing beta (that is, lowering the desired power)

In Step 3, consider modifying m (the average number of respondents per cluster). Specifically, consider adjusting m to be smaller
if the number of households needed per cluster (D x E x m) is too many for a single team to accomplish in a day. Consider
adjusting mto be larger if (D x E x m) represents much less than a full day of work for a field team. Increasing m may result in
surveying fewer clusters while decreasing m may result in less time (and potentially cost) in a particular cluster.

Introduction to the sample size worksheets on the following pages

The first few times through this process, it will be helpful to use the step-by-step guidance presented thus far in the annex to
understand the sample size inputs and outputs A—E. As you gain familiarity with the process and the quantities, you may wish
to move to a single sheet form for doing these calculations. The worksheet on the following page consolidates the above six
steps considerably. As your skills progress even further, you may wish to compare multiple survey designs on a single sheet. In
that case, use the quick comparison worksheet on the page after to compare up to ten designs simultaneously.
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Cluster Survey Sample Size: Single Page Worksheet

(Specify  Output using Table
Step Letter Quantity Inputs Inputs) or Equation

1 (A)  Number of Strata (N, ) (no inputs)
Effective Sample Size (ESS) — Estimation with Expected coverage
Desired Precision Precision |eve|
Programmatic threshold
2 (B) L
. . o Delta & Direction
Effective Sample Size (ESS) — Classification
Alpha
Power
m
3 (C) | Design Effect (DEFF) ICC
Ccv,
1 D) gﬁi[}]dbt(alil of Households) to Visit to Find an Eligible (no inputs)
HH to find eligible child
5 (E) NoanSponse (INonresponse) PHH eligible and not respond

. Calculate the total completed interviews needed (N ):

cs

[

(A) (B) ()

. Using N__ just calculated, and (D) and (E) in the boxes above, calculate the total number of households to visit to get the
necessary completed interviews:

HH to visit —

(N,) (D) (E)

. Using (B) through (E) in the boxes above, calculate the target number of households to visit in each stratum:

HH to visit per stratum =

(B) (C) (D) (E)

. Using (B) (C) and m, calculate the number of clusters needed per stratum:

clusters per stratum = X / =
(B) () m

. Calculate the total households to visit per cluster:

HH per cluster =

(D) (E) m

. Calculate the total number of clusters in the survey:

clusters total

(A)

clusters per stratum
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Worksheet

ison

Quick Compar

Cluster Survey Sample Size
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(Choose a Method to Calculate ESS)
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Tahle A. Stratification schemes for the survey

Example: Burkina

Faso SIA — 3 age

Strata at Lowest Level Estimated Number of Strata cohorts Your Results
National results — all strata combined 1 1

National results — stratified by demographic # of demographic groups (14 5-9 130_14 years)

Province results — all ages combined e.g. # of provinces 13

Province results — stratified by demographic e.g. (i of provinces) x  of 39

demographic groups)

District results — all strata combined e.g. # of districts 63

e.g. (# of districts) x (# of

demographic groups) 189

District results — stratified by demographic

The following examples parallel the levels outlined in Table A and illustrate how to calculate the number of strata.
Example 1a: Coverage estimates are needed for Ethiopia. The number of strata for this survey is thus 1.
Example 1h: Coverage estimates for Kano, Nigeria are needed. The number of strata for this survey is thus 1.

Example 2a: Coverage estimates by geographic area (urban versus rural) are needed. The number of strata for this survey is
thus 2.

Example 2b: Coverage estimates by age group (1-4, 5-9, and 1014 years old) are needed. The number of strata for this
survey is thus 3.

Example 2c: Coverage estimates by sex (female versus male) are needed. The number of strata for this survey is thus 2.
Example 3: Post-measles campaign survey in 13 provinces. The number of strata for this survey is 13.

Example 4: Post-measles campaign survey in 11 provinces, with the target audience stratified by age: 1- 4, 5-9, and 10-14
years old. The number of strata for this survey is 11 x 3 = 33.

Example 5: Coverage estimates by local government areas (LGAs) in Kano, Nigeria are needed. The number of strata for this
survey is the number of LGAs in Kano, which is 44.

Example 6: Coverage estimates by zone broken out by urban/rural in Ethiopia are needed. The number of zones in the survey is
96 (three excluded because of security). The number of strata for this survey is 96 x 2 = 192.
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Table B-1. Effective sample size (ESS) by expected coverage and desired precision for the 95%
confidence interval (CI)

Expected Coverage

Precision

for 95% CI 15% 20% 25% 50-710% 175% 80% 85% 90% 95%
+3% 354 518 663 788 892 1,097 892 788 663 518 354
+4% 227 315 394 461 517 622 517 461 394 315 227
+5% 162 216 265 306 340 401 340 306 265 216 162
+6% 132 160 192 220 242 280 242 220 192 160 132
+7/% 110 125 147 167 182 207 182 167 147 125 110
+8% 93 101 117 131 143 159 143 131 117 101 93
+9% 81 83 96 106 115 126 115 106 96 83 81
+10% 70 70 80 88 95 103 95 88 80 70 70

Note 1. These sample sizes are consistent with the sample size equations on page 35 of Fleiss, Levin, and Paik (2003), Statistical
Methods for Rates and Proportions, 3rd edition, John Wiley & Sons, Inc., Hoboken, New Jersey. Note that within any row, the ESS
does not change for coverage levels between 50% and 70%. This is not a mistake in the table, but rather a result of using
a conservative upper bound of k = 1 in calculations for these values. As p moves away from 50%, k can be scaled down to
something < 1 and a reduced sample size results.

Note 2. The values of ESS in Table B-1 have this property: If a survey sample has an ESS greater than or equal to the value in the
table and if the estimated coverage is equal to the value at the top of the column, then neither side of a 95% Wilson confidence
interval with continuity correction (the interval recommended in Fleiss et al.) will be longer than the precision listed at the left
edge of the table. For example, see Figure B1-3 for a graphical depiction of the 95% Cl when ESS =70 and estimated coverage
is 95%. Note that neither the short portion of the 95% CI (the upper portion in this case) nor the long portion of the 95% Cl (the
long portion is always the portion that points toward 50%) will be longer than 10%. If neither the upper nor lower portions are
longer than 10%, then the two portions together will certainly not be longer than 20%.

Note 3. Recall from the 2005 EP/ Cluster Survey Guidelines that when the design effect is 2, a sample of 30 x 7 = 210 will yield
confidence intervals no wider than +£10%. The highest entry in this table for a precision of + 10% is 103. If we multiple 103
by a design effect of 2, we obtain a total sample size per stratum of 206, which is essentially the same as 210. So Table B-1 is
consistent with the 2005 £P/ Cluster Survey Guidelines in that historically important respect.
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Note 4. For coverage between two values in the table, to be conservative, look up the ESS for the expected coverage that is
closer to 50%. For example, if expected coverage is 73%, look up the ESS using 70%. If expected coverage is 23%, then look
up the ESS using 25%.

Note 5. Table B-1 assumes that the population of eligible respondents is very large. When studying coverage in strata with
small populations (for example, on a small island), it may be possible to achieve the desired precision with a smaller sample
by incorporating a so-called finite population correction. Calculate the effective sample size using Table B-1 and estimate the
total target population for the survey (N) (population of children aged 12—23 months in the stratum) and then calculate the
revised £.5.5 using the following formula:

ESS
ESS — 1
1+ ="5—

ESS' >

Note that when the target population Nis large compared with the £.5.5 from Table B-1, then £.55” (corrected effective sample
size) will be essentially equal to £.55. But if ESSis an appreciable proportion of Nthen £S5 will be smaller than £ and
the difference may result in a less expensive survey. Check with a sampling statistician; if the finite population correction is
appropriate, use the value of £5.57 rather than £S5 for the factor A in subsequent calculations in this annex. Note that if
the finite population correction is used to determine sample size, it should also be incorporated into the analysis. Be sure to
specify the right options in the analysis software to incorporate N into the calculations.

Figures B1-1 through B1-3 illustrate the 95% confidence intervals that would be achieved with 24 of the samples from Table
B-1. Figure B1-1 shows eight estimated probability distributions where the sample proportion is 50%. Each distribution is
truncated at the limits of the 95% confidence interval. The figure also shows the 95% upper confidence bound and 95% lower
confidence bounds using small tick marks.

Figure B1-2 shows the comparable distributions that would result from samples where coverage was 80%, and Figure B1-3
shows comparable distributions for the designs from Table B-1 where sample coverage is 95%. Distributions with coverage
>50% are asymmetric, with the longer tail pointing toward 50%. The figures show that the designs in Table B-1 achieve the
precision goals specified along the vertical axis of the table.
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Figure B1-1. Inchworm plot with 95% confidence intervals for 8 samples where coverage = 50%

ESS =103 I |
I
ESS =126 - 4
I
ESS = 159 i |
|
ESS = 207 - . X
|
ESS =280 - | 4
ESS =401 - 3 |
ESS =622 . -
ESS = 1097 - - 4
I I I I I
40 45 50 55 60

Estimated Coverage %

Note: ESS = Effective Sample Size; distributions are plotted using equal areas, so those with narrow confidence intervals are taller than those that are wide.
For each distribution, the standardized area represents 95% confidence. The values of ESS in this figure correspond to those in Table B-1.
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Figure B1-2. Inchworm plot with 95% confidence intervals for 8 samples where coverage = 80%

ESS = 88 4
|
ESS = 106 - 1
|
ESS = 131 - 1
|
ESS = 167 - | 4
ESS = 220 - - | .
ESS = 306 - - | 4
ESS = 461 - - | 4
ESS = 788 - - | 4
| | | | |
70 75 80 85 90

Note: ESS = Effective Sample Size; distributions are plotted using equal areas, so those with narrow confidence intervals are taller than those that are wide.

Estimated Coverage %

For each distribution, the standardized area represents 95% confidence. The values of ESS in this figure correspond to those in Table B-1.
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Figure B1-3. Inchworm plot with 95% confidence Intervals for 8 samples where coverage = 95%

ESS =70 - =
|
ESS =81 - =
|

ESS =93 = | .
ESS = 110 - - | .
ESS = 132 - - | 4
ESS = 162 - - l 4
ESS = 227 1 - | -
ESS = 354 - - ‘ -

I
85 90 95 100

Estimated Coverage %

Note: ESS = Effective Sample Size; distributions are plotted using equal areas, so those with narrow confidence intervals are taller than those that are wide.
For each distribution, the standardized area represents 95% confidence. The values of ESS in this figure correspond to those in Table B-1.
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Table B-2. Effective sample sizes (ESS) to classify coverage as heing very likely BELOW a

programmatic threshold
alpha=10% alpha=5% alpha=10% alpha=5%
. power=80% power=80% power=90% power=90%

Programmatic

Threshold (%) Delta (%) ESS ESS ESS ESS
50 11,368 15,555 16,521 21,506
55 11,273 15,421 16,389 21,330
60 10,953 14,978 15,929 20,725
65 10,407 14,226 15,141 19,692
70 1 9,636 13,165 14,024 18,230
75 8,640 11,795 12,579 16,341
80 7,418 10,115 10,804 14,023
85 5,970 8,126 8,701 11,276
90 4,296 5,827 6,269 8,100
95 2,396 3,217 3,506 4,494
50 469 637 674 873
55 468 635 674 872
60 458 620 661 854
65 439 593 634 818
70 411 554 595 766
75 ° 374 502 542 696
80 328 438 476 609
85 272 362 397 504
90 208 272 304 382
95 133 169 196 241
50 121 163 171 221
55 122 163 173 222
60 120 161 171 220
65 116 155 166 213
70 110 146 158 201
75 10 102 134 146 186
80 91 119 131 165
85 78 101 113 141
90 62 79 91 111
95 44 53 64 77
50 55 74 17 98
55 56 74 78 100
60 56 74 18 100
65 54 72 17 97
70 15 52 68 74 93
75 49 63 69 87
80 44 57 63 79
85 38 49 55 68
90 32 40 46 56
95 24 28 35 41

Annexes
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Note 1. Programmatic threshold is the expected coverage level.

Note 2. Delta is the difference (+ or —) from the programmatic threshold, from which you want to be well powered to reject the
null hypothesis. For example, when £SS = 15,555, a classification based on an upper confidence limit will misclassify strata
with true coverage of 50% only 5% of the time, and will have 80% power to correctly classify strata with true coverage of 49%
or lower as having low coverage.

Note 3. This table conservatively provides ESS based on testing whether coverage is below a programmatic threshold (subtract
delta from the programmatic threshold). In some cases, the ESS would be slightly smaller if testing whether coverage is above
a programmatic threshold (adding delta to the programmatic threshold), as in Table B-3.

Note 4. For example, if the effective sample size is 146, from the column where alpha = 5%, and power = 80%, and programmatic
threshold = 70%, and delta = 10%, then we might say the following: If true vaccination coverage is at least as low as (threshold
—delta) = (70% — 10% = 60%) and we conduct numerous repeated surveys, each with an effective sample size of 146, when
we calculate 100% —alpha% = (100% — 5% = 95%) upper confidence bound for all those surveys, we expect 80% of them to
fall somewhere below 70%, leading to the correct and strong conclusion in at least 80% of those surveys, that we have 95%
confidence that the population coverage is below 70%.

Of course, in practice we do not conduct many repeated surveys in a single stratum, and we do not know the true underlying population

coverage figure, so we cannot know whether our classification is correct. Therefore, we power the survey to make it likely that the
classifications will be correct, and we accept the risk that some classification outcomes will be incorrect due to sampling variability.
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Table B-3. Effective sample sizes (ESS) to classify coverage as being very likely ABOVE a
programmatic threshold

alpha=10% alpha=5% alpha=10% alpha=5%
. power=80% power=80% power=90% power=90%

Programmatic

Threshold (%) Delta (%) ESS ESS ESS ESS
50 11,368 15,555 16,521 21,506
55 11,238 15,379 16,324 21,255
60 10,882 14,894 15,798 20,575
65 10,300 14,101 14,944 19,467
70 1 9,493 12,998 13,761 17,930
75 8,461 11,585 12,250 15,966
80 7,203 9,864 10,410 13,572
85 5,720 7,833 8,241 10,751
90 4,010 5,492 5,743 7,500
95 2,073 2,839 2,913 3,816
50 469 637 674 873
55 461 626 661 857
60 444 603 634 824
65 418 568 595 173
70 383 520 542 705
75 ° 338 460 476 620
80 285 388 397 518
85 222 302 304 398
90 149 203 196 259
50 121 163 171 221
55 118 159 166 215
60 113 152 158 204
65 105 142 146 190
70 96 129 131 171
75 10 83 113 113 147
80 69 93 91 119
85 51 70 64 85
50 55 74 77 98
55 53 71 74 95
60 51 68 69 89
65 47 63 63 82
70 42 56 55 72
75 36 48 46 60
80 28 38 35 46
70 5 52 68 74 93
75 49 63 69 87
80 44 57 63 79
85 38 49 55 68
90 32 40 46 56
95 24 28 35 41

Annexes
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Note 1. Programmatic threshold is the expected coverage level.

Note 2. Delta is the difference above the programmatic threshold (PT) from which you want to be well powered to reject the
null hypothesis. For example, when ESS = 11,368, a classification based on a 1-sided upper (100-alpha) = (100-10) = 90%
confidence limit will misclassify strata with true coverage >=50% no more than 10% of the time, and will have 80% power
to correctly classify strata with true coverage of 51% or higher as having high coverage. In other words, if the true coverage is
PT + Delta, then a survey of ESS will have at most a/pha misclassification errors and at least 1 — beta power.

Note 3. This table provides ESS based on testing whether coverage is above a programmatic threshold (add delta to the
programmatic threshold). In some cases, the ESS would be slightly larger if testing whether coverage is below a programmatic
threshold (subtract delta from the programmatic threshold), as in Table B-2.

Note 4. For example, if the effective sample size is 129, from the column where alpha = 5%, and power = 80%, and the
programmatic threshold = 70%, and delta = 10%, then we might say the following: If true vaccination coverage is at least
threshold + delta (70% + 10% = 80%), and we conduct numerous repeated surveys that each have an effective sample size of
129, when we calculate the 100% — alpha% (100% — 5% = 95%) lower confidence bound for all those surveys, we expect 80%
of them to fall somewhere above 70%. This leads to the correct and strong conclusion that in at least 80% of those surveys,
population coverage is 95% likely to be higher than 70%.
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Tahle C. Example clustering terms of design effects (DEFF) for coverage surveys

Average Respondents per Cluster (m)

1 10 15 Description
0 1 1 1 1 1 1 Uniform coverage
0.042 1 1.17 1.25 1.38 1.58 1.79 ICC = 1/24; very little variation in coverage
0.167 1 1.67 2 2.50 3.33 4.17 ICC = 1/6; conservative choice for SIA surveys
0.333 1 2.33 3 4 5.67 7.33 ICC = 1/3; conservative choice for Rl surveys
1 1 5 7 10 15 20 Some clusters 100% covered; all others 0%

ICC: Intracluster correlation coefficient. SIA: Supplementary Immunization Activity. RI: Routine immunization

Note 1. The clustering term of the design effect is calculated here as [1 + (m— 1) x /CC]. To estimate the design effect, the
clustering term is multiplied by an unequal weights term: [1 + CV 7].

Note 2. ICC = 0.042 refers to a plausible ICC value that may result after an excellent campaign.

Note 3. ICC = 0.167 refers to a value that is implicit but not stated in the 2005 EP/ Cluster Survey Guidelines: a design effect
of 2 in a self-weighted survey with 7 respondents per cluster implies that the ICC = 1/6 = 0.167. This is a direct result from
the equation in Note 1. This would reflect more variability in coverage than 0.042. We recommend this conservative choice for
planning a post-campaign survey if you do not have a strong reason to select another value.

Note 4. ICC = 0.333 refers to a more conservative value than 0.0167. In routine immunization surveys we sometimes observe
ICCs higher than the 0.167 value that was implicit in the 2005 document, so you may wish to use a conservative value of 0.333
to increase the likelihood that the value you observe in your survey data will be < the value that you use during survey planning.

Note 5. Consider the equation in Note 1. A smaller value of ICC will give a smaller value of DEFF which will result in a smaller
required sample size, so it may be tempting to assume a very small value. But remember that if the value of ICC that you observe
inyour survey is larger than the value that you assume in the sample size calculation, then your 95% confidence intervals may
turn out to be wider, or less precise, than you hoped they would be when you planned the survey.
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Table D. Number of households to visit to find an eligible child

Average Household Size

J.5*FF* 4.5
Years in Infant mortality*** Infant mortality***
cohort*  Birth rate** 55 40 25 55 25
25 13 12 12 10 10 10 8 8 8
1 30 11 10 10 8 8 8 7 7 7
35 9 9 9 7 7 7 6 6 6
25 4 3 3 3 3 3 2 2 2
4 30 3 3 3 2 2 2 2 2 2
35 3 3 3 2 2 2 2 2 2
25 2 2 2 2 2 2 1 1 1
9 30 2 2 2 1 1 | 1 1 1
35 1 1 1 1 1 | 1 1 1
25 1 1 1 1 1 | 1 1 1
14 30 1 1 1 1 1 | 1 1 1
35 1 1 1 1 1 | 1 1 1
*Number of years of eligible children in the cohort
**Birth rate per 1000 population
***Infant mortality rate per 1000 live births
****Household size means adults plus children

Table E. Inflation factor to account for non-response

Anticipated % of households with an eligible

child where no one will he at home or the

caretaker will refuse to respond Inflation factor for non-response (INunresponse)
0% 1
5% 1.05
10% 1.11
15% 1.18
20% 1.25

If the anticipated non-response is higher than 20%, it is likely not worth doing the survey. Remember the formula for the inflation
factor for non-response is | =100/(100 - P )

Nonresponse HH eligible and not respond”
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Annex B2: Sample size equations for estimation or classification

Tables B-1 through B-3 provide effective sample sizes (ESS) for common combinations of input parameters. Annex B2 provides
the underlying equations used to calculate the effective sample sizes in those tables. These equations can be used to calculate
the ESS using different input parameter values than those provided in the tables.

B2.1 Supporting calculations for Table B-1

The ESS necessary to meet the inferential goals of the survey is given by Equation B2-1 (Fleiss et al., 2003, p.35). Table B1-4
provides the ESS for a 95% confidence interval for several expected coverage and desired precision combinations. Equation
B2-1 can be used to calculate the ESS for other combinations of expected coverage, desired precision and confidence level.

Equation B2-1:

k zj_ 1 Zi_qsz +2
n ZJT;X/Z+ E—sz_a/z + %

where z,__is the standard normal distribution evaluated at 7—x and d is the desired half-width of the confidence interval
(for example, if you want the confidence interval to be no wider than = 10%, then d = 0.1). If 4 < 0.3, then ks calculated
according to Table K, where p refers to the expected coverage proportion. If d> 0.3 or if p is unknown, then use the conservative
k = 1. (Note: Fleiss defines d to be the full interval width while Equation B2-1 and Table B2-1 define d as the half interval
width!. This distinction accounts for the 24 factor in the equations in this manual compared to Fleiss’s. Also note that Fleiss
uses the notation z_for the critical value in his equations, which he defines as the critical value of the normal distribution
cutting off probability » in the upper tail. The critical value resulting from the definition used in this manual and the value
from the definition used by Fleiss are equivalent.)

Table K. Sample size determination for a confidence interval of pre-specified width

If p satisfies Then use

0<p<d k=8d(1-2d)
d<p<03 k=4(p+d)(1-p-—d)
03<p<0.7 k=1

0.7<p<l-d k=4(p—d)(I-p+d)
l-d<p<l1 k=8d(1-2d)

Note that the ESS does not change for coverage levels between 30% and 70%. When the coverage level is assumed to lie
outside the interval [30%, 70%], then a value of < 1 could be used to reduce the required effective sample size (see Table B-1
for examples).

For example, suppose a 2-sided 95% confidence interval is desired with 6% precision (d = 0.06). Also suppose that the
coverage probability is expected to be around 75%. Using the value

k =4(0.75 - 0.06)(1 — 0.75 + 0.06) = 0.8556 (from Table K), then:

1.96 + 2

08556 ~ 2419

2
> (08556)1.96° 1

2
—(2)1.96° +
(4)0.06 0.06

1 In this manual we use half-widths because they are more familiar in conversations about coverage survey design. We are more likely to say that we want to estimate
coverage with a 95% Cl no wider than = 5% than to say that we want a 95% Cl no wider than 10%.
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Round up to the nearest child whole number, so that the ESS is n > 242. With this ESS, if a simple random sample were taken,
then a 95% confidence interval will be at most £6% for any observed coverage value of coverage 75% or higher.

B2.2 Supporting calculations for Tables B-2 and B-3

If sufficient resources are not available to obtain very precise results in every stratum, it can be helpful to select a sample size
based on the power to use a 1-sided hypothesis test to classify coverage in those strata as being higher or lower than a fixed
programmatic threshold. Coverage will either be:

very likely lower than the programmatic threshold
very likely higher than the threshold, or
not distinguishable from the threshold with high confidence, using the sample size in this survey.

This design requires five input parameters to be specified in order to calculate the corresponding ESS. They are defined as follows:

1.

The programmatic threshold (PT or P)) is a coverage level of interest, such as might be the coverage target or the expected
coverage level.

. Deltais a coverage percent defining a distance from the programmatic threshold. If the true coverage is at least delta points

away from the programmatic threshold, then we pick a sample size likely to classify those districts as having coverage likely
different than delta. For example, if the programmatic threshold is 80% and delta is 5%, then when coverage is 80 — 5 =
75% (or lower) or 80 + 5 = 85% (or higher), you want the survey results to be very likely to show that coverage is very likely
lower or higher than 80%, respectively.

. Direction indicates whether you are specifying statistical power for correctly classifying strata with coverage delta percent

ahove the programmatic threshold, or delta percent below the programmatic threshold. If the threshold of interest is 80%
and you want to be very sure to correctly classify strata with 90% or greater coverage, then the direction is above and you
should use Table B-3 to look up the ESS. If the direction is below then use Table B-2. Note that the effective sample sizes in
B-2 are larger than those in B1-6, so the conservative choice is to use Table B-2 unless you are very focused on detecting
differences above the programmatic threshold.

. Alpha () is the probability that a stratum with coverage at the programmatic threshold will be mistakenly classified as

very likely to be above or below that threshold.

. Beta (B) is the probability that a stratum with coverage delta points away from the threshold will be mistakenly classified

as not different than the threshold. We call the quantity 100% — B the statistical power of the classifier.

Tables B-2 and B-3 provide the ESS for several combinations of these five input parameters. The steps below can be used to
calculate the ESS for other combinations of inputs (Fleiss et al., 2003, p. 32).

Step 1: Write down the values of the five input parameters defined above (programmatic threshold, delta, direction, alpha,
and beta).

Step 2: If testing whether coverage is below some threshold, calculate P, =P, —delta. If testing whether coverage is above
some threshold, calculate P, =P +delta.

Step 3: Use Equation B2-2 below to calculate 7" the ESS not corrected for continuity.
Step 4: Use Equation B2-3 below to calculate n; the ESS corrected for continuity.

Equation B2-2:
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where z,__ is the standard normal distribution evaluated at 1 —x.

! 2
n = 1+ [14+——mm
< \/ 71'|P1_P0|)

For example, suppose the coverage target level is 85% (that is, PT = 0.85), delta =10%, o = 5%, and B = 20% (power =
100% —20% = 80%). If it is desired to classify coverage as being very likely below the programmatic threshold, (direction is
below), then we calculate P,= 0.85-0.10 = 0.75 and find

Equation B2-3:

2

SN

0.75—-0.85

o [1.645w/0.85(1 — 0.85) + 0.842,/0.75(1 — 0.75)
n =2

12
‘ =90.6

Round #2'"up to the nearest child whole number and substitute it into Equation B2-3 to get

2
Sy s 2 = 100.8
=7 911075 —085]]

Round up again to the nearest child whole number so that the ESS is n>101. With this ESS, if repeated simple random samples
were taken from a population with true coverage 75% or lower, then the 100*(1 — o) = 95% UCB would fall below 85% in
at least 100%(1 — B) = 80% of the surveys. That is, the 1-sided hypothesis test would have at least 80% power to detect a
difference of at least 10%, and the probability of a Type | error (mistakenly concluding that coverage is < 85% when coverage
is truly > 85%) would be < o = 5%.

If you wanted to classify coverage as being very likely above the programmatic threshold (direction is above), then we calculate
P,=0.85+0.10 =0.95 and find

o [1. 645,/0.85(1 — 0.85) + 0.842,/0.95(1 — 0.95)
n =

0.95-0.85

)
‘ =594

Round #2'"up to the nearest child whole number and substitute it into Equation B2-3 to get

2
S (PR PO 2 — 696
= 601095 —085]] ~ >

Round up again to the nearest child whole number so that the ESS is 7z > 70. With this ESS, if repeated simple random samples
were taken from a population with true coverage 95% or higher, then the 100*(1 — 8) = 95% LCB would fall above 85% in at
least 100*(1 — o) = 80% of the surveys. That is to say, the 1-sided hypothesis test would have at least 80% power to detect
a difference of at least 10% in the upward direction, and the probability of a Type | error (mistakenly concluding that coverage
is > 85% when coverage is truly < 85%) would be < oo = 5%.
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Annex B3: Sample size equations for comparisons between places or subgroups,
or over time

Annexes B1 and B2 were concerned with designing a single survey to meet an inferential goal. Annex B3 explains how to calculate
the sample size for a survey that will conduct comparisons, either (1) between subgroups in a single survey (such as urban and
rural), (2) between two simultaneous surveys (one survey in each place, Province A and Province B), or (3) between results of
two surveys conducted at different time points (that is, changes over time). Comparing results over time could either mean two
future surveys (to be conducted at different time points) or a past survey and a future survey. Of the three types of comparison,
the first two are the most straightforward.

Regardless of the type of comparison, in order to make a meaningful comparison between surveys, many things about the two
surveys should be the same:

e Both surveys should use probability samples selected in the same manner, using the same eligibility criteria.

e Both should use similar methods of fieldwork and similar questionnaires and training. Both should have roughly similar
proportions of respondents who give evidence of vaccination by card and by caretaker recall.

In other words, the sources of non-sampling bias or error must be very nearly similar in order to attribute observed differences
to actual improvements in vaccination coverage. We do not recommend conducting a new, large, and expensive survey for which
the primary inferential goal is to measure change comparing with an earlier survey, if there are questions about the older survey’s
details of the implementation or the quality of the work.

If you are planning two surveys simultaneously among different subgroups, and can control the quality and implementation of
both, then sources of non-sampling bias or error are likely to be very similar in both surveys. There may be differences in ICC
between the two subgroups, and there may be differences in sample sizes; both are accounted for in the guidelines presented here.

Looking for differences in coverage over time works best when you are planning two future surveys, one now and another in several
years, so you can control the quality and implementation of both surveys. In that context, it may be possible to make meaningful
comparisons between surveys over time. The guidelines presented here can help plan for those situations. The comparison
is trickier when the earlier survey occurred in the past and you wish to do a new survey to show that coverage has improved.
Some aspects that affect the quality of the earlier survey may be undocumented and difficult to learn. Many aspects of the
two surveys may differ, so it will be challenging to draw a strong conclusion that observed differences in coverage are due
to underlying differences in population coverage, and not due to other differences in survey design and implementation.

The methods for calculating the sample sizes necessary to conduct comparisons between two future surveys (to be conducted
at different time points) are similar to the methods for calculating the sample sizes necessary to compare results between
subgroups in a single survey or in two simultaneous surveys (one survey in each place). The next section of this annex discusses
these methods. The methods for calculating sample sizes required to compare a past survey and a future survey are discussed
near the end of this annex.
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B3.1 Testing for differences in vaccination coverage between places or subgroups, or between
two future surveys

In this section, we use the term between places, which may be interpreted to mean between groups or between two surveys in
the future.

Table B-4 lists effective sample sizes for conducting two surveys of identical size for the purpose of detecting a statistically
significant difference in estimated coverage between the two places. The effective sample sizes listed in the table are for each
survey. The sample sizes are for a 2-sided test, where the null hypothesis is that coverage is the same in the two places, and
the alternative hypothesis is that coverage differs. As with earlier comparisons, alpha is the probability of making a Type |
error, or mistakenly concluding that there is a significant difference in coverage. Beta is the probability of making a Type |l
error, or mistakenly concluding there is no difference when in fact the population coverage difference between the two places
is at least delta. Delta is the amount of difference for which you hope to power the comparison, and P, is the value of coverage
that is lower, if there is any difference.

For example, if you conducted surveys in Provinces A and B, each of which had effective sample sizes of 1,291 respondents,
and expected coverage in one province was 70%, then you would have 80% power to detect a statistically significant difference
using a 2-sided test, if the true prevalence was 75% or higher in the other province. The probability of making a Type | error,
and mistakenly detecting a difference would be no more than alpha, or 5%.

The equations described in the text after Table B-4 give guidance on calculating sample sizes for parameters not covered in
the table, or for unequal sample sizes in the two places. Those equations help calculate the effective sample size (ESS) needed
to power the hypothesis test adequately. Use the equations listed in this section to calculate an ESS that will do the job, and
then refer back to Annex B1 of the annex to calculate items C (the design effect), D (the number of households needed to find
an eligible candidate), and E (the inflation factor for non-response). At that point you can substitute the ESS from this section
in for factor B, and proceed with the calculations listed under Step 6 in Annex B1.

Note that these equations are for conducting a 2-sided test. If two future surveys are to be conducted at different points z,__
in Equation B2-1. This will potentially result in smaller effective sample sizes.
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Table B-4. Effective sample sizes (ESS) for identically sized surveys using a 2-sided test for coverage
difference hetween two places or subgroups, or two future surveys

alpha=10% alpha=5% alpha=10% alpha=5%
Delta power=80% power=80% power=90% power=90%
P, (%) (% above P,) ESS ESS ESS ESS
50 31,109 39,440 43,013 52,730
55 30,738 38,969 42,500 52,100
60 29,749 37,713 41,129 50,418
65 28,141 35,672 38,903 47,687
70 I 25,915 32,846 35,820 43,904
75 23,071 29,236 31,880 39,070
80 19,609 24,840 27,084 33,186
85 15,528 19,660 21,432 26,251
90 10,829 13,695 14,923 18,265
95 5,512 6,944 7,558 9,228
50 1,273 1,605 1,747 2,134
55 1,248 1,574 1,713 2,092
60 1,198 1,511 1,644 2,008
65 1,124 1,417 1,541 1,882
70 ; 1,025 1,291 1,404 1,714
75 901 1,134 1,233 1,504
80 753 945 1,027 1,252
85 580 726 187 957
90 382 474 513 621
95 157 190 204 242
50 325 408 442 538
55 316 396 429 523
60 300 376 408 496
65 279 349 378 460
70 10 251 313 339 412
75 217 270 292 354
80 177 219 237 286
85 130 160 172 207
90 77 93 99 117
50 147 183 198 240
55 141 176 190 230
60 133 165 179 216
65 122 151 163 198
70 15 108 134 144 174
75 92 113 121 146
80 72 88 95 114
85 50 60 64 76

134



Annexes

Note 1. P, is the estimated coverage level from one of the two surveys.

Note 2. Delta is the difference above P, from which the survey should be well powered to reject the null hypothesis. If the
true coverage is P, + delta in one place, then a survey of ESS will have at most alpha probability of Type | error and at least
1 — beta power.

Note 3. This table provides the ESS required for both surveys when the ratio (#) of the sample sizes is 1:1 (that is, equal sample
sizes). If one place is slated to have a larger or smaller sample size than the other (that is, 7+ 1), then ESS from this table
should not be used, and the additional calculations described below are necessary.

Supporting Calculations for Table B-4

To calculate the sample size necessary to test for a difference in vaccination coverage between two places or subgroups, or

between two future surveys, use the following multi-step process (Fleiss et al., 2003, p. 76):

1. First, let the effective sample size for the first population be denoted by #z, and the effective sample size for the second
population be denoted by 772, (0<# <eo) where 7 is specified in advance.
Let P, be the sampled proportion of coverage from population 1, P, be the sampled proportion of coverage from population
2,and P = (P+P,)/(r +1). If the underlying proportions of the two populations are not different, then the chance of falsely
concluding that there is a difference is approximately o (the probability of a Type 1 error).
Also, if the underlying proportions of population 1 and population 2 are in fact P, and P, = P, then the chance of correctly
concluding that the two proportions are different is 1 — 8 (the power of the test). Thus, the required effective sample size
for the first population (without the use of the continuity correction) is computed using Equation B3-1.

Equation B3-1.

(1 GFDPA—P) + 2 p TP A - P) T KA~ B}
(P, — Pp)?

n12

The required effective sample size for the second population (without the use of the continuity correction) is then computed
using Equation B3-2.

Equation B3-2.

ny, =rny’

2. Next, a continuity correction is applied to z,"to provide the desired significance level and power. Thus, the required effective
sample size for the first population is computed using Equation B3-3. Note that this value corresponds to the value that is
written in Box B from Step 2 in Annex B1.

Equation B3-3.
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The required ESS for the second population is then computed using Equation B3-4, and added to Box B as well. Again, note
that this value corresponds to the value that gets written in Box B from Step 2 in Annex B1.

Equation B3-4.

n, = my

3. Finally, the required cluster survey sample size for the two populations will be scaled to account for the cluster sampling
design. After estimating the ICC and CV_ for each population, the DEFF for each population can be computed for a given
m (the number of children sampled per cluster) using Equation B3-5. Note that these values correspond to what would be
written in Box C from Step 3 in Annex B1.

Equation B3-5.

The required cluster survey sample sizes for the two populations, taking into account the cluster design, are computed using
Equation B3-6. Note that this calculation is the result from multiplying the values from Box B and Box C in Annex B1. Also
consider multiplying the factors that account for the number of households that need to be visited in order to find an eligible
respondent (Box D from Step 4 in Annex B1), and an inflation factor for nonresponse (Box E from Step 5 in Annex B1), by the
results from Equation B3-6 to get a more accurate idea of the cluster survey sample size required.

Equation B3-6.

Nicluster = DEFFl * Mg

Nacluster = DEFFZ * My

For example, suppose two strata within a country are to be compared to each other to test whether coverage in one stratum is
10% higher than coverage in the other. Suppose that one stratum is likely to have estimated coverage of 70%, and that you
want to set alpha as (« = 0.05), meaning that there is no more than a 5% probability of the test incorrectly concluding that
the two strata have a coverage difference when in fact they do not. You also want at least 80% probability (3 = 0.2) that the
test will correctly conclude that there is a coverage difference when the true difference is at least 10%.

Suppose the sample in the second stratum should be 1.5 times the size of the first strata (7 = 1.5). First calculate
P=(P,+1rP,)/(r+1)=(0.7 +1.5*0.8)/(1.5 + 1) = 0.76. Using Equations B3-1 and B3-2, calculate

2
{1.96\/(1.5 +1)0.76(1 — 0.76) + 0.842,/(1.5)0.7(1 — 0.7) + 0.8(1 — 0.8)}

= 241.6
1.5(0.8 — 0.7)2

nll =

n,' = (1.5)242 = 363
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Round up and substitute 7z, "into Equation B3-3 and B3-4 to get

2
. 2(1.5+ 1) _ 5584
294(1.5)[0.8 — 0.7|| — '

242
=

n, = (1.5)259 = 388.5

Thus, after rounding up to the nearest whole number, the ESS for the first stratum with estimated coverage of 70% is 72, > 259
and the ESS for the second stratum is 7z, > 389. (Note that these values correspond to values that could be written in Box B in
Step 2 in Annex B1. In order to obtain the required cluster survey sample size, the ESS would need to be multiplied by values
corresponding to Boxes C through E in Annex B1.)

B3.2 Testing for an increase in coverage over time, when the earlier survey was conducted in
the past

Subject to the warnings described above about the difficulty of comparing coverage between two surveys conducted at different
times by different teams and methods, this section of the annex gives guidance for sizing a survey for a 1-sided comparison
between two surveys with coverage measured at an earlier time for one of the surveys.

In contrast to the previously described comparisons, this task offers far less flexibility. When two surveys are to be compared and
one of them has already been conducted, then there is no flexibility in the effective sample size needed to meet the inferential
goals of the comparison study, as the effective sample size from the first study is already locked in and not negotiable. If the
effective sample size required of the second survey to meet the inferential goals is too large and therefore too expensive or time
consuming, the inferential goals will need to be modified.

For example, if a country is planning to conduct two future surveys at different time points such that the results can be compared,
the survey planners could decide to (1) conduct two equally sized surveys, (2) conduct a large survey first and then a smaller
survey to follow or (3) conduct a smaller survey at first and a larger survey later. Depending on the budget and the timeline,
there is great flexibility planning these two surveys such that the inferential goals are met. When one survey has already been
conducted, there is no flexibility in the effective sample size needed to meet the inferential goals of the comparison study
because the effective sample size has already been set.

The equations below help calculate the effective sample size (ESS) needed to power the hypothesis test adequately. Use the
equations listed in this section to calculate an ESS that will do the job, and then refer back to Annex B1 to calculate items C
(the design effect), D (the number of households to find an eligible candidate), and E (the inflation factor for non-response).
At that point you can substitute the ESS from this section in for factor B, and proceed with the calculations listed under Step
6 in Annex B1.

To calculate the cluster survey sample size necessary to test for an increase in coverage over time since an earlier survey, use
the following multi-step process (Fleiss et al., 2003, pp. 72, 78). (Note that the equation in Fleiss tests for a difference over
time, and so a critical value associated with a 2-sided test is used. This manual is testing for an increase in coverage over
time, so a 1-sided critical value is used.)

1. First, assume that the effective sample sizes from the two surveys 72 and 72, are equal to a common 7z (Corrections to account

for unequal effective sample sizes will be made in a later step.) Let P, be the sample coverage propor’[ion_from sample 1
(the earlier survey), P, be the sample coverage proportion from sample 2 (the survey being planned), and P = (P +P,)/2.
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If the underlying proportion from sample 2 is not greater than the underlying proportion from sample 1, and coverage did
not increase over time, then the chance of falsely concluding that proportion 2 is greater than proportion 1 is approximately
o (the probability of a Type 1 error). Also, if the underlying proportions of sample 1 and sample 2 are in fact P, and P, > P,
then the chance of correctly concluding that proportion 1 is less than proportion 2 is 1 — 8 (the power of the test). So the
required effective sample size from each of the two compared populations (without the use of the continuity correction) is
calculated using Equation B3-7.

Equation B3-7.

{21-ad2PA=P) + 21_p/Pi(1 = Pp) + P,(1 — PZ)}2

(P, = Pp)?

n' >

2. Next, a continuity correction is applied to 72'to provide the desired significance level and power. Thus, the required effective
sample size from each of the two populations being compared is calculated using Equation B3-8.

Equation B3-8.

2

NS

nz=

’ 4
1+ (14—
n'|P, — Py|

3. Now use the effective sample size from the first survey, which has already taken place and is presumably known. (If the
effective sample size is not listed in the survey report, see the notes at the end of this section for methods of calculating the
ESS from the earlier survey.) This adjusts #zin Step 2 to allow the effective sample sizes in the two surveys to be different.
Let the effective sample size from the first survey (old survey) be denoted by 72

lknown.

First, determine whetherzz,, is the effective sample size (that is, the sample size necessary to obtain results if a simple
random sample were taken) or the actual sample size of the cluster survey. If it is the effective sample size, then let 72,=72,,
If it is the actual cluster survey sample size, then the effective sample size is calculated as 7#,=7,, /DEFF. (See the
section “Calculating the ESS from an old survey report” in this annex for more details on calculating this important quantity.)

After you determine the effective sample size, 72, use 7 as calculated in Step 2, to calculate 7 in Equation B3-9.

Equation B3-9.
n

r =
2n; —n

If 72,< n /2, no positive value for 7 exists and the study as planned should be abandoned. Consider making adjustments to
some of the assumptions to get a positive value of for 7. For example, the power could be reduced or the values of P, and P,
could be moved farther apart.

If a positive value for #exists, then the resulting effective sample size for the second survey (the new survey) is calculated using
Equation B3-10. Note that this value corresponds to the value that gets written in Box B from Step 2 in Annex B1.
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Equation B3-10.

Ny, =271 *ny

4. Finally, the required cluster survey sample size for the second survey will be scaled to account for the cluster sampling
design. After estimating the ICC and CV, calculate the DEFF for a given 77z (the number of children sampled per cluster)
using Equation B3-11. These values correspond to what would get written in Box C from Step 3 in Annex B1.

Equation B3-11.
DEFF =[1 + (m — 1)XICCI[L + CV 7]

The resulting cluster survey sample size for the second (new) survey, taking into account the cluster design, is computed
using Equation B3-12. Note that this calculation is the result of multiplying the values from Box B and Box C in Annex B1. Also
consider multiplying factors that account for the number of households needed to that need to be visited in order to find an
eligible respondent (Box D from Step 4 in Annex B1) and an inflation factor for nonresponse (Box E from Step 5 in Annex B1) by
the result from Equation B3-12, to get a more accurate cluster survey sample size figure.

Equation B3-12.

Naciuster = DEFF * 1,

For example, suppose a country conducted a survey a few years ago and the estimated coverage was 70%. Suppose it was
desired to conduct another survey and test if the coverage had increased over time to 80%, with no more than a 5% probability
of incorrectly concluding that it had increased when in fact it had not (o« = 0.05), and at least 80% probability of correctly
concluding that it had increased (B = 0.2). First calculate P= (0.7+0.8)/2 = 0.75. Using the equation in Step 1, we calculate

1.645,/2x0.75(1 — 0.75) + 0.842,/0.7(1 — .07) + 0.8(1 — 0.8)
(0.8 -0.7)

!

2
] = 230.9.

Round 72" up to the nearest child whole number and substitute it into the equation in Step 2 to get

2

231 4
nz (T) [1 + \/1 + (231]0.8-0.7D| 250.6

Round up again to the nearest whole number, so that the total ESS for the two surveys is 7z >251. Further suppose that the
ESS of the first survey is not known, but the cluster survey size was 400 with a DEFF = 2.3. Proceeding to Step 3, the ESS for
the first survey is calculated as

n1=@=174 and r = 251

2.3 ((2x174)-251) =26
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Thus the ESS for the new survey, rounding up to the nearest whole number, is 1, 22.6 x 174 = 453.

This is the ESS needed for the upcoming survey to meet the inferential goals of the survey (that is, the value from Box B in Step
2 in Annex B1). In order to obtain the required cluster survey sample size, the ESS would need to be multiplied by the values
corresponding to Boxes C through E in Annex B1.

Calculating the ESS from an old survey report

Because the earlier survey’s effective sample size is required for the calculations described above, one potential challenge is

how to calculate it. Use the following equations to do so, depending on the information available.

e (Calculate ESS given N and DEFF: If the total cluster survey sample size is listed, along with the design effect (DEFF), then
the effective sample size is the total sample size divided by DEFF.

e (alculate ESS given N and DEFT: Sometimes rather than reporting DEFF, DHS and other surveys report DEFT, which is the
square root of DEFF. In that case the effective sample size is the total sample size divided by DEFT-squared.

e (Calculate ESS given N, p1, and the 95% Cl: If the DEFF is not listed, but a symmetrical Wald 95% confidence interval for
vaccination coverage is listed, along with the total survey sample size, then:

» Let Nbe the total cluster survey sample size from which coverage was calculated in the earlier survey.
» Let p, be the survey coverage estimate from the earlier survey, divided by 100: 80% / 100% = 0.8.

» Let FCW (full confidence width) equal the full width of the 95% confidence interval, expressed in proportions, so a Cl of
63% to 73% would be a FCWof (73% —63%) /100% = 0.1.

Then the ESS for the earlier survey is:

_3.92,/p1(1 —pDN
- FCW

ESS
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Annex C: Survey budget template

Table C-1. Simple template to estimate the required budget

Template Coverage Survey Budget

Consultant

UNIT COST (USD) QUANTITY
x per x months at x salary level

Annexes

TOTAL (USD)

Per diem per x days

Travel (x trips)

Field Coordinator

x per x months at x salary level

Per diem per x days

Travel (x trips)

Accident insurance (for field work)

X person x month

Technical Planning Committee

Development of Standard Operating Procedures (SOPs)

Production of SOPs

Training

Training venue

Refreshments/lunch

Equipment rental

Travel (air fares)

Per diem

Videos of interviews for training

Supplies

Field materials (pens, pencils, plastic bags to keep
forms, folders, envelopes for forms, etc)

Numbering stamp

Internet access

Printer and photocopies

Stationery

Development of maps

Phone cards

Mobile devices

Cameras

GPS devices

Field Staff (Interviewers and supervisors)

Salaries

Per diem

Transportation

Data Entry Clerks

Questionnaire double entry

entries

Computers for data entry clerks (laptops)

Per diem

x days x persons
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Template Coverage Survey Budget
Data Entry

UNIT COST (USD) QUANTITY

TOTAL (USD)

Data entry clerks

Flash drives

Data Analysis

Contracting of statistician

Report Writing and Dissemination

Printing final report

Meeting logistics

Social mobilization

Media release

Dissemination meeting

Meeting venue

CDs or USBs

SUB-TOTAL

Coordination visits

Per diem x days x persons x trips

X trips x airfares

SUB-TOTAL

TOTAL

For more comprehensive and detailed budget templates see examples from:

DHS: https://www.k4health.org/toolkits/dhs
MICS: http://mics.unicef.org/tools
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Annex D: An example of systematic random cluster selection without replacement
and probability proportional to estimated size (PPES)

D.1 Introduction

This annex provides a worked example of how to randomly and systematically select, without replacement, 15 clusters for a
survey in a given stratum, using probability proportional to the estimated number of households per cluster. The sampling
frame consists of a list of census enumeration areas (EAs). In this example, they are numbered 1-45 by the census bureau.

If the sample had been done with replacement, it would mean that, theoretically, any EA could be selected into the sample two
or more times. Because the sampling described here is systematic, and because we recommend segmenting large EAs so that
none are sampled with certainty, the sampling here is without replacement. This annex discusses the benefits and disadvantages
of sampling large clusters with certainty, and also gives tips for auditing the cluster selection process.

D.2 Example of cluster selection

The example described in this section demonstrates cluster selection using systematic selection without replacement and
demonstrates probability proportional to estimated size (PPES), with implicit urban/rural stratification and pre-segmentation
of large clusters to avoid selection of any EA with certainty.

Implicitly stratify the sample

In this example, the survey designers have decided to stratify the sample implicitly by urban/rural status. That is, they want
the ratio of urban to rural respondents in the survey to match the ratio of urban to rural population in each stratum. Implicit
urban/rural stratification is usually a good idea; it makes the sample proportions representative of the population proportions,
even if the survey is not examining urban vs. rural distinctions as a primary goal.

Table D-1 lists the 45 EAs in the stratum, along with the estimated number of households in each and an indicator for urban/rural
status. Suppose that there will be 15 clusters in this survey, and that to yield an adequate number of completed questionnaires,
the survey design calls for visiting 35 households in each cluster.

When using systematic sampling, first list the EAs in a pre-specified order to facilitate auditing later on. For this example,
we will sort the list with all the urban EAs listed at the top and the rural EAs afterward. This creates an implicit urban/rural
stratification. Within the urban and rural categories we will sort the list by EA number. Table D-2 shows the re-sorted table,
with an additional column for cumulative number of households (HH).
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Table D-1. List of the 45 enumeration areas in the stratum, including urban/rural status

# of HH in the Urban/Rural # of HH in the Urban/Rural

EA# EA Status EA# EA Status
1 78 R 23 41 U
2 27 R 24 125 R
3 118 R 25 13 R
4 101 R 26 147 R
5 103 R 27 183 U
6 150 U 28 38 R
7 95 R 29 87 R
8 101 R 30 300 U
9 34 U 31 186 U
10 87 R 32 30 R
11 28 R 33 44 R
12 309 U 34 165 U
13 45 R 35 96 R
14 38 R 36 112 R
15 179 U 37 17 U
16 51 R 38 34 R
17 23 R 39 135 R
18 64 R 40 13 R
19 91 R 41 123 R
20 30 R 42 37 R
21 40 R 43 89 R
22 53 R 44 112 R
45 61 U
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Table D-2. Enumeration areas sorted by urban/rural status and by EA Number

Cumulative
EA# HH Urban/Rural HH
6 150 150
9 34 184
12 309 493
15 179 672
23 41 713
27 183 Urban 896
30 300 1,196
31 186 1,382
34 165 1,547
37 17 1,564
45 61 1,625
1 78 1,703
2 27 1,730
3 118 1,848
4 101 1,949
5 103 2,052
7 95 Rural 2,147
8 101 2,248
10 87 2,335
11 28 2,363
13 45 2,408
14 38 2,446

Combine small EAs and divide large EAs

EA# HH
16 51
17 23
18 64
19 91
20 30
21 40
22 53
24 125
25 73
26 147
28 38
29 87
32 30
33 44
35 96
36 112
38 34
39 135
40 13
41 123
42 37
43 89
44 112

Urban/Rural

Rural

Annexes

Cumulative
HH

2,497

2,520

2,584

2,675

2,705

2,745

2,798

2,923

2,996

3,143

3,181

3,268

3,298

3,342

3,438

3,550

3,584

3,719

3,792

3,915

3,952

4,041

4,153

The next step is to consider combining small EAs and splitting very large EAs. Table D-2 indicates that there are an estimated
4,153 households altogether in this sample. We wish to select 15, so the sampling interval will be 4153/15 = 276.86, rounded

down to 276 households.

In Table D-3 below, we combine any EAs with fewer than 35 households with another EA that is a geographic neighbour (selected
with assistance from someone familiar with the local geography), and make a single combined entry in the table. This will
help ensure that field staff will find at least 35 households in the cluster if it is selected, and therefore will not compromise

the desired sample size.

In addition, before sampling we split any EAs in the list with more than 276 households, to keep any EA from entering the sample
“with certainty”. EAs that are sampled with certainty need special handling during analysis, and their results do not contribute
to estimates of the sampling variability in the study. It is good to avoid this complication, so we will split those EAs into smaller
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units with fewer than 276 households, and make a separate entry in the sampling frame for each portion of the split EA. To split
an EA, look at a map and divide it logically, maybe into northern and southern portions, or into quadrants. It may be possible
to use satellite maps or census maps to estimate the number of households in each portion after the split.! Note that if one of
these portions listed in the sampling frame is selected, it may need to be segmented yet again at a later stage, to get the size
down near 35 households (as described in section 3.6.3). The split at this stage does not need to be down into portions as small
as 35 households — we do not want to go to all the work of segmenting EAs down to 35 households if they are not selected into
our sample. At this stage, simply partition the large entries in the frame into entries with fewer than 276 households.

Table D-3 lists the same clusters as in Table D-2, this time with some grouped together and some (EAs 12 and 30) split into
two parts. You may wish to separate the portions of large EAs in the list so they are not adjacent. If they are adjacent, one or the
other will be selected with certainty because the sum of their households is larger than 276. If you wish to introduce a chance
that those large EAs are not selected into the sample, separate their entries in the frame by giving one of them a number that
puts it at the bottom of the list. For example, instead of using the numbers 12B and 30B, those EAs might be given the numbers
15B and 34B for purpose of sorting the frame.

Table D-3. List of clusters to select from, with cumulative number of households

Cumulative Cumulative
HH Urban/Rural HH HH Urban/Rural HH
6&9 184 184 16 & 17 74 2,520
12A 155 339 18 64 2,584
12B 154 493 19 91 2,675
15 179 672 20 & 21 70 2,745
23 41 713 22 53 2,798
27 183 Urban 896 24 125 2,923
30A 170 1,066 25 13 2,996
30B 130 1,196 26 147 3,143
31 186 1,382 28 38 3,181
34 165 1,547 29 87 Rural 3,268
37 & 45 78 1,625 32&33 74 3,342
1&2 105 1,730 35 96 3,438
3 118 1,848 36 112 3,550
4 101 1,949 38 &40 107 3,657
5 103 2,052 39 135 3,792
7 95 Rural 2,147 41 123 3,915
8 101 2,248 42 37 3,952
10&11 115 2,363 43 89 4,041
13 45 2,408 44 112 4,153
14 38 2,446

1~ Ifthere is insufficient information at hand to allocate the households based on data, split them evenly between the segments and then if the EA is selected, visit it and
use what you learn in the visit to draw segment boundaries that accomplish the even allocation of households into each segment.
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Select clusters

We are ready to begin selecting clusters. The next step is to select a random number between 1 and 276 and identify which
cluster it falls in. To select the random number, you can use Microsoft Excel with the formula =RANDBETWEEN(1,276). Be sure
to record the result somewhere for the permanent record, as the random number will change every time you refresh.

In this example, assume the equation yielded a random starting number of 107. The household with cumulative number 107 falls
in EA 6 and 9. This is the first cluster selected for our sample. The second is identified by adding 276 (the sampling interval)
to 107, which yields 383. Household 383 falls in EA #12B. We go on adding 276 to the running total time after time, until we
have selected a total of 15 numbers systematically. Table D-4 shows which 15 clusters were selected.

Table D-4. List of clusters to select from, and those selected

Selected HH#
Cumulative After adding the sampling interval
Urban/Rural HH (Running Sum) Cluster ID
6&9 184 184 107 1
12A 155 339
12B 154 493 383 2
15 179 672 659 3
23 41 713
27 183 Urban 896
30A 170 1,066 935 1
30B 130 1,196
31 186 1,382 1,211 5
34 165 1,547 1,487 6
37 & 45 78 1,625
1&2 105 1,730
3 118 1,848 1,763 7
4 101 1,949
5 103 2,052 2,039 8
7 95 2,147
8 101 2,248
10& 11 115 2,363 2,315 9
13 45 2,408
14 38 Rural 2,446
16 & 17 74 2,520
18 64 2,584
19 91 2,675 2,591 10
20&21 70 2,745
22 53 2,798
24 125 2,923 2,867 11
25 73 2,996
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Selected HH#
Cumulative After adding the sampling interval
Urban/Rural HH (Running Sum) Cluster ID
26 147 3,143 3,143 12
28 38 3,181
29 87 3,268
32 &33 74 3,342
35 96 3,438 3,432 13
36 112 3,550
38 &40 107 3,657
39 135 3,792 3,708 14
41 123 3,915
42 37 3,952
43 89 4,041 3,984 15
44 112 4,153

Note that 1,625/4,153 or 39.1% of households are urban in this stratum. In the sample, 6/15 or 40% of clusters come from urban
EAs. The implicit stratification is successful because the proportion of urban clusters selected mirrors the proportion of urban
households in the stratum. The final proportion of urban respondents with completed survey responses in the analysis dataset
will not be known until the survey is complete, but this selection process makes it likely that it will be somewhere near 39%.

D.3 Auditing considerations
Discuss the sampling options with a statistician to determine the features you would like to include in the survey. Whatever
decisions you make, be sure to document carefully so your process is clear in case the process is audited.

It is not strictly necessary to combine small EAs before sampling, but failing to do so may yield a sample that is smaller than
the target that was calculated to reach the inferential goal, as the maximum number of respondents cannot be achieved. This
might lead to results less precise than planned.

It is also not strictly necessary to split large clusters that would be selected with certainty, but doing so makes the analysis

simpler and allows those clusters to contribute to estimates of sampling variability, which they would otherwise not do, so it
is probably worthwhile.
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Finally, it is not strictly necessary to use systematic random sampling. Any other system of probability sampling would be
acceptable, but systematic sampling has the advantage that the method is easy to audit. Anyone can re-open the spreadsheet
and examine the random number, sampling interval, and selected clusters. Sort clusters in alphabetic order by EA name or
numeric order by EA identifier, so there is no possibility whatsoever that anyone could tamper with the cluster selection list and
hand pick the clusters in the sampling plan.? An audit of tampered cluster selection would show that the sample frame was not
sorted properly from the start, or that the sampling interval was not respected. Therefore, systematic sampling is advisable if
the survey steering committee wishes to audit the cluster selection process and ensure that clusters are selected in a random
fashion.

D.4 Weighting considerations

Regardless of the method used for random cluster sampling, the materials used to select clusters should be made available to
the project statistician to use when calculating sampling weights. The probability of selection for each cluster must be calculable,
as they are used to calculate weights. If EAs were combined or split, that information must be available, too.

If applicable, the materials used to further segment the clusters must be made available as well. If a cluster with 70 households
was split into two segments and one was randomly selected, the sampling weights need to account for that. The cluster selection
process should be well documented, and all the materials used to conduct it should be carefully preserved and made available.

D.5 Analysis considerations

Because the statistical software needs to account for the sampling design, it is important to specify whether cluster selection
was done without replacement, as in the example described, or with replacement. The appropriate syntax should be used to
accurately reflect whether sampling was with or without replacement, and whether any clusters were selected with certainty.

2 Itis possible to introduce another pre-specified sort order that mixes up the portions of large split EAs, so that it is no longer certain that one portion or the other will be
selected. The primary importance of a clear and consistent sorting pattern is to make auditing very straightforward.
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Annex E: How to map and segment a primary sampling unit

This is adapted from the guidance provided in the DHS Sampling and Household Listing Manual at http://dhsprogram.com/
pubs/pdf/DHSM4/DHS6_Sampling_Manual_Sept2012_DHSM4.pdf. According to WHO recommendations, primary sampling
units (PSUs) will usually be census enumeration areas (EAs).

Maps of the clusters selected for the sample are needed first of all to enable field teams to ensure that they remain within the

cluster boundaries. Further use of maps, which requires more detailed maps, is indicated in two circumstances:

1. In a single-stage sample, more detailed maps are needed ONLY FOR PSUs OF LARGE POPULATION SIZE in order to segment
them.

2. In a two-stage cluster sample, in which there is a stage of household listing followed by selection of a random or systematic
random sample of households within the cluster, more detailed maps are needed for ALL SELECTED CLUSTERS, in order for
field teams to be able to locate the households that have been selected and to complete questionnaires for those where a
person in the target age group resides or slept there the previous night. Household listing may be preceded by segmentation
of large PSUs.

There is no standard threshold for the size of an EA that needs to be segmented, or for segment size. The final decision to
segment an EA, and the number of segments to be created, must be made by the survey coordinator, and will depend in part on
the target number of questionnaires to complete, the target age group, the birth rate and the average household size.

For example, if the sample size calls for questionnaires to be completed for 10 children aged 12—23 months in each cluster, in
a setting where the birth rate is 40/1000 population and average household size is five, and where infant mortality is 100/1000
live births, then on average 60 households are needed to complete 10 questionnaires on children aged 12—23 months, and
segmentation may be considered in EAs of more than 120 households.

In a setting with a lower birth rate of 20/1000 population, average household size of 4 and infant mortality of 30/1000 live
births, allowing for a non-response rate of 10%, on average a total of 143 households needs to be visited to complete 10
questionnaires (see Annex B1, steps 4 and 5 for how this is calculated). In this case, if an EA has 150-200 households, it
is not worth segmenting the EA because the time needed to construct adequate maps would likely be more than the time
needed to visit the entire EA and enrol all eligible persons. If the EA has more than 200 households then it is likely to be worth
considering segmenting the EA, the number of segments depending on the estimated number of households in the EA. If there
are approximately 200 households, then the EA can be divided into 4 segments and one of the segments selected randomly for
exclusion from the cluster (although the smaller the segment, the more difficult it may be to create segments on the map that
have clear and easily identifiable boundaries and it may not always be feasible to create appropriate segments). If there are
approximately 300 households in the EA, then the EA can be divided into two segments and one of the two selected at random
for exclusion from the cluster.

To segment an EA, you will need maps showing the EA boundaries, the approximate location, number and type of structures,
and identifying features such as roads, rivers, railway tracks, electricity or telephone lines that can be used to create logical
segments whose boundaries will be identifiable in the field.

As described in Chapter 3, the survey coordinator will obtain maps of the selected EAs from the census office. These maps will

vary from country to country in completeness and quality. In some cases, they may be sufficiently detailed to allow segmentation
directly on the map. If the maps have GPS coordinates and there are good Google Earth or other images available for that
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country, you can superimpose the GPS coordinates on Google Earth to do the segmentation, for example, in the office of the
central coordinator or statistician.

In other cases, only a base map will be available that describes the geographical location and boundaries of an EA, and a field
team will need to visit the EA to draw a sketch map prior to segmentation.

To create a sketch map, a mapping team needs to take the following steps. Each step is elaborated further below.
1. Locate the EA.

2. Draw a location map (see below) that indicates the EA boundaries, the main access to the EA (including main roads), and
the main landmarks in the EA.

» Sometimes it may be useful to include some important landmarks in the neighbouring EA(s) to help distinguish the
boundaries of the EA from its neighbours.

3. Draw a sketch map (see below) of the EA showing the location and indicating the type of all structures in EA.
» This helps the coordinator to assess how many households are in different areas of the EA and thus draw segments
appropriately.
» In two-stage sampling, sketch maps also help the interviewer to relocate the selected households.

» A sketch map also contains the EA identification information, location information, access information, principal physical
features and landmarks such as mountains, rivers, roads and electric poles.

4. For EAs that are going to be segmented, the field coordinator draws suitable segments on the sketch map and selects one
segment randomly (using, for example, a random number table or computer program).

» This differs from practice in DHS and MICS where PPES sampling is used to select EAs.

» It is not necessary to know how many households are in the other segments that are not selected into the sample — the
probability of selection of the segment is known (for example, if two segments were drawn on the map and one is selected,
then the probability of selection is 0.5; if four segments are drawn and one is randomly excluded, the probability of selection
of the remaining segments into the survey is 0.75). It is that probability that is used for weighting.

E.1 Locate the EA and draw the location map

The survey coordinator will obtain maps of the selected EAs from the census office. At a minimum, these will allow the team
to locate the EA and to verify the EA boundaries. Upon arrival the team should first contact the local authorities for help in
identifying the boundaries. In most cases, the boundaries follow easily recognizable natural features such as streams or rivers,
and construction features such as roads or railroads. In some cases, the boundaries may not be marked with visible features,
especially in rural areas. Attention should be paid to locate the cluster boundaries as precisely as possible according to the
detailed description of the EA and its base map. The team will make a location map (Figure 1) indicating the boundaries, the
main access roads or tracks, and the relative location of landmarks. GPS coordinates should be taken of the boundaries and
main landmarks.

The mapping of the cluster should be done in a systematic manner so that there are no omissions or duplications. If an urban
cluster consists of a number of blocks, the team should finish each block before going to the next adjacent block. Within each
block, start at one corner of the block and move clockwise around it. In rural areas where structures are frequently found in small
groups, the team should work in one group of structures at a time and in each group they can start at the centre (choosing any
landmark, such as a school, to be the centre) and move around it clockwise.
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In the first tour of the EA, the mapper will prepare a location map on the map information form. First, fill in the identification
box for the EA on the first page. The survey coordinator will provide all information needed for filling in the identification box.
In the space provided on the second page, draw a map showing the location of the EA and include instructions on how to get
to the EA. Include all useful information to find the EA and its boundaries directly on the map and in the space reserved for
observations if necessary.

Figure E-1. Example of a location map of an urban EA (from DHS sampling manual, 2012). Curvy red
line shows EA boundaries.
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E.2 Draw the sketch map of the EA

In the second tour of the EA, using the third page of the Map Information Form, the mapper will draw a sketch map of all
structures found in the cluster, including vacant structures and structures under construction. An example of a sketch map in
an urban area is shown in Figure E-2 and in a rural area in Figure E-3.

On the sketch map, mark the starting point with a large X. Place a small square at the spot where each structure is located;
note if the structure is a dwelling (even if you are not sure if that dwelling is occupied) or if it is a non-residential structure.
For any non-residential structure, identify its use (for example, a store or factory).

In some countries, dwellings are organized in compounds, which are premises usually enclosed by a wall, and having one or more
structural units with a common entrance. For the purposes of the sketch map, note the location of compounds; the coordinator
will obtain data on the average number of households per compound from the census office. In some urban areas, many people
and families live in informal dwellings such as tents or improvised shelters that may not have a complete physical structure.
Even though they are not strictly permanent dwellings, often families live in these areas for substantial periods of time. Every
effort should be made to include them in the sample. Note the location of these informal shelters on the sketch map and include
them on the household listing form.
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Add to the sketch map all landmarks (such as a park), public structures (such as a school or church), and streets or roads.
Sometimes it is useful to add to the sketch map landmarks that are found outside the cluster boundaries, if they are helpful in
identifying other structures inside the cluster. After segmentation and selection of one segment at random is completed, this
map will help teams to identify the correct segment and its boundaries.

Number all structures, including informal shelters, in sequential order beginning with 1. Whenever there is a break in the
numbering of structures (for example, when moving from one block to another), use an arrow to indicate how the numbers
proceed from one set of structures to another. Although it may be difficult to pinpoint the exact location of the structures on the
map, even an approximate location will be useful for finding them in the future.

For surveys with a two-stage cluster sample, the numbers of the structures on the sketch map should also be written on the
structures themselves so that field teams can locate the ones selected for the survey. Where appropriate, use the marker or
chalk provided to write on the entrance to the structure the number that has been assigned to the structure (the serial number
of the structure as assigned on the household listing form, which is the same as the number indicated on the sketch map). In
order to distinguish the number from other numbers that may exist already on the door of the structure, write “EPI” in front of
the number, for example, for the structure 5, write “EPI/5” and for structure number 44, write “EPI/44” on the door.

Figure E-2. Sketch map of the urban EA shown in Figure E-1
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E.3 Draw segments on the sketch map

In dividing an EA into segments, it is important to adopt segment boundaries that are easily identifiable. Segmenting urban
areas can be easier than segmenting rural areas because cities and towns are usually organized into blocks or some similar
units, and census enumeration maps are usually available showing streets and blocks.

153



World Health Organization vaccination coverage cluster surveys: reference manual

The survey coordinator should use the process described below to segment the maps:

e Using identifiable boundaries such as roads, streams, and electric power lines, divide the EA into the designated number of
segments (see Figure E-3). When drawing segments on the sketch map, ensure that after exclusion of a randomly selected
segment, the cluster will still have at least the estimated number of residential dwellings required to find the desired sample
size in the target age group. It is best to be somewhat conservative here and err towards more dwellings than are needed to
account for uncertainty about how many dwellings are currently occupied and the actual number of individuals in the target
population. Sometimes it may not be feasible to draw appropriate segments; in that case, it is preferable to keep the entire
EA as the cluster, even if this means more fieldwork for household listing and/or interviewing eligible persons.

e Number the segments sequentially.
e Select one segment at random using a random number table or computer program.

Figure E-3. Example of segmentation of a rural area
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Field workers draw the sketch map of the EA. The coordinator divides it into two segments, using the North-South Highway as
a convenient divider. One segment is then selected at random.

Figure E-4. Symbols for mapping and listing
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Annex F: How to enumerate and select households in a two-stage cluster sample

For surveys of routine vaccination coverage of children aged 12—23 months, it will often be efficient to do a single-stage cluster
sample and enrol all eligible children in the selected clusters or segments.

For surveys of wider target age groups, or for those with very long questionnaires, a two-stage sample is a good option. In a
two-stage sample, household listing is done first, followed by random selection of households for the completion of individual
questionnaires.

The household listing operation consists of visiting each of the selected clusters, collecting geographic coordinates of the
cluster, drawing a location map and sketch map as shown in annex E, and recording on listing forms a description of every
dwelling together with the names of the heads of the households in the dwellings. Mapping and listing of households represents
a substantial field cost, but it is essential to guarantee the exactness of sample implementation.

F.1 Definitions

A structureis a free-standing building or other construction that can have one or more dwelling units for residential or commercial
use. Residential structures can have one or more dwelling units (for example, single house, apartment structure, compound,
etc). A structure is called a multi-unit structure if it contains more than one household in the structure. Otherwise it is called
a single-unit structure.

A dwelling unitis a room or a group of rooms normally intended as a residence for one household (for example: a single house,
an apartment, a group of rooms in a house); a dwelling unit can also have more than one household.

An informal shelteris a non-permanent structure such as a tent, or semi-covered living area, where persons sleep regularly. It
is most commonly found in urban areas having large homeless populations. It is usually not possible to capture all homeless
populations in a survey, but when there are areas known to be used regularly and to have informal shelters, efforts should be
made to include them in the household listing operation.

A household consists of a person or a group of related or unrelated persons, who live together in the same dwelling unit or
informal shelter, who acknowledge one adult male or female 15 years old or older as the head of the household, who share
the same housekeeping arrangements, and are considered as one unit. In some cases one may find a group of people living
together in the same house, but each person has separate eating arrangements; they should be counted as separate one-person
households. Collective living arrangements such as army camps, boarding schools or prisons should not be considered as
households. Examples of households are:

e 3 man with his wife or his wives, with or without children
e a man with his wife or his wives, his children and his parents

e a man with his wife or his wives, his married children living together for social or economic reasons (the group recognize
one person as household head)

® a widowed, divorced or separated man or woman with or without children
e asingle mother and her children.

The head of household is the person who is acknowledged as such by members of the household and who is usually responsible
for the upkeep and maintenance of the household.
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A location mapis a map produced in the household listing operation that indicates the main access to a cluster, including main
roads and main landmarks in the cluster, and sometimes includes important landmarks in the neighbouring cluster.

A sketch mapis a map showing the location or marks of all structures found in the listing operation that helps the interviewer to
locate the selected households. A sketch map also contains the cluster identification information, location information, access
information, principal physical features and landmarks such as mountains, rivers, roads and electric poles.

F.2 Responsibilities of the listing staff
Persons recruited to participate in the household listing operation will work in teams consisting of two enumerators. A coordinator
will monitor the entire operation.

The responsibilities of the coordinator are to:

obtain base maps for all the clusters included in the survey

arrange for the reproduction of all listing materials (listing manuals, mapping and listing forms) —the map information forms
and the household listing forms must be prepared in sufficient numbers to cover all of the clusters to be visited

assign teams to clusters
monitor the reception of the completed listing forms at the central office
verify that the quality of work is acceptable.

If GPS coordinates are being collected during the listing operation, the coordinator must also:

obtain one GPS receiver per listing team, plus two backup receivers, and tag each GPS receiver with a number
ensure that all GPS receivers have the correct settings and distribute a receiver to each field team

obtain and copy all GPS training materials for listing staff

train all listing staff to record GPS waypoints in the GPS units and record them on the paper form.

The responsibilities of the enumerators are to:

identify the boundaries of the cluster

draw a location map showing the location of the clustdraw a detailed sketch map of the cluster showing the locations of all
structures residing in the cluster

list all the households in the cluster in a systematic manner
communicate to the coordinator problems encountered in the field and follow his/her instructions
transfer the completed listing forms to the coordinator or to the central office.

If GPS coordinates are being collected during the listing operation, enumerators must also capture and record the GPS waypoint
of the centre of the cluster, the cluster boundaries and each structure in the cluster.

The materials needed for the household listing operation are:

1.
2.
3.
4.

manual for household listing

base map of the area containing the cluster
Map Information Form

Household Listing Form.
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If GPS coordinates are to be recorded during the listing operation and are not recorded automatically by the equipment used
for data capture, the following additional materials are needed:

1. GPS receivers, batteries and cables
2. GPS training manuals and handouts.

F.3 Locating the cluster and drawing maps
This is done as described in Annex E.

F.4 Listing of households

The lister will use the Household Listing Form to record all households found in the cluster. Annex H lists data elements to
include when designing a household listing form. The text in this section describes some work using the form DHS/2 which
is depicted on the last page of this Annex. Your form may vary slightly from this one, but should include the important data
elements listed here and in Annex H.

A structure is called a multi-unit structureif it contains more than one household in the structure; otherwise it is called a single-
unit structure. All households found in a structure or multi-unit structure must be numbered from 1 to m, within the structure’.
The structure number plus the household number form a unique identification number for each household in the cluster. For
example, household number 3 in structure number 44 would be uniquely identified with ID number 44-3.

It is useful to write the household ID number at the entrance of the household to later assist the interviewer to identify the
household for interview in two-stage samples, and for repeat visits and quality control in both single- or two-stage samples.

Begin by entering the identification information for the cluster. The first two columns are reserved for office use only—leave
them blank.

Complete the rest of the form as follows:

1. Column (1) [Serial Number of Structure]: For each structure, record the same structure serial number that the mapper enters
on the sketch map. All the structures recorded on the sketch map (except the landmarks) must be recorded on the listing
form and numbered.

2. Column (2) [Address/Description of Structure]: Record the street address of the structure. Where structures do not have
visible street addresses (especially in rural areas), give a description of the structure and any details that help in locating
it (for example, in front of the school, next to the store, etc.). Note that this is not essential in single-stage cluster surveys
because interviews are completed concurrently, however it is recommended because it will be helpful if revisits are needed
to complete any interviews, and for revisits done by supervisors or coordinators for quality control.

3. Column (3) [Residence Y/M: Indicate whether the structure is used for residential purposes (eating and sleeping) by writing
Y for “Yes”. In cases where a structure is used for commercial or other purposes, write N for “No”. Structures used both for
residential and commercial purposes (for example, a combination of store and home) should be classified as residential,
and marked Y in column 3). Make sure to list any household unit found in a non-residential structure (for example, a guard
living inside a factory or in a church). List any informal shelters identified. Also, do not forget to list vacant structures
and structures under construction, and in Column (6) give some explanation (for example, vacant, under construction). All
structures seen in the cluster should be recorded on the sketch map of the cluster and in the listing.

4. Column (4) [Serial Number of Household in Structurel: This is the serial number assigned to each household found in the
structure; there can be more than one household in a structure. The first household in the structure will always have number 1.

1 This number is different from the household number later given to all of the households listed in the whole cluster just prior to household selection.
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If there is a second household in the structure, this household should be recorded on the next line with a 2 recorded in Column
(4); Columns (1) to (3) repeat the structure number and address or are left blank.

5. Column (5) [Name of Head of Household): Write the name of the head of the household. There can only be one head per
household. If no one is home or the household refuses to cooperate, ask neighbours for the name of the head of the household.
If a name cannot be determined, leave this column blank. It is not the name of the landlord or owner of the structure that
is needed, but the name of the head of the household who lives there.

6. Column (6) [Observations/Occupied or not): This space is provided for any special remarks that might help the coordinator
decide whether to include a household in the household selection, and might also help the interviewing team locate the
structure or identify the household during the main survey fieldwork.

If the structure is an apartment block or block of flats or apartments, assign one serial number to the entire structure (only
one square with one number appears on the sketch map), but complete Columns (2) through (6) for each apartment in the
structure individually. Each apartment should have its own address, which is the apartment number within the structure. The
same process is done for compounds in rural areas.

The listing team should be careful to locate hidden structures. In some areas, structures may have been built so haphazardly
that they are easily missed. In rural areas, structures may be hidden by tall grasses and trees. If there is a pathway leading
from the listed structure, check to see if the pathway goes to another structure. Talking with people living in the area may help
with identifying hidden structures.

F.5 Quality control

Quality checks should be performed to ensure that the work done by each listing team is acceptable. The coordinator should
tour the regions during the household listing operation, and assess the quality of the finished clusters. The coordinator should
select a finished cluster and do an independent listing of 10% of the cluster. If important errors are found, the whole cluster
should be relisted. If the problem is related to systematic errors and it is not possible to do corrections on the listing forms,
then all of the listed clusters should be relisted.

F.6 Prepare the household listing forms for household selection
Household selection might be done by staff in a Central Office, after the household listing forms are turned in, or in some cases
the selection might be accomplished in the field, possibly on the same data that interviews are scheduled to begin.

Once the central office receives the completed listing materials for a cluster, they first assign a serial number to all of the
households in the cluster in the second column of the form DHS/2. An example is provided on the last page of this Annex.

Only occupied residential households (including households that refused to cooperate at the time of listing and households
where the occupants were absent at the time of listing but would return shortly and would be at home during the period of
household interview) will be numbered.

e This is a new continuous serial number from 1 to the total number of occupied residential households listed in the cluster.
e |eave the cell in the second column blank if the household is not occupied, or if the structure is not a residential structure.
e Fill in the second column only if the structure on that row is an occupied household.

e Make sure that the numbering of all occupied households follows sequentially from the previous occupied household on the
list, with no gaps or repetitions in the numbering.
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F.7 Instructions for having staff in a central office select the households

After assigning the serial numbers to all households listed in the cluster, the central office staff will use a protocol for randomly
selecting the right number of households. This process will likely involve a table of random numbers or a computer spreadsheet
or program to identify a random subset of household serial numbers. The process should be specified in the survey protocol
and documented carefully.

The Internet has numerous web pages with instructions for using a spreadsheet to identify a random sample. One simple
process using Microsoft Excel is as follows:

1. Enter the serial numbers of eligible households in column A of a new spreadsheet. (1 in the first row, 2 in the second row,
etc.)

2. Enter the formula =RAND() in column B of the spreadsheet beside each household’s serial number. This will yield a random
number between 0 and 1 in column B.

3. Click at the top of the column to select Column B. Click ‘copy’ and click ‘Paste->Values’ to replace the formula with the
random numbers (so the formula does not change the numbers later.)

4. Sort the entire spreadsheet (columns A and B together) based on the numbers in column B (lowest-to-highest). This will
re-order the household serial numbers in a random fashion.

5. The households listed at the top of the spreadsheet are those selected for the survey. If the protocol indicates that staff should
visit 12 households in each cluster, then record the serial numbers of the top 12 cells of column A. Save the spreadsheet to
document the selection.

When the central office produces the list of selected households, they can be marked carefully on the household listing form.
Copy the numbers of the selected households to the first column of the form DHS/2, corresponding to the serial number of the
households in the listing form. These are the households that must be interviewed. It is recommended to use a different coloured
pen on the listing forms to indicate the households selected for interviewing. It is also very helpful to use colour on the cluster’s
sketch map to mark the structures where the selected households are located.

F.8 Instructions for household selection by staff in the field

When the household listing occurs on the same day that interviews are scheduled to start, it may not be possible to have the
household selection accomplished at a central office, though this is the preferred approach. Make every effort to have a central
office do the selection to be sure to avoid any temptation that can bias the work in the field. If the selection must be done by
field staff, then have the central office prepare a list of randomly-ordered numbers between 1 and something high like 500.
Print the numbers in randomly selected order and seal the pages in an envelope that can be sent to the field. After households
are listed and serial numbers are assigned, open the envelope and read the numbers down the list. The first number from the
envelope is the serial number of the first household selected in to the sample. The second number from the envelope is the
serial number of the second household selected in to the sample. And so on. It is important that the sheets in the envelope
have numbers that go up at least as high as the number of eligible homes in the cluster, so it may be necessary for the central
office staff to always print lists that include numbers up to 250 or 500 or whatever figure will be sure to be high enough. Staff
can identify the randomly selected households using the lists from the envelope. The sheets from the envelope should be saved
and turned in with the other forms from the cluster, to document how households were identified.

Another alternative for selecting a random list of households while in the field is to use a handheld computer or smartphone
application. There are programs that allow a team to walk around the cluster, listing households in one step, noting whether
respondents are eligible or not, and recording a serial number for each household along with its GPS coordinates. Then in a later
step the application can select a random subset from the list and provide the team with a list of serial numbers of selected
households, along with GPS coordinates to help field staff go back and conduct interviews in those households.
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Figure F-1. Example of a household listing form (from DHS sampling manual, 2012)
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Annex G: Tips for high-quality training of survey staff

For any vaccination coverage survey, it is essential that the staff be qualified and well trained. Interviewers must be able follow
the protocol for identifying the appropriate households, establishing who in the household is eligible, conducting the interview,
and completely and correctly recording the information on the survey forms. The text below only provides guidance on training
for survey interviewers as an example. Training is also needed for personnel doing household listing and for supervisors.

G.1 Training topics

In some cases, the purpose of the training is to improve the team members’ understanding of the objectives and methods of
the survey. In other instances, the purpose is to ensure that team members correctly perform a task. Where performance of a
task is required it is important that the staff not only understand what to do but that they have an opportunity to practice the
task with both common and easily understood examples as well as more difficult ones.

During training it is important to ensure that participants have appropriate information on the objectives of the survey and
what their roles will be. They should be aware of the different vaccine-preventable diseases for which the vaccine programme
provides vaccines, what the different vaccine names are, how many does are required and how they are administered. They
should also know what the target populations (for example, women of childbearing age, girls 9—14 years of age, infants less
than one year of age, all children under five years of age).

Information from the interview must be clearly and completely records on the survey data collection tools. The tools should be
designed such that there is adequate space for the interviewer to easily record the replies. It is usually useful that half an hour
or so be spent on practicing recording letters and digits on the form in a standardized way. Handwriting exercises often done
by young children are useful and should be used during the training. Such exercises and worksheets are readily available on
the Internet and can be adapted as necessary.

Several topics in vaccination surveys are important to learn but difficult to convey. Two of the most important are the issue of
eligibility and how to interpret evidence of vaccination.

Survey eligibility

In most vaccination coverage surveys, whether questions are asked about an individual's vaccination history will depend on the
individual's age. The eligibility criteria might also include residential status, sex, or other factors. Training on how to ascertain
whether the individual should be included in the survey is essential. It may be helpful to build survey aids such as calendars
of local events, age estimation charts or pre-calculated eligible dates of birth.

Evidence of vaccination

To complete the survey forms, staff should be familiar with the kinds of evidence used to establish vaccination status. This
includes both home-based vaccination or child health cards as well as records kept in health facilities. It might also include
records given during supplemental immunization activities (SIAs) and physical marks for vaccinated individuals such as
fingernail colouring. The evidence of vaccination from these sources may require interpretation before being recorded on the
survey data collection forms and it is essential that interviewers and supervisors can accurately record the vaccination status
documented by the different sources of data.
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The naming of vaccines may not be consistent over time, from place to place and source of vaccination. For example, a common
name for the diphtheria-pertussis-tetanus-HepB-Hib pentavalent vaccine is “penta”. In some instances the pentavalent
vaccine may have recently been introduced and the cards used may still use the name DPT or DTP. The training should include
a detailed presentation with examples of the different types of cards that might be seen in the survey and how this information
should be recorded.

In some instances children have been vaccinated and no record or physical evidence of that vaccination is available, and the
only evidence of the child's vaccination status is that of the child's caretaker's memory. Eliciting as much detail as possible
regarding the child's vaccination history from the caretaker is likely to improve the accuracy of their report. It is essential that
the training include the appropriate way to gather data based on both documented records and caretaker recall.

G.2 Training methods

One of the most valuable methods for learning a new task is role playing. Short scenarios should be developed and presented
(with team members participating) to the group. It is useful if scenarios not only present correct examples but also include errors
for the group to find. The scenarios are useful to identify any lack of complete and common understanding, and surface these
issues for group discussion. Such scenarios could include household identification, introduction to the household, eligibility
issues and other tasks. Recording and showing short videos of field practice is also useful.

Presentations, examples, practice sessions and role playing scenarios should be prepared prior to the training session. If
time permits, training session participants can also practice tasks (for example, conducting an interview) and role playing
(determining how may in the house are eligible for the survey) with other participants. Many surveys prepare a manual or
standard operating procedures (SOP) for the interviewers and supervisors. The manual should be reviewed during the training.
In addition, participants should be encouraged to refer to the manual during exercises, practice sessions and role playing.

G.3 Training schedule

Training for interviewers and supervisors requires approximately five days, including at least one day in the community practicing
the protocol and instruction on the following topics: identifying the appropriate households, obtaining permission to conduct
the interview, selecting eligible individuals in the household, using the survey tools to conduct the interview, obtaining the
appropriate responses, and clearly and accurately recording the responses.

Below is a sample agenda for a five-day training session for interviewers and field supervisors. The training may take more

time if GPS systems, digital recording or cameras are used. It is important that the interviewers and supervisors understand
the equipment, how it is to be used and to have time to practice its use.
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Table G-1: Sample Agenda: Training for Interviewers and Supervisors

Welcome, introductions, administrative issues

Objectives of the survey, how the survey results will be used

AM Survey timeline: previous steps, training, field work, data cleaning, analysis, report writing and dissemination, use of
the data

Day 1 Questions / discussions

Overview of survey methods: selecting areas, selecting households, eligibility criteria, interviewing and recording,
revisits, daily checks by supervisors, consolidation of data, data entry, analysis, reporting writing and use of results

PM | Detailed review of data collection forms — household listing: eligibility, respondent, questions, responses and skip
patterns

Review of other control forms: cluster summary forms, etc.

Review of previous day’s activities/questions/discussions

Overview of immunization services: vaccine-preventable diseases, vaccines, target populations, number of doses,
AM  method of administration, age, adverse events.

Vaccination records: review of immunization cards and health facility registers

Day 2 Caretaker recall of vaccination history

Detailed review of data collection forms — vaccination status: eligibility, respondent, questions, responses and skip
patterns; using the vaccination cards; interview techniques

PM Practice session: handwriting practice using models for letters and digits

Practice session: recording card information on survey vaccination forms

Review of previous days’ activities/questions/discussions

AM ' Review of protocol for finding clusters to visit

Detailed review of how households are to be found and the information recorded for each household

Day 3 Detailed review of household interaction: introduction, purpose of the survey/how long the interview will take,
agreement to participate, interview and recording, exit from household; sharing information for children requiring
PM vaccination; revisits
Role play of common and unusual situations
Dav 4 AM | Practice fieldwork
a
g PM | Practice fieldwork continues; analysis of practice fieldwork data
AM | Discussion of fieldwork problems and questions.
Day 5 Recap of survey objectives and methods

PM

Logistics for beginning field work

* |f geographical coordinates are used/collected an overview, plan a presentation on methods, practice session and discussion. Explain
the use of instruments; interviewers and supervisors should have an opportunity for supervised practice.

* |f photographs are to be taken, explain the equipment and methods to be used; interviewers and supervisors should have the
opportunity for supervised practice.
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Annex H: Sample survey questions

This annex provides lists of questions and guidance on what type of responses and skip patterns might be appropriate. Sample
questionnaires are available at the WHO page on vaccination coverage surveys: http://www.who.int/immunization/monitoring_
surveillance/routine/coverage/en/index2.html. Data that use these variable names and response codes are compatible with
the Vaccination Coverage Quality Indicators (VCQI) tool. Each form is divided into three sections: a suggested header with
information for field staff to fill in before they begin the data collection, the main body of the form, and a footer with information
for staff to fill in when they finish the work.

The header always includes several fields to identify which stratum and cluster the data is being collected from. If possible,
these fields should either be pre-printed on the forms, or pre-printed on weather-proof stickers to be applied to the forms, so
that stratum ID and cluster ID will be correct, easy to for data entry clerks to read, and recorded in a uniform fashion across
the entire survey.

The main body of the form includes items that will be repeated many times with one entry per household or one entry per
respondent. Paper forms should be laid out in @ manner that provides enough room to fill in each entry, so it may work best to
use two or three rows per entry on the form, instead of one small cramped row. In some cases it may be appropriate to use a
separate paper form for each respondent. In other cases you may design forms that will accommodate responses from several
respondents on one sheet of paper.

The footer includes fields to document when the work in the household or cluster is finished and spaces for comments so field
staff can note information that may be helpful later in interpreting the survey data. On paper forms, be sure to leave large
spaces for clearly written comments, including text on how the interview went. Be sure to have data entry clerks enter those
comments into the database so they are available to analysts later.

Note that this annex does not include many demographic questions about the respondents’ wealth, education, urban/rural

status, occupation or religion. If your survey steering committee wishes to disaggregate results by demographic categories,
you will need to add questions to the survey to collect those data elements.
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Form HH — Sample Questions for a Household Listing Form

Item Question Responses
Header, to be printed at the top of the form
HHO1 Stratum ID number* Number
HHO2 Stratum name* Free text
HHO3 Cluster ID number* Number
HHO4 Cluster name* Free text
HHO5 Enumerator Number Number
HHO6 Enumerator Name Free text
HHO7 Supervisor number Number
HHO8 Supervisor name Free text
HHO9 Start date of enumeration Date
HH10 Start time of enumeration Time
* Pre-print on the form, if possible
Main body of the form, one entry per household
HHI1 Structure ID Number
HH12 gtcrﬁléﬂﬁg:a?]?jefhzhinse;’;[rrli)%uo;et%%n::rig.£]my households? [If No, move on to the next 1 Yes 2. No
HH13 Household (HH) Serial Number in the structure Number
HH14  Household ID N e”;,TEng)”” Serial
HH15 Address or Description Free text
HH16 Latitude #H HHH
HH17 Longitude #H HHH
HH18 Is the data from a resident, or a neighbor? é Eﬁ;'glinttozé[:\luel:qggzgg
HH19 Name of Head of Household Free text
HH20 Phone number to coordinate visit time Free text
HH21 Second phone number Free text
HH22 Total number of HH residents Number
HH23 # of Eligible Respondents: 12-23 Months Number
HH24 # of Eligible Respondents: Gave Live Birth in Last 12 Months Number
HH25 # of Eligible Respondents: Post-Campaign Survey Number
HH26 Comment Free text
HH27 OFFICE USE ONLY: Serial # of Occupied HH in Cluster Leave Blank
HH28 OFFICE USE ONLY: Household is selected to participate in the survey 1. Yes 2. No
Footer, to be printed at the bottom of the form

HH29 End date of enumeration Date
HH30 End time of enumeration Time
HH31 Were there households you couldn’t enumerate? 1. Yes 2. No
HH32 If yes, how many? Free text
HH33 What prevented you from doing it? Free text
HH34 Other comments Free text
HH35 Supervisor's comments Free text
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Form HM — Sample Questions for a Household Members Listing Form

Iltem Question Responses
Header, to be printed at the top of the form

HMO01 Stratum ID number* Number

HMO02 Stratum name* Free text

HMO03 Cluster ID number* Number

HMO04 Cluster name* Free text

HMO05 Interviewer number Number

HMO06 Interviewer name Free text

HMO7 Supervisor number Number

HM08 Supervisor name Free text

HM09 Household ID Copy number from HH list form

HM10 Name of head of household Free text (may be copied from HH list form)

HM11 Latitude A

HM12 Longitude A

HM13 Start Date of Interview at Visit 1 Date

HM14 Start Time of Interview at Visit 1 Time

HM15 Start Date of Interview at Visit 2 Date

HM16 Start time of Interview at Visit 2 Time

HM17 Start Date of Interview at Visit 3 Date

HM18 Start time of Interview at Visit 3 Time
1. Return later; no one home (fill in # of eligible respondents if
you learn it from a neighbor)

HM19 Disposition Code: Visit 1 2. Come back later; interview started but could not complete
3. Refused; someone is home but refused to participate
4. Complete; collected all necessary information
1. Return later; no one home (fill in # of eligible respondents if
you learn it from a neighbor)

HM20 Disposition Code: Visit 2 2. Come back later; interview started but could not complete
3. Refused; someone is home but refused to participate
4. Complete; collected all necessary information
1. Return later; no one home (fill in # of eligible respondents if
you learn it from a neighbor)

HM21 Disposition Code: Visit 3 2. Come back later; interview started but could not complete
3. Refused; someone is home but refused to participate
4. Complete; collected all necessary information

* Pre-print on the form, if possible

Main body of the form, one entry per household member

HM22 Individual Number Number
HM23 Name Free text
HM24 Did the individual sleep here last night? 1. Yes 2. No

HM25 How long has the individual lived in this household? Time (years)

HM26 How long has the individual lived in this household? Time (months)

HM27 Sex LM 2.F
HM28 Date of birth (DOB) Birthday (DD/MM/YYYY)
HM29 Age (completed years) Number: Age (years)
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Item Question Responses

HM30 Age (completed months) Number: Age (months)
HM31 Eligible for RI Coverage Survey 1. Yes 2. No
HM32 Selected for RI Coverage Survey 1. Yes or blank

2. Come back later; caretaker not available
HM33 Disposition code for RI Survey: Visit 1 3. Refused interview for this respondent

4. Completed interview

2. Come back later; caretaker not available
HM34 Disposition code for Rl Survey: Visit 2 3. Refused interview for this respondent

4. Completed interview

2. Come back later; caretaker not available
HM35 Disposition code for Rl Survey: Visit 3 3. Refused interview for this respondent

4. Completed interview
HM36 Eligible for TT Survey 1. Yes 2. No
HM37 Selected for TT Survey 1. Yes or blank

2. Come back later; caretaker not available
HM38 Disposition code for TT Survey: Visit 1 3. Refused interview for this respondent

4. Completed interview

2. Come back later; caretaker not available
HM39 Disposition code for TT Survey: Visit 2 3. Refused interview for this respondent

4, Completed interview

2. Come back later; caretaker not available
HM40 Disposition code for TT Survey: Visit 3 3. Refused interview for this respondent

4. Completed interview
HM41 Eligible for Post-SIA Survey 1. Yes 2. No
HM42 Selected for Post-SIA Survey 1. Yes or blank

2. Come back later; caretaker not available
HM43 Disposition code for Post-SIA Survey: Visit 1 3. Refused interview for this respondent

4. Completed interview

2. Come back later; caretaker not available
HM44 Disposition code for Post-SIA Survey: Visit 2 3. Refused interview for this respondent

4, Completed interview

2. Come back later; caretaker not available
HM45 Disposition code for Post-SIA Survey: Visit 3 3. Refused interview for this respondent

4. Completed interview

Footer, to be printed at the bottom of the form

HM46 End date of interview Date
HM47 End time of interview Time
HM48 Finished with household (check box) 1. Yes 2. No
HM49 Interviewer's comments Free text
HM50 Supervisor's comments Free text
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Form RI — Sample Questions for a Routine Immunization Form (12-23 months)

Question

SubQuestion

Responses

Header, to be printed at the top of the form

Annexes

Skip

RI01 Stratum ID number* Number
R102 Stratum name* Free text
RI03 Cluster ID number* Number
RI04 Cluster name* Free text
RI05 Interviewer number Number
RI06 Interviewer name Free text
RI07 Supervisor number Number
RI08 Supervisor name Free text
RI09 Start date of interview Date

RI10 Start time of interview Time

* Pre-print on the form, if possible

Main body of the form, one entry per child

Copy number from Form

RI11 Household ID HM
RIL2 Individual number of child (from Copy number from Form
form HM) HM
RI13 Individual number being surveyed Copy number from Form
(from form HM) HM
RI1A Individual number of primary Copy number from Form
caretaker (from form HM) HM
RI15 Latitude A
RI16 Longitude #H
RI17 Name of child (full name) Free text
RI18 Name of child's father Free text
RI19 Name of child's mother Free text
RI20 Sex of child I.M2F
. . Number .
RI21 Birth date of child Day 99. Don't know 99: Skip to RI24
. . Number
RI22 Birth date of child Month 99 Don't know
. . Number
RI23 Birth date of child Year 99 Don't know
RI24 Age of child (if birthdate not Years Number
known)
RIZ5 Age of child (if birthdate not Months Number
known)
Home-Based Record or Vaccination Card
Did you ever receive or were given 1 Yes 2. No
RI26 a vaccination card or a family 9'9 Do Not Know 2 or 99: Skip to RI70
folder for (name)? :
RI27 May | see it please? 1. Yes, Card Seen 1: Skip to RI30

2. No, Card Not Seen
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Item Question SubQuestion Responses Skip
1. Lost card . .
RI28 Y/\;hcyc?noa)t/?ounncoalr?jgger have the 2. Destroyed | {Xon)étlt;lgg but 3: Skip
’ 3. Other (Specify below)
RI29 Other, please specify Free text Skip to RI70
- 1. Original . .
Is the card the original that you Anything but 2: Skip
RI30 : 2. Replacement/ Copy
received or a replacement/copy? 99. Do Not Know next
RI31 Did you have to pay for the 1. Yes 2. No
replacement card? 99. Do Not Know
RI32 Date of birth (as recorded on card) Date
Note: The following vaccines and doses are listed as an example. You will update this list to reflect the information (and order) on the vaccination cards in
the country where you are doing the survey.
If date recorded on
RI33 BCG Date card: Skip next
RI34 BCG - Tick mark on card 1. Yes 2. No
" . If date recorded on
RI35 Hepatitis B (birth dose) Date card: Skip next
RI36 Hepatitis B (birth dose) - Tick 1 Yes 2. No
mark on card
. . If date recorded on
RI37 Polio at birth (OPV0) Date card: Skip next
Polio at birth (OPV0) - Tick mark
RI38 on card 1. Yes 2. No
. If date recorded on
RI39 Penta/DPT-Hib-Hep 1 Date card: Skip next
Penta/DPT-Hib-Hep 1- Tick mark
RI140 on card 1. Yes 2. No
RI41 Pneumococcal 1 (PCV-1) Date If date rt_ecorded on
card: Skip next
RIA2 Pneumococcal 1 (PCV-1)- Tick 1 Yes 2. No
mark on card
. If date recorded on
RI43 Polio 1 (OPV1) Date card: Skip next
RI44 Polio 1 (OPV1) - Tick mark on card 1. Yes 2. No
. If date recorded on
RI45 Rotavirus 1 Date card: Skip next
RI46 Rotavirus 1 - Tick mark on card 1. Yes 2. No
. If date recorded on
RI47 Penta/DPT-Hib-Hep 2 Date card: Skip next
Penta/DPT-Hib-Hep 2 - Tick mark
RI48 on card 1. Yes 2. No
RI49 Pneumococcal 2 (PCV-2) Date If date rt_ecorded on
card: Skip next
RI50 Pneumococcal 2 (PCV-2)- Tick 1 Yes 2. No
mark on card
. If date recorded on
RI51 Polio 2 (OPV2) Date card: Skip next
RI52 Polio 2 (OPV2) - Tick mark on card 1. Yes 2. No
. If date recorded on
RI53 Rotavirus 2 Date card: Skip next
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Item Question SubQuestion Responses Skip
RI54 Rotavirus 2- Tick mark on card 1. Yes 2. No
. If date recorded on
RI55 Penta/DPT-Hib-Hep 3 Date card: Skip next
Penta/DPT-Hib-Hep 3 - Tick mark
RI56 on card 1. Yes 2. No
If date recorded on
RI57 Pneumococcal 3 (PCV-3) Date card: Skip next
RI58 Pneumococcal 3 (PCV-3)- Tick 1 Yes 2. No
mark on card
. If date recorded on
RI59 Polio 3 (OPV3) Date card: Skip next
RI60 Polio 3 (OPV3) - Tick mark on card 1. Yes 2. No
. If date recorded on
RI61 Rotavirus 3 Date card: Skip next
RI62 Rotavirus 3 - Tick mark on card 1. Yes 2. No
. If date recorded on
RI63 Polio (IPV) Date card: Skip next
RI64 Polio (IPV) - Tick mark on card 1. Yes 2. No
If date recorded on
RI65 Measles (1st) Date card: Skip next
RI66 Measles (1st) - Tick mark on card 1. Yes 2. No
If date recorded on
RI67 Yellow Fever Date card: Skip next
RI68 Yellow Fever - Tick mark on card 1. Yes 2. No

Again, the vaccines and doses listed here are an example that will likely need to be updated when you design your questionnaire so the

Caretaker Recall or History

list corresponds to the vaccines delivered in your country.

Has the child received every

RI69 vaccine in this survey? 1. Yes 2. No 1: Skip to RI103
Has the child ever received any 1 Yes 2. No
RI70 vaccinations, drops or injections 9'9 Do Not Know 2 or 99: Skip to RI89
in the past? :
Has the child ever received an
injection in the right upper arm 1 Yes 2. No
RI71 grsscgorl;lderthat usuially causes 99. Do Not Know 2 or 99: Skip next
— that is, BCG vaccination
(against tuberculosis)
1. Scar Present
RI72 If the child is present, check for 2. No Scar Present
evidence of a scar and record 3. Child not available to
check
Has the child ever received any 1 Yes 2. No
RI73 “vaccination drops in the mouth” 9'9 Do Not Know 2 or 99: Skip to RI76
—that is, polio? :
How many times was the polio
RI74 vaccine received at a health Number

facility?

99. Do Not Know
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Item Question SubQuestion Responses Skip
How many times was Polio vaccine
received during a large campaign,
RIS usually involving a large group of Number
children (up to five years of age), 99. Do Not Know
and perhaps vaccinating at your
house?
Has the child ever received an
injection on the upper outer thigh?
—that is a penta (dpt -hep 1 Yes 2. No
RI76 b- hib) vaccination to prevent 9:9 Do Not Know 2 0r 99 : Skip to RI78
him/her from getting tetanus, '
whooping cough, or diphtheria,
influenza & hepatitis
. Number
?
RI77 How many times? 99. Do Not Know
Has the child ever received 1. Yes 2. No .
RI78 Pneumococcal (PCV) vaccine? 99. Do Not Know 2 0r 33: Skip to Ri80
. Number
?
RI79 How many times! 99. Do Not Know
Has the child ever received an
injection on the left upper arm?
-that is measles injection at the 1. Yes 2. No Qi
Rig0 age of 9 months or older - to 99. Do Not Know 2 or 33: Skip to RI83
prevent him/her from getting
measles
RIS How many times was measles Number
vaccine given at a health facility? 99. Do Not Know
How many times was measles
vaccine given during a large
RIS campaign, normally involving Number
a large group of children? (The 99. Do Not Know
campaign can be up to five or up
to fifteen years of age)
Has the child ever received Yellow 1. Yes 2. No .
RIg3 Fever vaccine? 99. Do Not Know 2 or 33: Skip o RIZ6
RISA How many times did the child Number
receive it at a health facility? 99. Do Not Know
How many times did the
child receive it during a large
RIS campaign, usually involving a Number
large group of children (up to 99. Do Not Know
five years of age), and perhaps
vaccinating at your house?
Has the child ever received 1. Yes 2. No .
RIBG Rotavirus vaccine? 99. Do Not Know 20r33: Skip next
. Number
?
RI87 How many times? 99. Do Not Know
Do you think your child has 1 Yes 2. No
RI88 received all the vaccines that are 9'9 Do Not Know 1: Skip to RI103
recommended? :
Why hasn't the child had all
RIS recommended vaccines? 1. Place Of 1. Mentioned
(Without probing, record all Immunization Too Far | 2. Not Mentioned
reasons mentioned)
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Item Question SubQuestion Responses Skip
. . 2. Time Of .
90 reoommencedvacgnee? | Immunizaton U
' Inconvenient ’
Why hasn't the child had all 1. Mentioned
RI91 recommended vaccines? 3. Mother Too Busy 2. Not Mentioned
' . 4. Family Problem, .
RI9? Why hasn't the ch|I(_1 had all Including lliness Of 1. Ment|one_d
recommended vaccines? 2. Not Mentioned
Mother
RI93 Why hasn't the child had all 5. Child IlI- Not 1. Mentioned
recommended vaccines? Brought 2. Not Mentioned
Why hasn't the child had all 6. Child Ill- Brought 1 1o htioned
RI%4 recommended vaccines? But Not Given 2. Not Mentioned
' Immunization ’
Why hasn't the child had all . 1. Mentioned
RISS recommended vaccines? 7. Long Wait 2. Not Mentioned
Why hasn't the child had all 1. Mentioned
RI3% recommended vaccines? 8. Rumors 2. Not Mentioned
RI97 Why hasn't the child had all 9. No Faith In 1. Mentioned
recommended vaccines? Immunization 2. Not Mentioned
RISS Why hasn't the child had all 10. Fear Of Side 1. Mentioned
recommended vaccines? Reactions 2. Not Mentioned
. 11. Place And/Or .
Why hasn't the child had all ' o 1. Mentioned
RI33 recommended vaccines? lTJlme Of Immunization 2. Not Mentioned
nknown
RI100 Why hasn't the child had all 12. Other (Specify 1. Mentioned
recommended vaccines? Below) 2. Not Mentioned
RI101 Why hasn't the ch|I(_1 had all Other, please specify | Free text
recommended vaccines?
Which reason above is the MOST
Ri102 IMPORTANT reason? I-12
1. Local Government
Health Clinic
2. Local Private Doctor's
Office
RI103 Where does your child usually 3. Local Other
receive vaccinations? 4. Qutside Government
Health Clinic
5. Qutside Private
Doctor's Office
6. Outside Other
Write the name of the clinic or
RI104 facility. Free text
Does the child usually receive
vaccinations at one of the
RI105 facilities on your list? (where the 1. Yes 2. No
team will go to search for records)
1. Local Government
Health Clinic
2. Local Private Doctor's
Office
RI106 Where did your child receive his/ 3. Local Other

her most recent vaccination?

4. Qutside Government
Health Clinic

5. Qutside Private
Doctor's Office

6. Outside Other
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Item Question SubQuestion Responses Skip
Have you taken a child to a health 1 Yes 2. No
RI107 facility for vaccination and the 9'9 Do Not Remember 2 or 99: Skip to RI118
child was not vaccinated? :
Why was the child not vaccinated? .
; . . 1. Mentioned
RI108 (Without prob!ng record all 1. No Vaccine 2 Not Mentioned
reasons mentioned)
. . 2. No Vaccinator (Not 1. Mentioned
?
RI109 Why was the child not vaccinated? Closed) 2" Not Mentioned
. . 3. Health Facility 1. Mentioned
?
RIT10 Why was the child not vaccinated? Closed When | Went 2. Not Mentioned
, , , . 1. Mentioned
RIT11 Why was the child not vaccinated? | 4. Child Was Sick 2 Not Mentioned
5. Not Enough
. . Children Present 1. Mentioned
?
RI112 Why was the child not vaccinated? To Open A Vial of 2 Not Mentioned
Vaccine
6. The Visit Was Not 1 Mentioned
RI113 Why was the child not vaccinated? = On The Vaccination 2' Not Mentioned
Day . Not Mentione
RI114 Why was the child not vaccinated? | 7. Wait was too long 1. Mentioned
I 2. Not Mentioned
. . 8. Others (Specify 1. Mentioned
?
RIT15 Why was the child not vaccinated? Below) 2 Not Mentioned
. . 1. Mentioned
?
RI116 Why was the child not vaccinated? = 9. Do Not Know 2 Not Mentioned
RI117 Other, please specify Free text
Do you know of any child (own or 1 Yes 2. No
RI118 neighbor, etc) who had an abscess : ' 2 or 99: Skip to RI123
S 99. Do Not Know
after a vaccination?
1. Own Child
2. Neighbor's Child
3. Friend's Child . .
RIL19 Who was the child? 4. Family Member's Chitg | ATYinIng but 6:Sip
5. Classmate/Friend of
Own Child
6. Other (Specify Below)
RI120 Other, please specify Free text
1. Arm
2. Thigh Anything but 3: Skip
?
RI121 Where was the abscess located? 3. Other (Specify Below) | next
99. Do Not Know
RI122 Other, please specify Free text
If your child was due for a
RI123 vaccination and was showing 1. Yes 2. No
symptoms of a fever, would you 99. Do Not Know
take them to be vaccinated?
1. Yes 2. No
?
RI124 If they had a cough? 99, Unsure
1. Yes 2. No
?
RI125 If they had a rash? 99, Unsure
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Item Question SubQuestion Responses Skip
, 1. Yes 2. No
?
RI126 If they had diarrhea? 99, Unsure
RI127 What messages have you heard 1. Mentioned
about immunizations? 2. Not Mentioned
RI128 What messages have you heard 1. Mentioned
about immunizations? 2. Not Mentioned
RI129 What messages have you heard 1. Mentioned
about immunizations? 2. Not Mentioned
RI130 What messages have you heard 1. Mentioned
about immunizations? 2. Not Mentioned
RI131 What messages have you heard 1. Mentioned
about immunizations? 2. Not Mentioned
RI132 What messages have you heard 1. Mentioned
about immunizations? 2. Not Mentioned
RI133 What messages have you heard 1. Mentioned
about immunizations? 2. Not Mentioned
RI134 What messages have you heard 1. Mentioned
about immunizations? 2. Not Mentioned
RI135 Other, please specify Free text

Mobility Questions

The following questions may help identify families that are mobile or where caretakers travel for part of the year. If a substantial
portion of families are somewhat mobile for cultural or economic reasons, it may be worthwhile to include these questions and to
perform a hypothesis test to see if coverage levels differ between mobile and immobile households.

In the last year, have any members
of this household gone to live or
RI136 work somewhere else for part of
the year? (Sleeping away from
home for more than one month)

RI137 If yes, how many times?
RI138 {Lzelz,nvgg:;[tv!i%s?the duration of
RI139 Who went?
RI140 What was the purpose of the trip?
RI141 Other, please specify

Footer, to be printed at the bottom of the form
RI1142 End date of interview Date
RI143 End time of interview Time
RI144 Eior:(i)shed with household (check 1 Yes 2. No
RI1145 Interviewer's comments Free text
RI146 Supervisor's comments Free text
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Form TT — Sample Questions for a Maternal Tetanus Immunization Form (Women who gave birth to a
live baby in the last 12 months)

Item Question Responses Skip
Header, to be printed at the top of the form
17101 Stratum ID number* Number
1102 Stratum name* Free text
1703 Cluster ID number* Number
1104 Cluster name* Free text
1105 Interviewer number Number
1106 Interviewer name Free text
1107 Supervisor number Number
TT08 Supervisor name Free text
1709 Start date of interview Date
1710 Start time of interview Time
* Pre-print on the form, if possible
Main body of the form; one entry per respondent
11 Household ID Number
T2 igfrlr\lanll\;lz)il number of mother being surveyed (from Copy number from Form HM
TT13 Individual number of child (from form HM) Copy number from Form HM
TT14 Latitude i HHHH
TT15 Longitude HE
TT16 Age of the mother (years) Number
1117 Date of birth of the child aged 0-11 months Date
D et 2199502
1. Doctor
2. Health Officer
3. Nurse/Midwifg ' .
e | g - S0
6. Community Health Worker
7. Other (Specify Below)
8. Do Not Know
1720 Other, please specify Free text
121 How many visits did you have? Number
1. Home
2. Relative/Neighbor's Home ' .
122 Where did you deliver the baby? i :g::m nglttre/Hospital ﬁgﬁhmg but 6: Skip
5. Private Or Ngo Facility
6. Other (Specify Below)
1123 Other, please specify Free text
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Item Question Responses Skip
1. Doctor
2. Health Officer
3. Nurse
4. Midwife
5. Health Extension Worker Anvthing but 9: Ski
TT24 Who attended the delivery of the child? 6. Traditional Birth Attendant ne}(’t g UL ax oKIp
7. Community Health Worker
8. Relative/Friend
9. Other Person (Specify
Below)
10. Do Not Know
1125 Other, please specify Free text
%6 D|d you ever receive a vaccination card for your own 1. Yes 2. No 2 0r 99: Skip to TT36
immunizations? 99. Do Not Know
. 1. Yes, Card Seen
Do you have a card or other documents with your own ’ QL
1127 immunizations listed? May | see it? 2. Yes, Card Not Seen 3: Skip to TT36
3. No Card
. . 1. Original
1128 lrse tlhaecgﬁ:gnt[r/]goongmal that you received or a 2. Replacement/ Copy 1 or 3: Skip next
P py: 3. Do Not Know
1129 Did you have to pay for a replacement? 1. Yes 2. No
If card is available, copy dates for TT1-TT6
130 1 Date
131 112 Date
T132 13 Date
133 T4 Date
1134 15 Date
1135 TT6 Date

If no card is available, or if the card does not have a date recorded for
at least five doses, ask the following history questions.

When you were pregnant with (name), did you receive
TT36 any injection in the arm or shoulder to prevent the baby
from getting tetanus after birth?

1. Yes 2. No

99. Do Not Remember 2.0r 33: Skip next

How many times did you receive this injection in the
arm (tetanus vaccine) during your pregnancy with Number of times
1137 (name of baby born live in last 12 months)? 3.1f>3

[Please list the total number, even if some of them are | 99. Do Not Know
also listed on your card.]

During a previous pregnancy (previous to the

pregnancy with (name)), did you receive any injection | 1. Yes 2. No QL
Uk in the arm or shoulder to prevent the baby from getting = 99. Do Not Remember 20r33: Skip next
tetanus after birth?

How many times did you receive this injection in the
arm (tetanus vaccination) during your pregnancies

1739 previous to the pregnancy with (name)? [Please list the gngboerNot Know
total number, even if some of them are also listed on :
your card.]
Did you receive any tetanus vaccination (an injection
in the arm) at any time when you were not pregnant, 1. Yes 2. No QL
1140 other than injections given for contraception (Depo- 99. Do Not Know 2 or 33: Skip next
Provera)?
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Item

1141

Question

How many times did you receive a tetanus vaccination
when you were not pregnant during routine or outreach
immunizations or during large campaign many women
attended? [Please list the total number, even if some
of them are also listed on your card.]

Responses

Number of times
7.1f>7
99. Do Not Know

Skip

1142

When did you receive your last tetanus vaccination
(How many years ago)?

0. If <1 year enter 0
Years ago

98. Never Had One
99. Do Not Know

1743

If the mother has received 0 or 1 lifetime vaccine doses
against tetanus, why?

(Ask the question first, after the person has answered,
go through the list of answers to find the main reason)

A. The Mother Did Not
Perceive The Importance Of
The Second Dose At Least
Two Weeks Before Delivery
B. The Mother Ignores Need
For Immunization

C. The Mother Ignores The
Place And Time Of The
Session

D. She Is Afraid Of Side
Reactions

E. She Made No Antenatal
Visits

F. She Deferred To A Later
Date

G. Does Not Trust Vaccination
H. Rumors

I. Location Of Setting Too Far
Away

J. Hours Unsuitable

K. Missing Vaccinator

L. Vaccine Not Available

M. Mother Too Busy

N. Family Problem (Disease)
0. Mother Not Brought
Because She Was Sick

P. Sick Mother Brought But
Was Not Vaccinated

Q. Price Vaccination Card
R. Syringes Too Expensive
S. Wait Too Long

T. Other (Specify Below)

Anything but T: Skip
next

1144

Other, please specify

Free text

Footer, to be printed at the bottom of the form

TT45

End date of interview

Date

1146

End time of interview

Time

1147

Interviewer’s comments

Free text

TT48

Supervisor's comments

Free text
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Form SIA — Sample Questions for a Post Campaign Survey Form

Annexes

Item Question Responses Skip
Header, to be printed at the top of the form

SIA01 Stratum ID number* Number
SIA02 Stratum name* Free text
SIA03 Cluster ID number* Number
SIA04 Cluster name* Free text
SIA0S Interviewer number Number
SIA06 Interviewer name Free text
SIA07 Supervisor number Number
SIA08 Supervisor name Free text
SIA09 Start date of interview Date
SIA10 Start time of interview Time

*Preprinted on the forms, if possible

Main body of form; one entry per respondent

SIAl1 Household ID Number
SIA12 Individual number of child (from form HM) Copy number from Form HM
SIA13 Individual number being surveyed (from form HM) Copy number from Form HM
Individual number (from form HM) of primary caretaker
SIAL4 of child identified in question SIAL2 Copy number from Form HM
SIA15 Latitude HHh
SIA16 Longitude HE
SIAL7 Was the child living here during the campaign? 1. Yes 2. No
(mention the campaign dates) 99. Do Not Know
A. Not Informed
B. Radio
C. Television
What was the primary source of information about the ' D. Internet
occurrence of the campaign? E. Criers / Mobilisers
SIALS F. Community Health Workers = Anything but L: Skip
(Ask the question first, after the person has answered, | G. School next
go through the list of answers to select the primary H. Family
source.) . Neighbor/ Friend
J. Village Chief
K. Religious Leader
L. Other (Specify Below)
SIA19 Other, please specify Free text
Did the child receive the measles/rubella vaccine ; 522' 82:3 EgttenSeen
SIA20 during the recent campaign (name campaign dates 3' No ' 3 or 99: Skip to SIA25
. ) )
here as a reminder)’ 99. Do Not Know
1. Yes, Card Seen
SIA2] Did the child receive a vaccination card after receiving | 2. Yes, Card Not Seen
the measles/rubella vaccination during the campaign? ' 3. No Card
99. Do Not Know
1. Yes, Saw Mark on Child
Was the finger of the child marked with a pen after 2. Yes, Child Not Available
SIA22 receiving the measles/rubella vaccine during the to Check
campaign? 3.No

99. Do Not Know
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Item

SIA23

Question

Did the child develop a reaction in the months
following the vaccination?

Responses

1. Yes 2. No
99. Do Not Know

Skip

SIA24

If so what is/was the problem?

Free text

SIA25

If the child did not receive the measles/rubella vaccine
during the campaign, why?

(Ask the question first, after the person has answered,
go through the list of answers to find the main reason
for non-vaccination.)

A. Didn’t Know About The
Campaign

B. Confused With Other
Vaccines (Believed That

The Child Had Already Been
Vaccinated.

C. Subject Or Parent /
Guardian Were Missing

D. Injections Fear

E. Lack Of Confidence In The
Vaccine

F. Fear Of Side Effects

G. Site Of Vaccination Was
Not Known

H. Hours Vaccination
Unsuitable

|. Waited Too Long At The
Vaccination Site

J. Site Of Vaccination Too Far
K. Vaccine Not Available At
The Vaccination Site

L. Missing Vaccinator At The
Site

M. Not Authorized By Head Of
The Household

N. Religious Beliefs

0. Speaker At The Time Of
Vaccination

P. Sick At Time Of Vaccination
Q. Absent or Travelling
During The Period Of The
Campaign

R. Too Busy To Take Child

S. Child Il

T. Mother Il

U. Child Already Received
Measles Vaccine

V. Other (Specify Below)

Anything but V: Skip
next

SIA26

Other, please specify

Free text

SIA27

Before the campaign, had the child already received
the measles/rubella vaccine?

1. Yes, Date(s) On Card
2. Yes, Recall/History
3.No

99. Do Not Know

SIA28

If the vaccination record (routine) is available, record
the dates of vaccination: 1st Measles Vaccination

Date

If date: Skip next

SIA29

If the vaccination record (routine) is available, is 1st
Measles vaccination recorded with a tick mark instead
of a date?

1=Yes, by tick mark

SIA30

If the vaccination record (routine) is available, record
the dates of vaccination: 2nd Measles Vaccination

Date

[f date: Skip next
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Item Question Responses Skip
If the vaccination record (routine) is available, is 2nd
SIA31 Measles vaccination recorded with a tick mark instead | 1=Yes, by tick mark
of a date?
If the vaccination record (previous campaign) is
SIA32 available, record the dates of vaccination: 1st Measles ' Date
campaign vaccination
If the vaccination record (previous campaign) is
SIA33 available, record the dates of vaccination: 2nd Date
measles vaccination
Footer, to be printed at the bottom of the form
SIA34 End date of interview Date
SIA35 End time of interview Time
SIA36 Interviewer's comments Free text
SIA37 Supervisor's comments Free text
Form SIA — Sample Questions for a Post Campaign Survey Form
ltem Question Responses (1]
Header, to be printed at the top of the form
RIHCO1 Stratum ID number* Number
RIHC02 Stratum name* Free text
RIHCO3 Cluster ID number* Number
RIHC04 Cluster name* Free text
RIHC05 Interviewer number Number
RIHC06 Interviewer name Free text
RIHCO7 Supervisor number Number
RIHCO8 Supervisor name Free text
RIHCO9 Name of health facility Free text
RIHC10 Latitude HHh
RIHC11 Longitude HHh
RIHC12 Arrival date at health facility Date
RIHC13 Start time of records review Time

* Pre-printed on the form,

if possible

Main body of form; one entry per respondent

RIHC14 Household ID Number
RIHC15 Individual number of child (from form HM) Number
RIHC16 Name of child (full name) Free text
RIHC17 Name of child's father Free text
RIHC18 Name of child's mother Free text
RIHC19 Sex of child LM2F
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Item Question Responses Skip
RIHC20 Name of head of household Free text
RIHC21 Date of birth (according to card seen in home Date Anything but L: Skip
(preferred) or caretaker recall on HH listing) next
RIHC22 Date of birth (according to register) Date
(Note: The specific vaccines and doses, as well as the order in which they appear may vary from survey to survey, so the following section may be adapted
to correspond closely to Form Rl for your survey.)
RIHC23 BCG Date If date rgcorded on
card: Skip next
RIHC24 BCG - Tick mark on card 1. Yes 2. No
. . If date recorded on
RIHC25 Hepatitis B (birth dose) Date card: Skip next
RIHC26 Hepatitis B (birth dose) - Tick mark on card 1. Yes 2. No
, , If date recorded on
RIHC27 Polio at birth (OPV0) Date card: Skip next
RIHC28 Polio at birth (OPV0) - Tick mark on card 1. Yes 2. No
. If date recorded on
RIHC29 Penta/DPT-Hib-Hep 1 Date card: Skip next
RIHC30 Penta/DPT-Hib-Hep 1- Tick mark on card 1. Yes 2. No
If date recorded on
RIHC31 Pneumococcal 1 (PCV-1) Date card: Skip next
RIHC32 Pneumococcal 1 (PCV-1)- Tick mark on card 1. Yes 2. No
. If date recorded on
RIHC33 Polio 1 (OPVI1) Date card: Skip next
RIHC34 Polio 1 (OPV1) - Tick mark on card 1. Yes 2. No
RIHC35 Rotavirus 1 Date If date rgcorded on
card: Skip next
RIHC36 Rotavirus 1 - Tick mark on card 1. Yes 2. No
. If date recorded on
RIHC37 Penta/DPT-Hib-Hep 2 Date card: Skip next
RIHC38 Penta/DPT-Hib-Hep 2 - Tick mark on card 1. Yes 2. No
If date recorded on
RIHC39 Pneumococcal 2 (PCV-2) Date card: Skip next
RIHC40 Pneumococcal 2 (PCV-2)- Tick mark on card 1. Yes 2. No
. If date recorded on
RIHC41 Polio 2 (OPV2) Date card: Skip next
RIHC42 Polio 2 (OPV2) - Tick mark on card 1. Yes 2. No
. If date recorded on
RIHC43 Rotavirus 2 Date card: Skip next
RIHC44 Rotavirus 2- Tick mark on card 1. Yes 2. No
RIHC45 Penta/DPT-Hib-Hep 3 Date If date recorded on
card: Skip next
RIHC46 Penta/DPT-Hib-Hep 3 - Tick mark on card 1. Yes 2. No
RIHC47 Pneumococcal 3 (PCV-3) Date 1 date recorded on
card: Skip next
RIHC48 Pneumococcal 3 (PCV-3)- Tick mark on card 1. Yes 2. No
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Item Question Responses Skip
. If date recorded on
RIHC49 Polio 3 (OPV3) Date card: Skip next
RIHC50 Polio 3 (OPV3) - Tick mark on card 1. Yes 2. No
. If date recorded on
RIHC51 Rotavirus 3 Date card: Skip next
RIHC52 Rotavirus 3 - Tick mark on card 1. Yes 2. No
. If date recorded on
RIHC53 Polio (IPV) Date card: Skip next
RIHC54 Polio (IPV) - Tick mark on card 1. Yes 2. No
If date recorded on
RIHC55 Measles (1st) Date card: Skip next
RIHC56 Measles (1st) - Tick mark on card 1. Yes 2. No
RIHC57 Yellow Fever Date If dats recorded on
card: Skip next
RIHC58 Yellow Fever - Tick mark on card 1. Yes 2. No
Photo file name(s) of digital photo(s) or scan(s) of the
RIHC59 EPI register Free text
Footer, to be printed at the bottom of the form
RIHC60 End date of interview Date
RIHC61 End time of interview Time
RIHC62 Interviewer's comments Free text
RIHC63 Supervisor's comments Free text
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Form TTHC — Sample Questions for a Maternal Tetanus Health Centre Form

Item Question Responses
Header, to be printed at the top of the form
TTHCO1 Stratum ID number* Number
TTHC02 Stratum name* Free text
TTHCO3 Cluster ID number* Number
TTHCO04 Cluster name* Free text
TTHCO5 Interviewer number Number
TTHCO6 Interviewer name Free text
TTHCO7 Supervisor number Number
TTHC08 Supervisor name Free text
TTHCO9 Name of health facility Free text
TTHC10 Latitude H#HH HHH
TTHC11 Longitude HHH HHH
TTHC12 Start date of record check Date
TTHC13 Start time of record check Time
*Pre-printed on the forms, if possible
Main body of the form, one entry per respondent
TTHC14 Household 1D Number
TTHC15 Individual number of mother (from form HM) Number
TTHC16 Individual number of child (from form HM) Number
TTHC17 Name of mother (full name) Free text
TTHC18 Name of head of household Free text
TTHC19 Mother's date of birth (according to HH listing) Date
TTHC20 Mother’s date of birth (according to register) Date
TTHC21 TT1 (according to register) Date
TTHC22 TT2 (according to register) Date
TTHC23 TT3 (according to register) Date
TTHC24 TT4 (according to register) Date
TTHC25 TT5 (according to register) Date
TTHC26 TT6 (according to register) Date
TTHC27 Photo file name(s) of digital photos or scans of the register record Free text
Footer, to be printed at the bottom of the form
TTHC28 End date of interview Date
TTHC29 End time of interview Time
TTHC30 Interviewer's comments Free text
TTHC31 Supervisor's comments Free text
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Annfx |I: Using information and communication technology (ICT) for digital data
capture

It is beyond the scope of this document to include detail on digital data capture here, and specific details would be out of date
rather quickly. However, the following guiding principles apply:

o Test, test, test the implementation. Enter full responses for every form from pilot testing the survey and have the data
manager and statistician look at the resulting database records to detect and correct any sort of problem early.

¢ Provide methods for supervisors to view data after it has been collected so they can check for mistakes and check the
quality. This might be a report from the back-end database or a view into data stored locally on devices before upload. Make
such reports and views accessible to supervisors at the end of each day so they can review the data the way they would if
the data were collected on paper forms.

¢ |nclude logic to detect date errors. If the system is recording timestamps, like the date and time an interview begins and
ends, include some logic to detect when the ICT system date is clearly wrong (for example, year is not 2015) and prompt the
user to reset the date on the device. Consider asking the user to review and approve the system date and time at the start
of entering data from a new respondent.

o |nclude a field to where the interviewer can write comments.

e Use extra caution when entering vaccination dates. User errors are more likely when entering dates than when entering
responses to other types of questions, partly because a date consists of 3 fields rather than 1. Program the ICT to remind
users to scroll back through and double-check the dates they have entered, reading them aloud with their teammate and
cross-checking with the dates written on the home-based record.

¢ Include logic to detect GPS precision. The system should detect when the GPS precision is very poor and prompt for a
better reading.

e Build in standards and processes for data changes. Be intentional about who can change which data in which records;
maintain an electronic log of changes when someone edits a survey data record.

¢ Include logic to flag illogical values. Include some checks for illogical values (for example DTPCV2 date is before the date for
DTPCV1). Have the system pop up a message that asks, “Are you sure?” or a similar message when values seem improbable.
Do not, however, prevent the user from entering illogical values (at least for dates) because the data as recorded on the
vaccination card may be illogical, and the user must be able to enter the data as it appears on the vaccination card, even
if it is illogical.

o Train staff to taking high-quality digital photos. During training, include some tips and practice for taking good digital
photos of paper documents (for example, position the document so lighting is even and position the camera to avoid glare.)
Train staff to take the time to review each photo when it is taken, and delete and re-take those of poor quality.

o Save digital photos with sufficient resolution to see detail on vaccination records. Spend sufficient funds to purchase
high-capacity storage media for the phones or tablets in your survey and use a photo setting that saves the photo with
maximum resolution, so you can zoom in on the photos later and see the detail of what is written on the vaccination cards.
Do not give in to the budgetary temptation to buy lower-capacity storage media and to use a correspondingly lower-resolution
camera setting.

e Designate a person to troubleshoot any problem that may arise.
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Annex J: Calculating survey weights

This annex provides guidance on the data the project statistician will use to calculate the survey weights to include in vaccination
coverage analyses. The purpose of this section is not to equip the reader to do all manner of weight calculations, but to introduce
the ideas and to emphasize the importance of keeping track of the following information: sample selection probabilities at each
stage of selection; the information used to segment each cluster; and the results of each household visit, including which houses
had eligible inhabitants, which had only ineligible inhabitants, and which, if any, did not yield any data regarding eligibility.
Finally, this annex describes the process of incorporating additional demographic information, usually from the census agency,
to adjust the survey weights so they offer the best possible approximation of the total population from which the survey drew
its probability sample.

J.1 Sampling weights
The first step in calculating weights is to calculate the probability with which each respondent was selected into the survey
sample. The first level weight, also called a sampling weight or base weight, is the inverse of the probability of selection.

1
Probability Respondent i was Selected into the Sample

Sampling Weight for Respondent i =

In a one-stage cluster survey, this figure is related solely to the probability that the cluster has been selected. If the cluster
needs to be segmented, or if it is a multi-stage cluster sampling design, then the probability will equal the product of the
probability of selection at each stage.

Probability Respondent i was Selected = (Stage 1 Probability)(Stage 2 Probability)(...)

Example. The enumeration area (EA) Panski is selected into the sample for the province Bennich. The measure of EA size (number
of households) is 220 for Panski, the sampling interval is 410, and there are 15,500 total households in Bennich. Therefore, the
first stage probability of selection is 220/15,500 = 0.0141935.

The sample size calculation calls for data collectors to visit 40 households in each cluster to find the appropriate number of
respondents, on average. So during the micro-planning stage, Panski is divided into five segments, each of which is contiguous
and has about 220/5 = 44 households within it. Each segment is assigned a number, and a random number table is consulted
to select a segment. The probability, then, that one of Panski's segments would be selected is 220/15,500 x 1/5 = 0.0028387.
The weight assigned to each respondent in this segment is 1/0.0028387 = 352.2739.

Important information to inform sampling weight calculations:
e Use the original probability of EA selection from PPES sampling or whatever alternative method was used.
e [fusing systematic sampling, keep track of the size of the sampling interval to identify clusters that are selected with certainty.

e |f the cluster is segmented to focus on a limited number of households, track the probability that the specific segment is
selected.

J.2 Interviewing respondents within a household

This manual recommends interviewing every eligible respondent in every selected household, so the probability of selection for
an individual is equal to the probability of selection for his or her household. If the survey protocol includes selecting a single
respondent in each eligible household, keep track of the probability of selection at that stage as well. For example, if there are
four eligible respondents and one is selected randomly, then multiply the probability of selection by 1/4.
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J.3 Adjusting for non-response
A full treatment of methods for accounting for missing data is beyond the scope of this manual, but we do provide guidance
that empowers survey designers to collect a dataset that will be compatible with modern methods.

The micro-planning for each cluster identifies a fixed set of households to visit. Field data collectors visit every household in the
sample. If the respondents are at home and cooperative in every home, there will be no missing data, and no extra uncertainty
in the survey results due to missing data. In most circumstances, though, there will be missing data of some kind:

e There may be entire clusters missing due to natural disaster, war, or other safety concerns.

e Entire households may be missing because no one was at home, despite repeated visits. It will be helpful to collect some
information from neighbours when respondents are not at home.

» Establish a protocol for asking neighbours whether there are eligible respondents living in the homes where no one is
at home.
» Record this information in a manner that can be coded in the dataset.
o This will help with adjusting for non-response.
o It will also be helpful information during survey data collection, as the team can be sure to revisit those households
that are most likely to have eligible respondents.
e Data may be missing from individual respondents, because the caretaker was not available or refused to participate.

e The data for single questions may be missing because respondents don't know or refuse to answer, or data collectors
mistakenly skip a question they should have asked.

Missing data can affect survey weights in several ways. All eligible respondents in the selected households should have a survey
weight. If there are households for which you do not know whether occupants were eligible, an adjustment may be made to
transfer the weight eligible respondents might have had, if you knew about them, to households for which you do know about
eligibility. See Valliant, et al. 2013 for a discussion of this adjustment. The statistician can use the information from homes with
respondents to estimate the number of eligible respondents that would have likely been in the homes with no information about
eligibility, and then allocate the weight from those missing respondents across the households that responded to the survey.

When there are eligible respondents whose responses are missing, the survey analysis plan should specify the method that
will be used to account for extra uncertainty due to not knowing what those responses might have been. Some missing data
techniques will involve adjusting survey weights, and some will not. If the survey dataset includes information on the outcome
of every visit to every household in the sample, the statistician will be able to construct an analysis plan and conduct analyses
that adjust for non-response.

Important information to inform adjustment for non-response:

e description in the analysis plan of how missing data will be handled: entire clusters, entire households, entire respondents,
and individual questions

e indication of whether the field data team obtained any information on the number of eligible respondents for each household

e number of eligible respondents in each household in the survey sample, as identified by an occupant of the household
(preferred) or by a neighbour.
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J.4 Post-stratification to re-scale survey weights

It may be possible to use the sum of survey weights in each stratum as a high quality estimate of the relative counts of eligible
population. (That is, if the sum of weights in Stratum A is 2X the sum in Stratum B, then we assume that Stratum A holds 2X
the number of eligible respondents as Stratum B, and when weights are aggregated across strata, the estimate from A will
be given 2X the weight as that from B. Both DHS and MICS use this approach.) To do this, all of the following must be true:

e the survey has access to high quality maps of cluster boundaries;

* does a thorough job of listing all households in each cluster;

e tracks the probability of selection at each stage;

e tracks information necessary to adjust for non-response; and

e each stratum includes about 30 or more clusters.

At the time of this writing, it is uncommon in EPI surveys for all of the conditions described above to be true. When they are not
all true, and if the weights are well constructed, the dataset can be used to estimate coverage proportions within individual
strata. But the dataset should not be used to aggregate across strata or to estimate totals, like the total number of children
vaccinated in a campaign. However, if up-to-date stratum-level total population figures or birth cohort totals are available from
the census agency, it is possible to re-scale the weights so they sum up to the desired total.

. . Known Eligible Population Total for Stratum
Scaled Weight; = Unscaled Weight;

Y. Unscaled Weights in Stratum

This method would be also applicable in a situation where survey designers decide to oversample the population in a stratum
of interest, relative to their portion of the overall population, in order to obtain precise coverage estimates for that stratum.
Before the data are aggregated across strata, the weights should be post-stratified.

The census agency may provide information on two or more variables, such as projected total eligible population by sex and
also by ethnic group. When these figures are provided as marginal population totals (by sex and ethnic group separately, not
every combination of sex and ethnic group) then the process known as raking can be used to post-stratify the weights. See Lohr
2009 or Valliant, et al. 2013 for more details.

Important information to inform post-stratification:
o |ikely eligible population totals for each geographic stratum (from census agency)
o likely totals for each demographic subgroup of interest within each geographic stratum (from census agency).

J.5 Additional comments

This manual strongly encourages conducting weighted statistical analysis of vaccination coverage survey data. The statistician
should be involved early in the project to make recommendations about how to select the sample, how questions should be
ordered and coded on data collection forms, how to adjust for non-response, how to post-stratify or make other adjustments to
weights, and how to incorporate weights into the analysis.

At each stage of selection careful work is required to track and record all the elements that go into calculating the weights. During
fieldwork careful work is required to record the outcome of every visit to every home. The result of the additional work required to
conduct a weighted analysis will be a set of results that are more representative and generalizable than they have been in the
past. EPI surveys with careful attention to random selection, appropriate use of survey weights and excellent quality control in data
collection will be more comparable to other modern surveys (such as the USAID Demographic and Health Surveys- DHS or UNICEF
Multi-Indicator Cluster Surveys-MICS) compared to surveys collected and analysed with earlier EPI cluster survey protocols.

188



Annexes

Annex K: Using software to calculate weighted coverage estimates

Calculating weighted coverage estimates from respondents with completed interviews is straightforward and may be
accomplished using any statistical software package. Some techniques for accounting for survey nonresponse may be
sophisticated and require special software. Calculating coverage confidence intervals is more complicated than point estimates,
and definitely requires software that accounts properly for the complex sample design as well as the survey weights.

The appropriate calculations can all be made using modern survey data analysis software like Stata, R, SAS, SUDAAN, SPSS,
Epi Info, and others. Consult the user documentation for your software package to be sure to use commands appropriate for
weighted analysis of stratified cluster survey data. Exploratory analyses might be conducted using interactive drop-down menus,
but the final calculations to be included in the survey report should use commands that are saved in a program or script or
syntax file, so important results are reproducible and auditable.

The WHO makes its Vaccination Coverage Quality Indicators (VCQI) tool freely available. VCQI is a set of Stata programs that
estimate coverage in a manner consistent with this manual. For more detail, see the WHO's immunization coverage webpage: VCQ
resources are available on WHO vaccination coverage survey webpage http://www.who.int/immunization/monitoring_surveillance/
routine/coverage/en/, under survey methods. The VCQI programs are provided free of charge, but you will need a licensed version
of Stata! version 14 or later to run VCQI, and the license for Stata is not free.

The following are best practices for including information about the software in the survey report:
1. Name the software package used and make the programs available for review.

2. Specify analysis choices and assumptions clearly. Describe how the data were weighted and how non-response is handled
in the calculations.

3. Use a method of calculating confidence intervals that yields appropriately asymmetrical intervals when the sample size is
modest and the estimated proportion falls close to 0% or 100%. All of the software packages described above can calculate
a so-called “logit interval”, which is a fine choice. If possible, we recommend using a Wilson interval with degrees of freedom
modified to be appropriate with the complex sample design, as described in Dean & Pagano, 2015. The WHO VCQI tool
calculates a Wilson interval with continuity correction, by default, as suggested by Fleiss, 2003.

4. When comparing coverage between subgroups or strata or over time, use a technique like the Rao-Scott chi-squared to
account for survey sampling and weights.

5. When classifying coverage, describe the classification rules and results clearly. Portray results graphically as described in
Annex M.

6. Be clear about which tables and output are describing the survey sample and do not need confidence intervals. Also be clear
about which tables and output are estimating outcomes for the broader population who were eligible for the survey; these
results should be accompanied by confidence intervals.

7. Portray results graphically, and include confidence intervals (or bounds, as appropriate) in the graphics.

8. Report clearly which data sources are considered in each result (cards alone, cards and health facility registries, cards and
caretaker recall, etc.).

9. Facilitate the planning of future surveys by including an annex in the survey report that lists the calculated design effect
and intracluster correlation coefficients from your survey for each important outcome in each stratum and overall.

1 https://www.stata.com/
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Annex L: Standard definitions for vaccine coverage indicators

Vaccine coverage indictors are the measures used to assess and track vaccination coverage. Coverage data affect vaccination
policies and programmes, so choices about what to measure and how to measure it have a real impact.

Why use standard coverage indicators?

WHO has developed a set of standard coverage indicator definitions for routine immunization surveys, tetanus protection-at-birth
surveys and supplemental immunization activity (SIA) surveys. These standard indicators are documented in the documents that
accompany WHO's Vaccination Coverage Quality Indicators (VCQI) tool, a freely available set of Stata programs for analysing
vaccination survey data.

Whether you use VCQI or not, calculate and report coverage in a manner consistent with these indicators so the numbers in
your report will be comparable with other WHO surveys. Under some circumstances you may wish to define new indicators or
to depart from the WHO standards. In every report, be clear about how your coverage indicators are defined and calculated.
What information does each standard coverage indicator include?

When you use the WHO indicators or VCQI tool, you can simply reference this manual or the VCQI documentation for coverage
indicators. If you choose to calculate different indicators, describe them carefully by including the following information:

e Who is included? Who is excluded?

® How are the denominator and numerator calculated?

e What is the role of weights, if any?

e How are missing data and "do not know" (DNK) responses handled?

e How should the results be interpreted and explained? (For example, do the results apply to the sample only, or to the whole
population from which the sample is drawn? Does the indicator include an estimate of sampling uncertainty and, if so, how
is it calculated?)

Below is an example of the information you will find for each coverage indicator in the VCQI documentation. This example is
for the crude coverage indicator.

RI_COVG_01: Crude coverage
Weighted: Yes
Denominator: Sum of weights for all respondents

Numerator: Sum of weights for respondents who received the vaccine dose per card or recall (or register, if health centres
were visited in this survey)

Missing/DNK: All respondents are in the denominator, even if their coverage responses from all sources are missing
or “do not know” (DNK). In the numerator, respondents with missing data or DNK responses are considered to have not
received the dose.

Interpretation: “X% of the population who were eligible for the survey are estimated to have received <dose>, as
documented by <source(s)>.”

Where can | find more information and updates on the standard vaccination coverage indicators?

You can find the full list of updated indicators and definitions in the “VCQI Results Interpretation Quick-Reference Guide.” For
guidance on how to calculate derived variables from survey variables, refer to the VCQI “Working List of Vaccination Survey
Analyses and Software Specifications.” Both are available at WHO’s Immunization Coverage website: http://www.who.int/
immunization/monitoring_surveillance/routine/coverage/en/index2.html.
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Annex M: Graphical display of coverage results

This annex describes confidence intervals, and makes recommendations for how to describe and portray them in survey reports

Survey reports should be clear regarding which tables and results are weighted and which are not. Introductory passages and
tables that describe the sample or the respondents might not mention weights, for example: “Across the entire survey, 9.6% of
the households visited did not have anyone at home during the initial visit, and 7.4% did not have anyone at home during any
visit”. There is no uncertainty associated with sample proportions. But when results are generalized to the eligible population,
sampling variability should be represented somehow, either with a standard error or, more commonly, with a 95% confidence
interval (CI). Whenever a weighted result is reported and interpreted as a population level estimate, we recommend that the
point estimate be accompanied by a 95% Cl.

In vaccination coverage surveys, readers typically pay most attention to the point estimate; the Cl is often omitted or ignored.
The reader may misunderstand the confidence interval, so the survey report should carefully explain that the interval describes
uncertainty due only to sampling error, and that it does not quantify bias or uncertainty due to any non-sampling errors. It is
a good idea to point out once, somewhere in the report, the strict frequentist interpretation of the Cl, as described in Annex A.
After explaining that, it is fine to use the common interpretation that “we are 95% confident that the true population parameter
falls within the Cl reported here if the net effect of biases in this survey is 0 (that is, any upward biases balance any downward
biases)”.

Confidence intervals are commonly reported in text and tabular formats, or sometimes represented with a thin straight line
marking an interval around the parameter point estimate. This manual recommends a graphical representation, where each
Clis displayed in two-dimensions instead of a simple line. Showing the probability distribution, with its peak in the centre and
much smaller tails, emphasizes to the reader that the population parameter is much more likely to fall near the point estimate
than near the ends of the CI.

Figure M-1. Two representations of the 95% confidence interval: a straight line with end caps, and a
two-dimensional probability distribution
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Three helpful 95% confidence intervals

The manual recommends calculating limits for three helpful 95% Cls. The first interval is illustrated in Figure M-2. Recall that for
the traditionally reported 2-sided 95% Cl, we represent the probability distribution of the estimated parameter, and we report the
point at which 2.5% of the probability falls to the left and 2.5% of the probability falls to the right. (The distributions in Figures
M-1 through M-7 are symmetric for purposes of illustration, but for an estimated binomial proportion, the distribution and the
95% Cl will be asymmetric when the estimated probability is not 50% and the sample size is not very large. See Figure M-8.)

Figure M-2. The most commonly reported 95% Cl is the interval defined by the lowest and highest
2.5% of probability

Innermost 95%
of probability

2.5% of probability 2.5% of probability

The second helpful interval is represented in Figure M-3. The lower limit of the interval is the point where 5% of the probability
falls to the left and 95% falls to the right. We call the left endpoint the 95% lower confidence bound (LCB). For an estimated
proportion, it is also valid to call the interval [LCB, 100%) a 95% CI. When specifying an interval, the square bracket “["or“]”
means that the endpoint is included in the interval, and the parenthesis “(“or“)”is not included in the interval.

Figure M-3. A second useful 95% CI for proportions is defined by the 95% LCB and 1.

5% of probability
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The third helpful interval described here is represented in Figure M-4. The upper limit is the point where 5% of the probability
falls to the right and 95% falls to the left. We call the right endpoint the 95% upper confidence bound (UCB). For an estimated
proportion, it is also valid to call the interval (0%, UCB] a 95% Cl.

Figure M-4. A third useful 95% CI for proportions is defined by 0% and the 95% UCB

5% of probability

Figure M-5 illustrates the point that the 95% LCB and UCB are located closer to the parameter point estimate than the limits
of the traditionally reported, equal-tailed 2-sided 95% CI.

Figure M-5. The 95% LCB and UCB fall inside the traditionally reported 95% Cl

LCB UCB

2.5% of probability ‘ 9 2.5% of probability

Subject to the usual caveats about interpreting what a Cl means, each of these intervals is equally valid for drawing conclusions
with 95% confidence:

e We can be 95% confident that the population parameter (in this case, vaccination coverage) falls within the traditionally
reported CI.

e We can be 95% confident that the population parameter is > the LCB.
e We can be 95% confident that the population parameter is < the UCB.
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M.1 Classification using LCB and UCB

If a confidence interval tells where the population parameter is likely to fall, then we can also say that the population parameter
is not likely to fall in the region outside the interval. This section describes the logic behind the practice of classifying coverage
using a 1-sided or 2-sided hypothesis test.

If we want to draw a conclusion about whether coverage is likely to have reached at least a fixed programmatic threshold such
as 80%, then we can use a 1-sided hypothesis test where the null hypothesis states that coverage is < 80% and the alternative
hypothesis states that coverage is > 80%. If we set, the probability of a Type | error, to be 5%, then the test statistic is the 95%
LCB. If the LCB is > 80%, we reject the null hypothesis and conclude that we can be 95% confident that coverage has reached
the threshold. This is a strong conclusion: the sample proportion will need to be high enough that the LCB is > 80% to reach
this conclusion. Because we are using the 95% LCB, the probability of mistakenly reaching the conclusion that the LCB will be
> 80% if the population coverage is < 80%, will be no more than 5%.

Conversely, if we want to draw a conclusion about whether coverage is likely to be equal to or lower than a threshold — that is,
that the stratum very clearly has poor coverage compared with the threshold — then we compute the 95% UCB and compare it
with the threshold. If it is less than or equal to the threshold, we might say that we are 95% confident that coverage is less than
or equal to the threshold. If the UCB is greater than the threshold, we say that the data do not warrant 95% confidence that
coverage is less than or equal to the threshold. The level of confidence can be quantified by the p-value of a test, as reported
by statistical software or estimated visually by looking at the where the threshold falls along the graphical distribution.

In some circumstances we might set o to a value other than 5%. If o = 10% then we would calculate a 90% LCB or UCB for
purposes of comparison. Annex B gives guidance on selecting sample sizes for classification, and includes power and sample
size tables for . = 5% and oo = 10%. It also provides equations to calculate sample sizes for other values of «, and provides
guidance for setting the other parameters that describe the statistical power of the hypothesis test classifier.

Note that a 1-sided hypothesis test is not the only method of classifying coverage, but it is the one recommended in this manual
because it yields strong conclusions.

See Annex N for specific examples of classifying coverage.

M.2 Summarizing the three useful Cls graphically

We recommend portraying the probability distribution associated with the confidence interval graphically, and all three Cls
described above are useful for indicating what the survey data have to say about where the population parameter is likely to fall.
It is not practical to use three graphical distributions for every estimated parameter. Figure M-6 shows all three for a situation
with estimated coverage of 50%, a sample size of 210, and a design effect of 2, as if from a classic EPI 30 x 7 survey with a
probability sample. If the traditionally listed Cl were presented in the text, we would say the estimated coverage is 50% (95%
Cl: 40.2%-59.8%). Portrayed graphically, it is the lowest of the three distributions in Figure M-6.

Rather than show three graphical distributions for each estimated coverage figure, we recommend using a graphic like that
in Figure M-7, where the 2-sided 95% Cl is shown with a graphical probability distribution, appropriately asymmetric as the
estimated coverage approaches 0% or 100%. We recommend that the 95% LCB and UCB be indicated with small black tick
marks at the sides of the distribution, to facilitate classification with 95% confidence. The estimated coverage figure can be
indicated subtly with a coloured line inside the probability distribution. The colour of the distribution can also be coded to
indicate classification results, as described in Annex N. The usefulness of this type of representation becomes more obvious
when results are reported for several strata at once, as is true in Annex N, and when the results are plotted along with a relevant
programmatic goal.
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Figure M-6. Three useful Cls for a survey sample with estimated coverage of 50%
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Figure M-7. Recommended graphical representation of 95% Cl, LCB and UCB

LCB ucB

50.0 [40.2,59.8] (0.0,58.3] [41.7,100)

0 25 50 75 100

Figure M-8 is the same as Figure 9 found in section 6.5.2 of this manual. Coverage results are portrayed for 24 districts, and
there is a red line to indicate the programmatic goal of 95% coverage. The LCB and UCB tick marks allow easy classification
with respect to the coverage target: it is possible to tell at a glance which districts have coverage very likely greater than or
equal to 95%, which have coverage very likely below 95%, and which districts are near 95%, but we can’t be 95% confident
whether their coverage is above or below the threshold. Most of what the survey says about estimated coverage in this province
is intuitively understandable from the figure. This Figure lists all three Cls to the right of the graph. It is also possible to remove
the Cls from the figure and use an accompanying table instead, devoting the full width of the figure to graphical representation.

Note that the distributions in Figure M-8 use equal area representations of confidence. Within the limits of the figure size,
the same number of grey pixels makes up each distribution; each distribution represents 95% confidence. When a district’s
confidence is spread over a wide region, the distribution is not tall, because those pixels have to cover a wide expanse. When the
confidence is confined to a narrow region, as for the province-level distribution or for districts H, L, and C, then the distributions
are much taller in the centre, hopefully attracting the reader’s eye and making it clear that the survey inference about coverage
is quite precise.
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The WHO VCAQI tool includes a program to make these so-called inchworm plots. See the VCQI documentation to learn more
and join the VCQI User’s Group on the TechNet-21 website! to view tutorials on how to make these plots. It is our hope that this
representation will shift attention away from a single-minded focus on coverage point estimates, and intuitively communicate

what the survey does and does not tell us about likely coverage levels.

Of course, narrower confidence intervals mean that we have high precision — a good idea of where coverage is likely to fall.
While wide Cls mean that our confidence is less focused, even wide Cls give a clear indication of where coverage is likely not

to fall, which can often be helpful.

Finally, interpretation of these figures is subject to all the usual caveats that should accompany confidence intervals: if there
are important biases in the survey methods or execution, then the true population coverage can fall far below or far above the
95% confidence interval. In order for the Cls to be meaningful, it is important to make every effort to keep biases to an absolute
minimum. The survey report should describe efforts to minimize bias in great detail, and should be honest about those biases
that may have crept in to the project, so that readers of the report can draw a helpful conclusion about whether the Cls are
likely to be meaningful (that is, fall near the true population coverage values). When bias has been minimized, the confidence

intervals are useful for purposes of classification, as described in Annex N.

Figure M-8. Graphical coverage survey results for 24 districts and the province that they comprise
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1 https://www.technet-21.0rg/en/network/groups/293-vcqi
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Annex N: Examples of classifying vaccination coverage

In this annex we apply four different classification rules to the same coverage estimation results, and consider the merits of:
e classifying into three categories, high, low and intermediate, rather than using only two categories
e portraying classification results graphically rather than using only tabular output.

N.1 Classifying coverage into categories

This manual recommends using upper and lower confidence bounds (usually 95% confidence bounds) to accomplish
classification. This is an implementation of a 1-sided hypothesis test. If we apply a single test then we obtain two classification
categories, which may be given different labels depending on the context. In this annex we call them pass for high coverage
and failfor low coverage. If two hypothesis tests are applied instead, then there could be three outcome categories: high, low,
and intermediate.

Figures N-1 through N-4 portray the same data as those in Figure 10 in section 6.4.2 of this manual: estimated measles SIA
coverage for 24 fictional districts, based on samples of 15 clusters and 10 respondents per cluster in each district. For each
district, the 95% confidence interval is indicated using a coloured probability distribution that has been clipped at the upper
and lower limits of the interval. The 95% upper and lower confidence bounds are indicated with small black tick marks.

Three intervals are listed at the right side of each distribution. The first is the classic 2-sided 95% confidence interval. The second
is the interval that extends from 0% coverage up to the 95% upper confidence bound. The third is the interval that extends
from the 95% lower confidence bound up to coverage of 100%. All three intervals are equally valid for drawing conclusions with
95% confidence. The regions are plotted in increasing order of coverage point estimate, from bottom to top. The red vertical line
marks the spot where coverage is 95%, an important programmatic threshold for measles. The district data are aggregated to
estimate province coverage (shaded with a light gray bar) very precisely.

The following four classification rules could be applied to the results:

1. Asimple rule might use only the point estimate to classify, assigning the label passto districts where the estimated coverage
is greater than or equal to 95% and fail to those with estimated coverage below 95%. See Figure N-1.

2. Another rule might say that districts where the lower 95% confidence bound is greater than or equal to 95% coverage should
be designated as pass, and all others should be designated fail. See Figure N-2.

3. Conversely, we could say that any district where the upper 95% confidence bound is less than 95% is designated as fail,
and all others are designated pass. See Figure N-3.

4. The final alternative has some important advantages over the previous three: it assigns three labels instead of two. If the

lower 95% confidence bound is greater than or equal to 95%, call it pass; if the upper 95% confidence bound is below 95%,
call it fail, and otherwise call the results intermediate. See Figure N-4.
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Figure N-1. The 24 districts, with coverage color-coded into two categories: pass if point estimate >

95% and fail otherwise
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In Figure N-1, the green districts denote any stratum with a survey-weighted coverage point estimate equal to or above 95%,
regardless of the precision of the estimate. Red districts similarly denote any stratum with a survey-weighted coverage point
estimate below 95%, regardless of the precision of the estimate. Both classifications are very clear but comparatively weak in
that they do not incorporate any information about the precision of the estimate. Districts with coverage very near the threshold
of 95% could easily be misclassified, and the labels do not distinguish between those areas like district F, which clearly falls
well below the threshold, and districts A, E, and Q, which have about one-third of their probability distributions falling above

the threshold.
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Figure N-2. The same 24 districts, with coverage colour coded into two categories: pass if LCB > 95%
and fail otherwise
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In Figure N-2, the green distributions indicate strata (districts) where the 95% lower confidence bound is equal to or above
95%. These districts are classified as pass, and we can be 95% confident that the campaign coverage there is at least 95%.
This is a strong conclusion with o = 5%.

The red districts show any stratum that was not classified as pass. These are locations where we cannot be 95% confident
that the campaign coverage was at least 95%. This is a comparatively weak conclusion. Note especially districts X and G; they
may very well have achieved campaign coverage equal to or above 95%, but they simply did not reach the strict criterion to
be classified as pass according to this rule. Thus its categorization as fai/, along with that of districts like F, I, S, W, P, V, and
J that are clearly below 95%, is a weak categorization because they are all categorized together even though their campaign
performances appear to be quite different.

In some cases this conservative categorization is desirable because it continues to assume that coverage may be low until
there is very strong evidence to the contrary. That may be prudent and in the best interest of the children of these districts.
But it would be unfortunate to simply report the pass/fail status of the districts, and disregard the information contained in
the confidence intervals and boundaries. Even when confidence intervals are wide, they may still be very informative, so we
recommend portraying results graphically in this manner, along with the results of the classification rule.
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Figure N-3. The same 24 districts, with coverage colour coded into two categories: fail if upper
confidence bound < 95% and pass otherwise
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In Figure N-3, the red districts denote any stratum with an upper 95% confidence bound that is above 95%. We can be 95%
confident that campaign coverage in these strata is above 95%. This is a strong conclusion with o = 5%.

Green districts denote strata where the upper 95% confidence bound is at or above 95%. The green pass classification does not
guarantee that their coverage is at or above 95%, but only that we cannot say that their coverage is below 95% with o = 5%. This
characterization of pass is weak compared to that in figure N-2. Note especially districts N, T, and 0. The classification scheme
assigns them green distributions, and yet the vast majority of their confidence bands fall below the 95% coverage threshold.

Again, it would be unfortunate and possibly misleading to report only the results of the classification rule. Show the coverage
graphically with confidence intervals, along with the classification outcomes.

The rules used in Figures N-1 through N-3 each result in a two-outcome classification, in which each district either passes or

fails and the criterion is clear. In each case, one or more of the categorizations is comparatively weak in conveying confidence
that coverage is above or below 95%.
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A three-outcome scheme that can be informative is portrayed in Figure N-4. The classification rules are as follows:

o |fthe lower 95% confidence bound is at or above the threshold of interest (for example, 95%), conclude that district coverage
is very likely to be at or above 95%.

e |fthe upper 95% confidence bound is below 95%, conclude that the district coverage is very likely to be below 95%.

e |f 95% falls between the lower and upper confidence bounds, conclude that the sample size is too small to say confidently
whether the district coverage is above or below 95%. Call this category intermediate.

In Figure N-4, green distributions indicate strata (districts) where the 95% lower confidence bound is at or above 95%. These
districts are classified as pass. This is a strong conclusion, and we can be 95% confident that the campaign coverage there
is at least 95%.

Red distributions indicate districts where the 95% upper confidence bound is below 95%. These districts are classified as fail.
This is a strong conclusion, and we can be 95% confident that the campaign coverage there is below 95%.

Yellow distributions indicate districts with confidence bounds that straddle the 95% threshold, so these data cannot be used
to classify them the districts as higher or lower than 95% (pass or fail) at o« = 5%. We might say that coverage is either too
close to 95% or estimated too imprecisely to confidently categorize the district as above or below that important threshold.
Depending on your perspective, this might be considered either a strong or weak conclusion.

Note that the number of yellow districts will be a function of true coverage, sample size, ICC (intraclass correlation) and «
(alpha). If we relaxed alpha to 10% (results not shown here), districts N-and O would likely be classified as fai/, and no additional
districts would be likely to pass.

Annex B1 helps survey designers select a sample size that increases the likelihood that coverage at the district-level will be
far enough from the threshold to be classified correctly as pass or fail. If the coverage is very near the threshold, a large and
expensive survey would be required to classify those districts confidently and give policymakers a conclusion that is both
strong and accurate. If you restrict the classification to two levels (pass or fail), the results will appear to be simpler, but one or
both of the two classifications will always be imprecise, and therefore weak and probably misleading for some districts, when
communicated without the corresponding confidence interval.
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Figure N-4. The same 24 districts, with coverage colour-coded into three categories: fail if upper
confidence bound < 95%, pass if lower confidence bound > 95%, and intermediate otherwise
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N.2 Improving clarity of results by using graphs

Regardless of how the sample size was originally determined, the scheme for assigning labels like pass and fail should be clear
as long as the classification logic is described clearly, and the point estimates and confidence intervals or bounds are listed.
We recommend that plots similar to those in this annex be constructed and reported for each antigen and dose of interest, for
each level of administrative hierarchy in the survey, showing the 95% confidence interval, the upper and lower 95% confidence
bounds, and the coverage point estimate. Much of what needs to be inferred about coverage will be self-evident with these
plots, and any classification schemes should be easy to understand as well.
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Annex 0: Missed opportunities for vaccination (MOV) analysis

0.1 Introduction

A broad variety of authors in the peer-reviewed literature have calculated reasonable and logical measures for missed
opportunities for vaccination (MOV) based on survey datasets. As far as we are aware, however, there is no definitive guide or
consensus document regarding which measures are clearest and most helpful to EPI programme managers.

Some measures are likely to be better than others for specific purposes. This annex provides some details and worked examples of
MOV analysis, working through vaccination records for five children and precisely calculating the numerators and denominators
for the measures suggested here. Furthermore, this annex illustrates that the calculations are complicated by how one addresses
the topic of doses administered too early (either before the minimum age of eligibility or before the minimum intra-dose interval
has elapsed). If the calculations utilize a crude dose analysis and count all doses that are administered, the calculations will
yield one set of MOV results. If, instead, a valid dose analysis is conducted and the calculations do not “count” doses that were
administered early, children who received early doses will be considered to be under-vaccinated, and as having missed more
opportunities for vaccination than would be counted for them in a crude dose analysis. Whether you prefer the crude or valid
dose MOV analysis may depend on the main objective of your analysis.

The calculations for the valid dose analysis are substantially more complicated than those for crude doses, so it may suffice
to do the crude calculations and then include language in the survey report explaining that the MOV results represent a lower
bound, and that higher rates of MOV would likely result from a valid-dose analysis. The document can point to the difference
between crude and valid dose coverage, which is calculated as part of the standard coverage survey analysis, to demonstrate
the degree to which a crude dose MOV analysis might underestimate what would be obtained in a valid dose analysis.

The WHO tool named Vaccination Coverage Quality Indicators (VCQI) can calculate the MOV indicators described here using
either approach: 1) all doses count (crude) when calculating dose eligibility, or 2) only valid doses count, meaning that the
child is considered eligible to re-receive doses that were invalid.

0.2 Examples
Two examples will be worked through to illustrate an MOV analysis. The first example consists of faux data for five children, and
the second example uses actual data from a recent Demographic and Health Survey (DHS).

First, consider the following dates of vaccination for five children in a country whose vaccination schedule is:

1. DTPCV, OPV, and RV (three-dose formulation of RV) beginning at a minimum age of six weeks and with a minimum interval
of four weeks between doses;

2. OPVO from birth to two weeks and BCG from birth; and

3. MCV1 from age 9 months. Note that in this example, for simplicity, no vaccines were received early (that is, before the child
was eligible to receive them) and all vaccines were received before the child was 12 months old.
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Table 0-1: Dates of vaccination for five children

Child A Child B Child C Child D Child E
Date of birth

(d/m/y) 05/05/2012  15/08/2012  20/09/2012  18/07/2012  17/05/2012

From birth BCG 07/05/2012 25/08/2012 19/12/2012 17/04/2013 29/05/2012
From birth to two weeks OPVO 07/05/2012 29/08/2012 29/05/2012
DTPCV1 16/06/2012 26/09/2012 01/11/2012 29/08/2012 06/07/2012

From six weeks 0PV1 16/06/2012 06/10/2012 08/11/2012 29/08/2012 06/07/2012
RV1 16/06/2012 26/09/2012 08/11/2012 29/08/2012 20/07/2012

DTPCV2 16/07/2012 03/11/2012 29/11/2012 26/09/2012 19/08/2012

At least four weeks

. 0PV2 16/07/2012 03/11/2012 29/11/2012 26/09/2012 18/09/2012

after previous dose
RV2 16/07/2012 24/10/2012 29/11/2012 26/09/2012 19/08/2012
DTPCV3 13/08/2012 13/12/2012 20/06/2013 16/09/2012

At least four weeks
after previous dose 0PV3 13/08/2012 13/12/2012 20/06/2013 16/10/2012
RV3 13/08/2012 13/12/2012 20/06/2013 16/10/2012
From nine months MCV1 02/02/2013 11/06/2013 17/04/2013 14/02/2013

Fully vaccinated Yes Yes No No Yes

Child A received all vaccines at or close to the recommended age with no MOV. This child had been seen on five separate
occasions, none of which resulted in MOV.

Child B had a MOV for OPVO which could have been given on the same day as BCG, another MOV for OPV1 which could have
been given on the same date as DTPCV1 and RV1, and a third MOV for DTPCV2 which could have been given on the same date
as RV2. (Note that OPV2 could not have been given on that date because fewer than 28 days had passed since OPV1.) The
child had been seen on eight separate occasions, three of which resulted in at least one MOV. All MOVs were corrected by the
time of the survey.

Child C had three MOVs for BCG, which could have been given on the same date as DPTCV1, OPV1/RV1, or DPTCV2/0PV2/RV2.
There was also an MOV for OPV1 and RV1, which could have been given on the same date as DTPCV1, and another MOV for
MCV1, which could have been given on the same date as the third dose of DTPCV, OPV, and RV. The child had still not received
MCV1 by the time of the survey (an uncorrected MOV), but all other MOVs were corrected by the time of the survey. The child had
been seen on five separate occasions, four of which resulted in at least one MOV. (Note that although the child did not receive
OPV0, there had been no opportunity for it because the other vaccines were all given after 14 days of age.)

Child D had two MQVs for BCG, which could have been given at the time of the first or second dose of DTPCV. This child also
had an MOV for the third dose of DTPCV, OPV, and RV, which could have been received at the same time as MCV1. The child had
not received the latter vaccinations by the time of the survey (an uncorrected MOV). The child had been seen on three separate
occasions, all three of which resulted in at least one MOV. (Note that although the child did not receive OPV0, there had been
no opportunity for it because the other vaccines were all given after 14 days of age.)

Child E had an MOV for RV1, which could have been received on the same date as DTPCV1 and OPV1; , two MOVs for OPV2, which
could have been received on the same date as DTPCV2 or DPTCV3; , and two MOVs for RV3, which could have been received on
the same date as DTPCV3 or OPV2. This child had been seen on eight separate occasions, four of which resulted in at least one
MOV. All MOVs were corrected by the time of the survey.
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Data from all the children in the survey can be cumulated to develop tables such as those shown below. Table 0-2 through 0-4 are
intermediate calculations for the latter three summary tables (Tables 0-5 through 0-7), and are shown for illustrative purposes.
Summing across all five children for each vaccine in the intermediate tables produces counts in the latter three summary tables.
The summary tables, 0-5 through 0-7, are the tables we suggest should be shown in an MOV analysis report. Add rows to the
table for other vaccines in the survey that are not listed in these example tables (for example, HBVO, PCV1-3, YF1).

Visit-based analyses

The visit-based (VB) analysis consists of three calculations: the proportion of visits resulting in MOV for each vaccine (VB1), the
proportion of visits resulting in at least one MOV across all vaccines (VB2), and the rate of MOVs per visit across all vaccines
(VB3).

(VB1) Proportion of visits resulting in an MOV for a given vaccine:

Numerator: Number of visits where a child received another vaccine (proven by card or register) and was eligible for the
considered dose, but did not receive the considered dose

Denominator: Number of visits where a child was eligible to receive the considered dose

(VB?) Proportion of visits with at least one MOV (across all vaccines)

Numerator: Number of visits with at least one MOV (for any vaccine)

Denominator: Number of visits where a child was eligible to receive at least one vaccine

(VB3) Rate of MOVs per visit (across all vaccines)

Numerator: Number of MOVs summed across all vaccines (i.e., sum of VB1 numerator across all vaccines)
Denominator: Same denominator as (VB2)

Note: This calcuation is a rate, and so results greater than one are plausible.
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Table 0-2: Number of visits resulting in an MOV for a given vaccine, broken out by child ID
(intermediate step for visit-based analysis)

Child ID: Contribution to the Child ID: Contribution to the
Numerator Total Denominator
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Tahle 0-3: Number of visits with at least one MOV (across all vaccines), broken out by child ID
(intermediate step for visit-based analysis)

Child ID: Contribution to the Child ID: Contribution to the
Numerator Total Denominator Total

Vaccine B C D E numerator A B C D £ denominator
BCG
0PVO
DTPCV1
0PV1
RV1
DTPCV2
0PV2
RV2
DTPCV3
0PV3
RV3
MCV1
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Child-based analyses

The child-based (CB) analysis consists of two calculations: the proportion of children who had at least one MOV for a given
vaccine (CB1), and the proportion of children with at least one MOV across all vaccines (CB2). CB1 can be further subdivided
into the proportion of children who never received the particular vaccine (an uncorrected MOV) vs. those who did receive it by
the time of the survey (a corrected MOV). Similarly, CB2 can be subdivided into the proportion of children for whom none, all or
some of the MOVs were corrected by the time of the survey.

(CB1) Proportion of children who had at least one missed opportunity for a given vaccine:

Numerator: Number of children with at least one vaccination date recorded who were eligible to receive the considered dose,
but did not receive the considered dose

Denominator: Number of children with at least one vaccination date recorded who were eligible to receive the considered dose

Subdividing (CB1):

(CB1a) Proportion of children with uncorrected MOVs
Numerator: Children in (CB1) numerator who had not received the given vaccine by the time of the survey
Denominator: Same denominator as (CB1)

(CB1b) Praportion of children with corrected MOVs

Numerator: Children in (CB1) numerator who had received the given vaccine at a later visit as evidenced by the
vaccination card

Denominator: Same denominator as (CB1)

(CB2) Proportion of children who had at least one missed opportunity for any vaccine:

Numerator: Number of children with at least one vaccination date recorded who did not receive a vaccine/dose when they were
eligible for it

Denominator: Number of children with at least one vaccination date recorded who were eligible to receive at least one vaccine/
dose

Subdividing (CB2):

(CB2a) Proportion of children with no corrected MOVs corrected
Numerator: Children in (CB2) numerator who had not received the vaccine(s) by the time of the survey
Denominator: Same denominator as (CB2)

(CB2b) Proportion of children with all corrected MOVs corrected
Numerator: Children in (CB2) numerator who had received the vaccine(s) at a later visit as evident on the vaccination card
Denominator: Same denominator as (CB2)

(CBZc) Proportion of children with some corrected MOVs corrected
Numerator: Children in (CB2) numerator who had received some, but not all, of the vaccine(s) at a later visit, as
evidenced by the vaccination card
Denominator: Same denominator as (CB2)
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Table 0-4: Number of children who had at least one missed opportunity for a given vaccine, broken
out by child ID (intermediate step for child-based analysis)

Child ID: Contribution to the Child ID: Contribution to the
Numerator Total Denominator
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Table 0-5: Visit-based analysis: Missed opportunities for vaccination among (n = 3) children with a
documented date of vaccination for at least one vaccine

Number of
Number of visits where Rate of
visits where child was MOVs per
a child is Number Percent eligible to Number Percent visit (# of
eligible to of visits of visits receive at of visits of visits vaccines
receive the resultingin resultingin  leastone  resultingin resultingin  missed per
vaccine aMov aMov vaccine 1+ MOV 1+ MOV visit)
VBI VBI VB2 VB2
Vaccine/dose Denominator ~ Numerator VBI Denominator ~ Numerator /274 VB3
BCG 10 5 50.0
OPVO 4 1 25.0
DTPCV1 5 0 0.0
0PV1 7 2 28.6
RV1 7 2 28.6 19/29=0.66
DTPCV2 6 1 16.7 (Implies 1
29 14 48.3 MOV per
0PV2 7 2 28.6 (1/0.66)=1.5
RV2 5 0 0.0 visits)
DTPCV3 5 1 20.0
0PV3 5 1 20.0
RV3 7 3 42.9
MCV 1 5 1 20.0

Note: A child can have more than one MOV for a given vaccine. For example, a child who received three doses of DTPCV, but whose date of B(G was the same
date as the measles vaccine, had at least three previous visits that were missed opportunities to administer BCG.
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Table 0-6: Child-based analysis (by vaccine): Missed opportunities for vaccination among (n = 5)
children with a documented date of vaccination for at least one vaccine — child-based analysis

Number of Percent of

Number of children children Number of  Percent of
children with  Number of  Percent of with an withan  children with children with
1+ eligible children with children with uncorrected uncorrected acorrected a corrected
visit date 1+ MOV 1+ MOV MoV mov Mov mov
CBI CBI CBla CBI1b

Vaccine/dose Denominator ~ Numerator CBI Numerator CBla Numerator CBIb
BCG 5 2 40.0 0 0.0 2 40.0
OPVO0 3 1 33.3 0 0.0 1 33.3
DTPCV1 5 0 0.0 0 0.0 0 0.0
0PV1 5 2 40.0 0 0.0 2 40.0
RV1 5 2 40.0 0 0.0 2 40.0
DTPCV2 5 1 20.0 0 0.0 1 20.0
0PV2 5 1 20.0 0 0.0 1 20.0
RV2 5 0 0.0 0 0.0 0 0.0
DTPCV3 5 1 20.0 1 20.0 0 0.0
0PV3 5 1 20.0 1 20.0 0 0.0
RV3 5 2 40.0 1 20.0 1 20.0
MCV 1 5 1 20.0 1 20.0 0 0.0

Table 0-7: Child-based analysis (across all vaccines): Missed opportunities for vaccination among
(n = 5) children with a documented date of vaccination for at least one vaccine

Percent
Number of of
Percent Percent  children  children
Number of of Number of of with 1+ with 1+
children  children  children  children MOVwho MOV who
Number of Percent  with 1+ with 1+ with 1+ with 1+ have have
children  Number of of Mov MoV M.0. who MOV who some, some,
with 1+ children  children whohad whohad have all have all but not but not
eligible visit  with 1+  with 1+ no MOV no MOV MOVs MOVs all, MOVs  all, MOVs
date MoV MoV corrected corrected corrected corrected corrected corrected
CB2 CcB2 CB2a CB2b CBZ¢c
Denominator Numerator CB2 Numerator ~ CBZ2a Numerator ~ CB2b Numerator CBZc
All
doses 5 4 80.0 0 0.0 2 40.0 2 40.0

In the example above, no vaccines were received early (that is, before the child was eligible to receive them). This is not always
the case, as sometimes early (invalid) doses are administered. Early could mean either before the child was old enough or before
enough time had elapsed since the last dose.

An MOV analysis could be conducted in two ways: (1) treating all early doses as valid or (2) treating early doses as invalid.
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If early doses are considered invalid, later visits would have potentially offered a chance to correct for the invalid dose by repeating
it. For example, consider a country where DPTCV1 is scheduled to be given at 6 weeks of age. Imagine a child who received the
first documented dose of DPT at 5 weeks of age instead of 6. In the analysis of coverage according to valid doses (section 6.3),
DTPCV1 would be discounted, and if the child had received DTPCV?Z it would count as DTPCV1, while DTPCV3 would count as
DTPCV2. There may have been an opportunity to compensate for the invalid DTPCV1 doses prior to the actual date of DTPCV2,
and there may have been an opportunity to give an additional dose at an older age (for example, at the time of the measles
vaccination), which would mean the child had three valid doses. Analysing MOVs where early doses are considered invalid
is a complicated task when considering vaccines that are part of a series (for example, DTPCV and OPV), as there are many
combinations of how doses might be received early. Results for the two different approaches appear in the tables below. For
this country, the vaccination schedule is OPVO from birth to 2 weeks, BCG from birth, DTPCV and OPV beginning at a minimum
age of 6 weeks and with a minimum interval of four weeks between doses, and MCV1 from age 9 months.

The only children included in the analysis were those who were alive at the time of the survey, had at least one vaccination date
recorded on their cards, and had a card with plausible vaccination dates for all vaccines (for example, the day of vaccination
was not larger than 31 or and the month of vaccination was not larger than 12). A total of 2,704 children were included in the
MOV analysis. These children were aged 0 to 5 years old and had a total of 10,606 visit dates.

For these 2,704 children, only vaccines that corresponded to a date on the card or that had not been received were included
in the MOV analysis. Vaccines that were reported by the caretaker as having been received, or that had a mark on the card
as evidence of being received, were not included in the analysis, as it cannot be determined whether these were valid doses
or if opportunities to receive other vaccinations were present at that vaccination. This is why the number of children with an
eligible date to receive BCG is 2,666, not the number of children analysed (2,704); there were 38 children with either a record
of receiving BCG by caretaker recall or as a mark on card.

Tables 0-8 to 0-10 present results when all doses are considered valid (early doses count). If a child received a dose too early,
before he or she was eligible by age or time interval between doses, the dose was counted as having been received and no
penalty for a missed opportunity occurred (that is, visit/child appears in denominator but not in the numerator).

Tables 0-11 to 0-13 show results when only valid doses go into the measure calculations (not all doses are valid). If a child
received a dose too early (before he or she was age-eligible or interval-eligible), then the dose was NOT counted as having been
received. If the dose was part of a series vaccine, then in some instances a subsequent dose may be eligible to replace the
invalid earlier dose. The visit in which the early dose was received is not counted in the denominator and therefore not eligible
to appear in the numerator. Visit dates for the child that occurred after the child was eligible to receive a valid dose will count
in the denominator as an eligible visit date, and in the numerator as a missed opportunity.

Note that results for BCG and OPVO0 are equivalent in the two approaches, as expected. Neither of these vaccines can be given
too early, and so early doses were not of concern. OPVO0 is not valid if it is received after 14 days from birth in either analysis.
If the child received OPV0 after the child was 14 days old, then the vaccine was not entered into the either side of the MOV
analysis in either analysis (that is, not in the denominator and therefore not eligible for the numerator).

Comparing the visit-based tables between these two analysis methods (Table 0-8 and Table 0-11), the percent of visits
resulting in an MOV significantly increased for DTPCV3 and OPV3, from 3.5% to 16.5% and from 2.6% to 15.1%, respectively.
The percent of visits resulting in one or more MOV across all vaccines increased from 11.3% to 14.9% when early doses were
not counted in the analysis. The rate of MOVs per visit decreased from one MOV per 5.9 visits to one MOV per 4.3 visits when
early doses were not counted. This is because in the analysis that does not count early doses, there were more visits resulting in
MOVs (numerator) and fewer visits where the child was eligible to receive at least one vaccine (denominator), so the reciprocal
produces a smaller rate compared to the “all doses are considered valid” analysis.
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In the child-based analysis by vaccine (Table 0-9 and Table 0-12), these two methods differed considerably in the percent of
children with at least one MOV calculation for DTPCV3 and OPV3, from 3.3% to 16.3% and from 2.4% to 14.8%, respectively.
The child-based analysis across all vaccines tables (Tables 0-10 and 0-13) estimated 29.4% of children had at least one MOV
when early doses were counted, compared to 36.7% when early doses were not counted. The percent of children with at least
one MOV who had no MOVs corrected went from 5.3% to 12.3% when early doses were not counted.

Tahle 0-8: Visit-based analysis: Recent DHS missed opportunities for vaccination among (n = 2,704)
children with a documented date of vaccination for at least one vaccine — all doses valid (early doses
count)

Number of
Number of visits where Rate of
visits where child was MOVs per
a child is Number Percent eligible to Number Percent visit (# of
eligible to of visits of visits receive at of visits of visits vaccines
receive the resultingin  resultingin  least one resultingin  resultingin  missed per
vaccine an MOV an MOV vaccine 1+ MOV 1+ MOV visit)
VB1 VB1 VB2
Vaccine/dose Denominator ~ Numerator VBI VB2 Numerator VB2 VB3
BCG 2,798 152 5.4
0PVO0 1,678 39 2.3
DTPCV1 2,978 550 18.5 o
0PV1 2,932 491 16.7 (Imﬁlies 1
DTPCV2 2,222 49 2.2 10,606 1,203 11.3 MOV per
OPV2 2,219 31 1.4 (10.17=5.9
visits)
DTPCV3 1,978 70 35
0PV3 1,972 51 2.6
MCV 1 1,807 319 17.7

Note: A child can have more than one MOV for a given vaccine. For example, a child who received three doses of DTPCV, but whose date of B(G was the same
date as the measles vaccine, had at least three previous visits that were missed opportunities to administer BCG.
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Table 0-9: Child-based analysis (by vaccine): Recent DHS missed opportunities for vaccination among
(n = 2,704) children with a documented date of vaccination for at least one vaccine — all doses valid
(early doses count)

Number of Number of  Percentof  Numberof  Percent of
children children children children children
with 1+ Number of  Percent of with an with an with a with a
eligible visit  children children  uncorrected uncorrected corrected corrected
date with 1+ MOV  with 1+ MOV (1)} (1)} (1)} (1)}
CBI CBI CBla CBI1b
Vaccine/dose Denominator ~ Numerator CB1 Numerator CBla Numerator CB1b
BCG 2,666 109 41 20 0.8 89 33
OPVO 1,671 39 2.3 21 1.3 18 1.1
DTPCV1 2,499 490 19.6 71 2.8 419 16.8
0PV1 2,486 462 18.6 45 1.8 417 16.8
DTPCV2 2,182 41 1.9 9 0.4 32 1.5
0PV2 2,191 30 1.4 3 0.1 27 1.2
DTPCV3 1,926 63 33 18 0.9 45 2.3
0PV3 1,933 47 2.4 12 0.6 35 1.8
MCV 1 1,535 172 11.2 47 3.1 125 8.1

Table 0-10: Child-based analysis (across all vaccines): Recent DHS missed opportunities for
vaccination among (n = 2,704) children with a documented date of vaccination for at least one
vaccine — all doses valid (early doses count)

Number of
Number of Percent of Number of Percentof children
children children children children with 1+

Number of with 1+ with 1+ with 1+ with 1+ MOV who
children Percent of MOV who MOV who M.0. who MOV who had some,
with 1+ Number of children had no had no had all had all but not

eligible visit  children with 1+ MOVs MOVs 'S MOVs all, MOVs
date with 1+ MOV MoV corrected corrected corrected corrected corrected
CB?
Numerator (&
Denominator
for CB2a,
CB? CB2b & CB2a CB2b CBZ¢c
Denominator CBZc) CcB? Numerator CB2a Numerator CB2b Numerator
All
doses 2,704 796 29.4 142 17.8 605 76.0 49
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Table 0-11: Visit-based analysis: Recent DHS missed opportunities for vaccination among (n = 2,704)
children with a documented date of vaccination for at least one vaccine — not all doses valid (early
doses DO NOT count)

Number of
Number of visits where Rate of
visits where child was MoVs per
a child is Number Percent eligible to Number Percent visit (# of
eligible to of visits of visits receive at of visits of visits vaccines
receive the resultingin  resultingin  least one resultingin  resultingin  missed per
vaccine an MOV an MOV vaccine 1+ MoV 1+ MoV visit)
VB1 VB1 VB2
Vaccine/dose Denominator ~ Numerator VB1 VB2 Numerator VB2 VB3
BCG 2,798 152 54
OPVO 1,678 39 2.3
DTPCV1 2,963 562 19.0 017
0PV1 2918 503 17.2 0.23
DTPCV2 2187 81 3.7 10,106 1,510 14.9 (Implies 1
MOV per
0PV2 2,167 44 2.0 (1/0.23) = 4.3
DTPCV3 1,828 302 165 visits)
0PV3 1,844 279 15.1
MCV 1 1,599 332 20.8

Note: A child can have more than one MOV for a given vaccine. For example, a child who received three doses of DTPCV, but whose date of BCG was the same
date as the measles vaccine, had at least three previous visits that were missed opportunities to administer BCG.

Table 0-12 Child-based analysis (by vaccine): Recent DHS missed opportunities for vaccination
among (n = 2,704) children with a documented date of vaccination for at least one vaccine — not all
doses valid (early doses DO NOT count)

Number of Number of  Percentof  Numberof  Percent of
children children children children children
with 1+ Number of  Percent of with an with an with a with a
eligible visit  children children  uncorrected uncorrected corrected corrected
date with 1+ MOV  with 1+ MOV MoV MoV MoV MoV
CB1 CB1 CBla CB1b
Vaccine/dose Denominator ~ Numerator CBI Numerator CBla Numerator CBI1b
BCG 2,666 109 41 20 0.8 89 3.3
0PVO 1,671 39 2.3 32 1.9 7 0.4
DTPCV1 2,473 502 20.3 72 2.9 430 17.4
0PV1 2,461 473 19.2 46 1.9 427 17.4
DTPCV?2 2,134 68 3.2 28 1.3 40 1.9
0PV2 2,143 42 2.0 20 0.9 22 1.0
DTPCV3 1,783 290 16.3 257 14.4 33 1.9
0PV3 1,799 266 14.8 234 13.0 32 1.8
MCV 1 1,326 184 13.9 59 4.4 125 9.4
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Tahle 0-13: Child-based analysis (across all vaccines): Recent DHS missed opportunities for
vaccination among (n = 2,704) children with a documented date of vaccination for at least one
vaccine — Not all doses valid (early doses DO NOT count)

Number of
Number of Percent of Number of Percentof children
children children children children with 1+

Number of with 1+ with 1+ with 1+ with 1+ MOV who
children Percent of MOV who MOV who M.0. who MOVwho had some,
with 1+ Number of children had no had no had all had all but not

eligible visit  children with 1+ MOVs MoVs MOVs MOVs all, MOVs
date with 1+ MOV MoV corrected corrected corrected corrected corrected
CB2 CB2 CB2a CB2b CB2c
Denominator ~ Numerator cB? Numerator CB2a Numerator CB2b Numerator
ﬁ” 2,704 993 36.7 333 123 524 194 136
0Ses

After the visit-based and child-based MOV analyses are conducted, it is possible to calculate the potential coverage that could
have been achieved if there had been no missed opportunities. This is done by counting the children with an uncorrected MOV for
a given vaccine as if they had received the vaccine. This essentially moves these children from the “did not receive vaccine” group
in the original coverage estimate calculation to the “documented from card” group. The coverage estimate is then recalculated.

Continuing the above example of the five children, coverage could have increased for DTPCV3, OPV3, and RV3 from 80% to
100% if Child D had not missed opportunities for those vaccines. Coverage for MCV1 could have increased from 80% to 100%
if Child C had not missed an opportunity. The proportion fully vaccinated would not have reached 100%, however, because Child
C and Child D did not have a documented opportunity for OPVO0.

Returning to the example using the recent DHS data, Table 0-14 shows for each vaccine the valid coverage among 12-23
month-old children for each vaccine, and compares it to valid coverage among 12—23 month-old children if there had been
no MOVs (that is, if all opportunities to receive a valid dose were successful in adminstering vaccines). The MOV anlaysis
considered 2,704 children ages 0-5 years in the dataset who had at least one vaccination date on their card. Table 0-14 only
looks at a subset of these children, namely 682 children ages 12—23 months, as coverage for this cohort of children is typically
summarised. Coverage estimates would have increased about 10% for OPV3 and DPT3 if there had been no MOVs.

Note that the MOV visit-based and child-based summary tables are not weighted for the population of interest. Those tables

provide summary counts and proportions of the sample only. The potential coverage that could have been achieved if there had
been no MOV calculations should be weighted, as described in Chapter 6.
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Tahle 0-14: Recent DHS data potential coverage achievable by time of survey among (n = 682)
children with a documented source of information (card or clinic register), if all doses had been valid
and all opportunities taken

Documented vaccination at correct ages

and with correct intervals (only including % coverage possible if no MOVs (only
valid doses) including valid doses)
N N

Vaccine/dose (unweighted) % 95% CI (unweighted) % 95% CI
BCG 675 99.1 (97.6,99.7) 677 99.6 (98.3,99.9)
OPVO0 419 57.2 (51.6, 62.6) 429 59.1 (53.7, 64.4)
DTPCV1 653 95.5 (92.7,97.3) 663 96.9 (94.1, 98.3)
0PV1 651 95.2 (92.3,97.0) 658 96.0 (93.0,97.7)
DTPCV2 617 89.5 (86.1,92.2) 626 90.7 (87.3,93.2)
0PV2 625 90.6 (87.1,93.3) 631 91.7 (88.3,94.1)
DTPCV3 489 73.4 (69.1,77.3) 567 83.6 (79.9, 86.7)
0PV3 503 74.8 (70.6, 78.7) 572 83.3 (79.4, 86.6)
MCV1 445 63.4 (57.8, 68.7) 472 67.0 (61.7,72.0)

Additional potential analyses include the reduction in time-at-risk of disease that could be achieved if all opportunities to
vaccinate had been taken. That is, children who had a corrected missed opportunity were at risk of infection for longer than
they needed to have been. Survival analysis reverse-Kaplan-Meier curves can be constructed, comparing the time until receipt
of all recommended doses of vaccines, according to the dates when the vaccines were actually received and the dates they
could have been received if there had been no MOVs.
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Annex P: Suggested outline for coverage survey report

1. High level executive summary

2. Historical background section

a.

- o o o

The EPI (include vaccination schedule(s) that cover all birth cohorts targeted by the survey) and health sector in your
country

. Description of any recent changes in the national immunization programme (for example, the introduction of new vaccines

or changes in delivery strategy) or the health sector (for example, introduction of universal health insurance)
Summary of recent administrative coverage data or disease outhreak description in the case of a post-SIA survey

. Summary of previous vaccination coverage survey results

Justification for doing this survey
Survey objectives (primary, secondary)

3. Survey methods

a.

[=n

- o o o

Sampling

i. Target population and exclusions for practical reasons
ii. sampling frames

iii. sample size calculations

iv. Selection methods at each stage

v. Replacement methodology at each stage

. Profile of implementing personnel

Training and piloting

. Field work (data collection tools, pictures)

Ethical considerations

Data management (overview of issues related to data collection, segmented clusters with the necessary information,
checking, storage and security, etc.)

. Weighting

i. Overall base weight calculation
ii. Weight adjustments (e.g. nonresponse)

. Brief summary of the results in terms of sample sizes, response rates, etc. (unweighted or weighted depending on the

tables)

i. Final number of clusters (initial, replaced, non-respondent, etc.) by stratum

ii. Final number of households (initial, replaced, non-respondent, etc.) by stratum
iii. Final number of children (initial, replaced, non-respondent, etc.) by stratum
Analyses done

4. Results section

a.
b.
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Summary of available info on those not included in the analysis (for example, refusals, partial completes)
Description of sample
i. Summary of respondent background characteristics as appropriate

ii. May want to include issues about estimated number of age-eligible children per household vs. what was observed in
each strata/cluster
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c. Main results (include tables; graphs such as inchworm plots, if relevant; maps; and highlight main findings as text)
i. Vaccination cards given vs. seen, and reasons (if collected)
il. Estimated coverage: crude, valid, zero dose
iii. Dropouts
iv. Vaccination timeliness and simultaneity (as appropriate, for example Penta3 together with OPV3, IPV1 and PCV3)
v. Missed opportunities for vaccination
vi. Reasons for no vaccination
vii.Factors associated with no/incomplete vaccination
viii. Highlight clusters with an “alarmingly low” (define) number of vaccinated people (if any)

5. Discussion section, with strengths and limitations and implications of limitations (such as likely bias towards lower/higher
coverage)

a. In design (Examples of limitations: sampling frame, maps, sampling size too big for SIA, training-related issues and
what was done to reduce)

b. Inimplementation (Examples of limitations: selection of eligible persons; data collection; boundaries and not being able
to use the GIS features of tablets; any inaccessible areas that had to be excluded from the sampling frame inaccessible
clusters at the time of visit; any difficulties extracting vaccination data from home-based records; low percentage of
documented vaccination, especially for SIA)

6. Implications and recommendations

Include main recommendations based on the results. Examples:
e (Clusters with an “alarmingly low” number of vaccinated people

e Significant lower coverage some districts compared in the rest of the country
e Dropout

e Low card distribution and/or availability, variety of cards? Forms not separating different vaccines (for example, pentavalent
together with OPV in the daily form)?

e Private vs. public sector?

7. Annexes

All survey materials (including questionnaires, sketch maps for selected clusters, material related to selection of field staff
including terms of reference, field staff training agendas and tools, Standard Operational Procedures (SOPs), letters of
introduction from government to local leaders, final ethical review approval correspondence, etc.)
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