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PREFACE

This publication contains lecture notes on sampling, census

evaluation and statistical quality control programmes, prepared for

a national training course conducted in Banjul, Gambia, from 26

August to 6 September, 1991. The course was organized under the

Project RAF/87/P03 -Inter-Census Training Programme in Sub-Saharan

Africa, funded by the Government of Canada under a multi-bilateral

agreement with UNFPA.

The training course was part of preparatory activities for

1993 Gambia population and housing census. Thus, course

participants consisted of middle level and professional staff of

Central Statistics Department, who were expected to be involved in

planning and implementing the census programme. Since the course

mainly focused on special areas related to organizing and

implementing the census project, it was important that the

participants had some basic knowledge in statistics particularly,

data collection. Also, general understanding of probability and

basic algebra were essential requirements.

The lecture notes were prepared by the ECA Regional Adviser in

Sampling, Mr. J.0. Onsembe, and Mr. E. Ching«anda, Trade

Statistician, who also conducted the training.

The lecture notes were prepared prior to the training course.

However, in the course of presentation and classroom discussions,

some chapters had to be modified and re-written. It is also

important to mention that the lecture notes do not necessarily

include all examples and discussions held in class.

Objectives of the Training course were, among others, to have

the participants:

understood basic techniques in sampling;

understood the sources, types and effects of census and

survey errors;
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appreciated the need, techniques and applications of

quality control programmes; and

- census evaluation programmes.

The UNDP offices in Banjul deserve special mention for their

co-operation in ensuring that the financial aspects were handled

without major problems. Also, the course Co-director, Mr. A.

N'dow, who is also the Director of CSD, greatly assisted in all

aspects of course organization and greatly contributed to the

success of the course.

The lecture notes put together three related disciplines

namely: sampling, quality control and evaluation programmes. It

is the hope that the organization of the lecture notes will be

useful to all census staff involved in the planning and

implementing population census programmes within the African Region

and in particular, the Sub-saharan Africa.
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I. LIST OF TOPICS AND SUB-TOPICS

(A) population census and other sources of demographic da^a

(i) Principal sources of demographic data

Surveys

Administrative records

Population censuses

(ii) Conduct of Population Census

Sequence of activities for data collection and

analysis;

Use of census data.

(B) Sampling

(i) Introduction:

Definition

Census vs sample surveys

Principal steps in sample surveys

(ii) Sample selection methods.

Purposive and quota sampling

Random sampling

Use of random number tables

(iii) Common sample designs.

Simple random sampling

Stratified random sampling

Cluster sample

Systematic random sampling
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Sampling with PPS

- Complex designs

(C) Errors in Censuses

(i) General concept and definition of errors

(ii) Types and sources of errors

Overview on types and sources of errors

Sampling errors

Non-sampling errors

Types of non-sampling errors

Non-response errors

Response errors

Tabulation errors

Errors at various stages of census/survey

Coverage errors

Content errors

Quality of data

(iii) Bias and variable errors

Sampling variable errors

Sampling bias

Non-sampling bias
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(iv) Control and measurement of errors

Response errors

Non-response errors

Tabulation errors

Coverage errors

(v) Conclusion

(D) Census Evaluation Programme

(i) Introduction

(ii) Concept and usefulness of census evaluation

Importance and objectives of census evaluation;

Production of evaluation programmes;

Types of census errors;

(iii) Methodological framework for census evaluation

Single source data

demographic analysis

interpenetrating studies

Multiple source data

matching studies

non-matching studies
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(iv) Post Enumeration survey (PES)

Introduction

Methodology of estimating coverage error

PES matching study

estimation techniques

PES matching procedures (rules)

(E) Quality Control

(i) Introduction

(ii) Element of quality control programme

Quality control technique

Spot checks

Scientific approach

(iii) Verification as a quality programme

Types of verification

Types of sampling plans

(iv) Setting quality standards

(v) Application of quality control plans to population

censuses
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II. TIME ALLOCATION

Tooic No.

A

B

C

D

E

"flo. of hrs.

3

5

5

12

15

Date

27/8

27/8 -

29/8

30/8 -

3/9 -

28/

3/9

6/9

Total 40 hrs.

2. Daily time-table

Morning

Afternoon:

9:00 a.m.

11:00 a.m.

11:30 a.m.

1:00 p.m.

1:30 p.m.

11:00 a.m.

11:30 a.m.

1:00 p.m.

1:30 p.m.

2:30 p.m.

(lectures)

(tea-break)

(lectures)

(lunch-break)

(lectures)

3. Lectures:

Lectures were be practically oriented and, wherever

practicable, supplemented with numerical examples. Participants

were be given classroom exercises to solve as well as homework.

III. COURSE EVALUATION

Participants evaluated the usefulness of the course

during the last day of the training programme.
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IV. DETAILED TIME-TABLE

NO.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Topic

Opening Remarks

Administrative matters

Principal sources of demographic

data

Tea break

Conduct of Population Censuses

- essential features & major

activities

Lunch - break

Introduction to sampling

(i) Sample selection, general

discussion

(ii) Laboratory (use of random

no. tables)

Tea break

Laboratory 8 (i i) continued

Design of samples

Lunch break

Laboratory (stratification

techniques and clustering)

Concept and definition of errors

Types, sources and effects of

errors

Tea break

Date

27/8/91

27/8/91

27/8/91

27/8/91

27/8/91

27/8/91

27/8/91

28/8/91

28/8/91

28/8/91

28/8/91

28/8/91

28/8/91

29/8/91

29/8/91

29/8/91

Time

8:30 - 8:45

8:45 - 9:00

9:00 - 11:00

11:00 - 11:30

11:30 - 12:30

12:30 - 1:00

1:00 - 2:30

9:00 - 10:00

10:00 - 11:00

11:00 - 11:30

11:30 - 12:00

12:00 - 12:30

12:30 - 1:00

1:00 - 2:30

9:00 - 10:00

10:00 - 11:30

11:00 - 11:30



r No.

1 17
U 18

■ 1

r
21

22

11

| 23

1 24
25

26

27

1 28
1 29

1 30

" 8 3i

32

Topic

Control and measurement of errors

Lunch break

Laboratory - (measurement of

error)

Concept and definition of

quality control programmes

Tea break

Quality control techniques

Lunch break

Quality control (continued)

Dependent and independent

verification

Dependent and independent

verification (continued)

Continuous and acceptance

sampling

Tea break

Continuous and acceptance

sampling (continued)

Setting quality standards

Lunch break

Measurement of data quality

Date

29/8/91

29/8/91

29/8/91

30/8/91

30/8/91

30/8/91

..mil i

30/8/91

30/8/91

30/8/91

2/9/91

2/9/91

2/9/91

2/9/91

2/9/91

2/9/91

2/9/91
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Time

11:30 ■

12:30 ■

1:00 -

9:00 -

11:00

11:30

12:30

1:00

2:00

9:00

10:00

11:00

11:30

12:00

12:30

1:00

- 12:30

- 1:00

2:30

11:00

- 11:30

- 12:30

- 1:00

- 2:00

- 2:30

- 10:00

- 11:00

- 11:30

- 12:00

- 12:30

- 1:00

- 2:30
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NO.

33

34

35

36

37

38

39

40

41

42

43

44

Topic

Application of quality control

Programmes for population census

Tea break

Laboratory - Determination of

quality control programme for

the 1993 Gambia Population and

Housing Census

Lunch break

Concept, definition and

usefulness of census evaluation

programme

Concept, definition and

usefulness of census evaluation

programme (cont.)

Tea break

Methodological framework for

census evaluation

Lunch break

PES organizational and

administrative structure

PES design and data collection

procedures

Tea break

Date

3/9/91

3/9/91

3/9/91

3/9/91

3/9/91

4/9/91

4/9/91

4/9/91

4/9/91

4/9/91

5/9/91

5/9/91

Time

9:00 - 11:00

11:00 - 11:30

11:30 - 12:30

12:30 - 1:00

1:00 - 2:30

9:00 - 11:00

11:00 - 11:30

11:30 - 12:30

12:30 - 1:00

1:00 - 2:30

9:00 - 11:00

11:00 - 11:30
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NO.

45

46

47

48

49

50

51

52

Topic

Evaluation of coverage errors -

matching rules

Lunch break

Evaluation of coverage errors -

estimation methods

Evaluation of content error

Tea break

Laboratory - (techniques for

measurement of content error)

Course evaluation

Closing ceremony

Date

5/9/91

5/9/91

5/9/91

6/9/91

6/9/91

6/9/91

6/9/91

6/9/91

Time

11:30 - 12:30

12:30 - 1:00

1:00 - 2:30

9:00 - 11:00

11:00 - 11:30

11:30 - 12:30

12:30 - 1:00

1:00 - 1:30
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TOPIC A:

I- POPULATION CENSUS AND OTHER SOURCES OF POPULATION DATA

Three major sources of demographic data include:

Demographic sample surveys;

Administrative records; and

Population censuses.

1. Demographic Sample Survey fDSS)

Data is collected from a subset of individuals, households,

housing units, areas etc.

Two major methods are:-

(i) Single Round Retrospective survey (SRR) , where the:-

respondent is interviewed only once;

demographic variables are retrospectively

measured over a period of 12 or 24 months.

Advantage: Being a one-time survey, it is less

costly and less complex.

Disadvantage: The method is subj ect to errors of

omission and dating.

(ii) Multi-Round (MR) interview; where:-

each respondent is interviewed during, at

least two rounds;

during the initial interview, respondent

characteristics are recorded and changes noted

in subsequent rounds.
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Advantage: Since shorter recall periods are

involved, errors of omission and dating

are minimal although never zero.

Disadvantage: Compared to SRR, the method is more

complex especially at the data processing

stage.

Demographic Sample Surveys Vs Other data sources

Advantages:

Data of wider scope can easily be collected.

Due to limited coverage and therefore better supervision,

data collected is usually of high quality.

Also, due to limited coverage, the exercise is easier and

cheaper to plan and implement.

Disadvantages:

Due to limited coverage, the system is deficient when it

becomes necessary to produce information on smaller

areas, e.g. certain administrative localities, census

enumeration districts, etc.

Due to relatively small number of responding units

(sample size), detailed cross-classification may be

subject to large sampling errors.

For the method to yield the expected high quality

results, supervision, of field operations, has to be

intensive.
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2. Administrative Records

These can be divided into two main areas, namely: civil

registration/vital statistics and population registers.

(i) Civil reaistration/vital statistics:

The exercise involves a continuous, permanent and compulsory

registration of vital events (births and deaths) in accordance with

legal requirements of a country. Data, so collected, is compiled,

analyzed and presented to the public for use.

Two systems are recognized, which include traditional complete

coverage and sample registration.

Advantages: - Provides adequate information that can

yield tabulation for small local

geographic areas.

Generates current vital statistics

information.

Disadvantages: - Relatively, quite involving data

collection system.

Contains limited background information

for detailed analysis.

(ii) Population Registers

Basically, contains continuously up-dated basic information on

individuals, usually for administrative purposes.

Advantages: The registers/files provide current and

continuous data on vital events.
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Disadvantages: The system is very sophisticated and costly to

operate, especially for developing countries.

Hence, almost never used in Africa.

3. Populatjpn Censuses

According to the UK Manual,» Principles and Recommendations

for Population and Housing Censuses", a Population censuses is

defined as "a total process of collecting, compiling or otherwise

disseminating demographic, economic and social data pertaining, at

a specific time, to all persons in the country or in a well

delimited part of the country".

Specifically, a census will provide information on:

the number of persons within a well defined geographic

unit;

specified characteristics, commonly, sex, age, marital

status etc;

numbers in particular categories; and

rates of growth.

Advantages: - Provides tabulations for various small

geographic units including census

enumeration areas.

In view that censuses are undertaken at

regular intervals, it provides useful

time series information.
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Disadvantages:- Since it involves enumerating every

individual in a country, it is the single

most expensive and complex of all

statistical activities.

- Also, due to its large size, the exercise

is normally subject to large non-sampling

errors.

It takes longer time to complete,

(i) Conduct of population and housing censuses

(a) Type of information collected

Population and Housing Censuses are usually undertaken at

intervals of ten years.

Characteristics collected include, among others :-

- Demographic and social characteristics; sex, age, marital

status, citizenship, religion, language, ethnicity.

Fertility and mortality.

Children born alive and children living.

Geographical and migration characteristics; place of

usual residence, and place of previous residence.

Household Characteristics; relationship to head, number

of household members, household composition.

Educational characteristics; education attainment, school

attendance and literacy.
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Economic characteristics; activity status, occupation,

industry and status in employment.

Housing characteristics; Building type, construction

material, year of construction, number of rooms, water

supply, toilet, cooking and lighting facilities.

(b) Features Unique to a Population Census

(i) Individual enumeration:

In this regard, each individual is separately

enumerated.

(ii) Universality within a defined territory, i.e.

totality of enumeration of all individuals.

(iii) Simultaneity:

Enumeration taken with a unique reference period.

(iv) Defined periodicity:

For most countries, the period is ten years giving

a defined series and which ensures that the present

is accurately described and the future accurately

estimated.

(c) Use of Population Censuses Data

(i) Provision of essential basic facts, on size,

distribution and characteristics of the people, for

policy-making, planning and general administration.

(ii) Provision of essential characteristics of the

people for research purposes, essentially for

scientific analysis.
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(iii) Provision of necessary information for business,

industry and labour. Example: reliable estimate of

consumer demand is a function of accurate

information on size, distribution and demographic

characteristics of the population in the relevant

region/area.

(iv) Provision of bench-mark data for population related

surveys to assist with, particularly,

stratification, clustering and subsequent selection

of samples.

(d) Census activities

A population and housing census involves a number of

activities, which can be grouped into three phases, namely:

preparatory, enumeration and Post-enumeration.

(i) Preparatory phase:

Legal, undertaken to ensure that the public

co-operates in giving truthful answers and

that census organizers observe the rules of

confidentiality.

Budget and cost.

Determination of questionnaire content and

design as well as preparation of all the

census materials.

Calendar, which indicates a sequence and

estimated duration for each operation.
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Determination of administrative organization,

both the headquarters and field level.

Consultations with users, in a bid to let them

be aware of topics, definitions, planned

tabulations and development of data base.

The production of maps essential for planning

and data collection. Activities at this

stage, include:

Acquisition of base maps, updating and

reproduction of such maps;

construction of area frame;

delineating enumeration areas;

identification of boundaries;

listing localities;

counting dwelling units;

preparing sketch maps.

Determination of tabulation plan and coding

and editing rules.

Determination of system design, programming

and other data processing activities.

Determination of census evaluation procedures

and quality control programmes.

Pilot census.

This has the objective of testing:

the questionnaire;

field procedures and;
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data processing arrangements.

Determination of appropriate publicity

activities that are expected to increase

public awareness and hence win the desired

full co-operation. These include preparation

of briefs, pamphlets, posters, radio & TV

broadcasts.

(ii) Enumeration Phase:

At the district level

recruit, train and deploy all necessary field

staff (district officers, supervisors,

editors, and enumerators);

distribute materials to the field staff;

ensure that there is adequate publicity;

undertake census enumeration;

supervise the data collection exercise and

check enumerators1 work;

document and check for quality and forward

all completed work (from enumerators) to

headquarters.

(iii) Post-enumeration phase:

(a) At headquarters:

ensure that all materials are received;

edit the questionnaires;

prepare and release preliminary results
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(b) Data Processing:

code, as necessary;

enter the data;

mechanically edit and make necessary

corrections;

prepare the tabulations.

(c) Conduct a PES to evaluate the census data.

(d) Analysis:

analyze;

specify extra processing needs, if

necessary;

draft the main report;

compile analytical maps and charts.

(e) Data dissemination

organize dissemination seminars;

prepare the final report.

(f) Record the experience, for future use.



ECA/STAT/TSS/92/7

Pago 22

TOPIC B:

I. SAMPLING

introduction

1. Definition:

A Sample, a sub-set (part) of a population.

sampling, selection of part of an aggregate to

represent the whole.

Cochran asserts, '■ attitudes and actions are based on

samples, e.g, travellers who spend 10 days in a country and then go

ahead to write a book".

Complete census Vs sample surveys.,

complete census implies that every unit in the aggregate

population is enumerated while in a sample survey, only a selected

number, which is part of the whole, is enumerated.

(i) statisticians resort to complete census if:

data is needed for very small areas;

overhead costs for a sample survey, are

extremely high;

it is so required by the country's

administrators.

(ii) Reasons for resorting to sample surveys are that

they:

are less costly, especially when exact values

are not necessary;
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require shorter time;

make it possible to widen the scope;

accommodate conditions where population

is considered infinite;

accommodate industrial cases which

involve destructive tests;

are better in cases where non-sampling

errors may be extremely large.

2" Principal Steps in a Sample Survey

statement on survey objectives;

definition of target population;

information on type of data to be collected;

determination of how data is to be collected;

preparation of Survey questionnaires and manuals;

statement on desired precision;

identification of sampling frame;

sample selection;

pretest of survey instruments and data collection
techniques;

organization of field work;

data collection;

data processing;

data analysis;

publication;

dissemination.

3* Sample Selection Methods:

Two types of samples that can be used for inference are non-
random and random.
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(i) Non-random samples

Selections are influenced by the sampler and include:-

purposive sampling;

quoter/judgement samples.

These are conveniently used by experts to pick typical or

representative units especially in case studies.

Advantages: - easy and cheap to operate;

not subject to non-response, as

substitution is allowed.

Disadvantages; - the methods are subjective and inferences

based on them may not be generalized;

do not permit estimation of sampling

errors to which they are subject;

no basis of preference of one sample from

another.

(ii) Random Samples:

Sometimes known as; probability sampling or scientific

sampling. Samples are chosen by chance mechanism after assigning

each element a non-zero and known selection probability.

Advantages:

inferences can be drawn based on Statistical theories;

reliability can be measured;

can combine with expert judgement and other available

information.

Selection probability can be equal or unequal
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Probability

Each unit in the universe (population) is given an equal

chance of selection.

msml&: Assigning each housing unit, in the enumeration

areas, a unique serial number and, by use of a

random table, the selection of a designated number

of samples.

Unequal Probability

These include cases where units in the population are selected

with variable probability. The exercise is best accomplished by

selecting with probabilities proportional to measures of sxze

(PPS).

4. TTse of Random Numbers

Random number tables are the most common chance mechanism used

in sample selection.

The tables are available in most statistical books, most of

them published by the RAND corporation.

The tables show sets of random digits arranged in groups,

horizontally and vertically.

Example: How to select 4 numbers between 1 and 12:

Step l: Using any random number table, choose an

arbitrary column with 2 digits.

Step 2: Move down the column and take all numbers between

01 and 12, discard any number greater than 12.
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Step 3: Suppose the numbers are 02,06,11,06,08,....then,

the units selected are, 02, 06,11,08.

Note that being a simple random sample without

replacement the second 06 is skipped.

Step 4: Sample items are those associated with the selected

serial numbers.

II. COMMON SAMPLE DESIGNS

Simple Random Sampling (SRS);

Stratified Random Sampling;

Cluster Sampling;

Systematic Random Sampling;

Sampling with probability proportional to measures of

size.

1. Simple Random Sampling:-

Design description:

The SRS can be with or without replacement

- With Replacement (WR)

- Without Replacement (WOR)

A method of selecting "n" units out of "N" such that every one

of the NC0 distinct samples have an equal chance of selection.

While it is possible to select only one unit in "WOR", for the

case of "WR", an element can be selected more than once.

In practice, the "n" units are drawn one by one.
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The units in population are numbered 1 to N, and then randomly

drawn by use of random number table.

It can be verified that each distinct sample of "n" units

has an equal chance of being selected.

For example: At the first draw, any one of the "n"

units is selected with probability (n/N).

At the second draw, any one of the remaining ( n - 1 ) units

is selected with probability ( n - 1 ) / ( N - 1 > - At the third

stage any one of the remaining ( n - 2 ) units is selected with

probability ( n - 2/ N - 2 ) and so on

Therefore, the probability that "n» specified units are

selected sampling without replacement in n draws is

22-3flWfl-lW fl-2\/J2-

Nl\N-l!\N-2l\N-

n\ (N-n) 1

3/ (N-n+1)

The design is simple but least used.

However, it is, important for a number of reasons:

Its simplicity makes it a logical starting point in the

study of sampling designs.

All other designs are derived by imposing restrictions on

SRS.

For ease of computation of sample estimates,

It is often used as an approximation to complex samples.

It provides a standard of comparison for guiding one in

the selection of reasonable alternative design.
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Notation:

Characteristic

Total

Mean

Y

or

X

Y

X

Population

- E Yj

- EX,

= Y/N

or

= X/N

Sample

y = 2yi

v y* v
*» *""" 4*4 **j

Y = Y/n

x - x/n

Ratio R = Y/X = Y/X R » y/x = y/x

Proportion P p

Where:

N is number of observations in the population,

n is number of observations in the sample.

In general, capital letters denote population characte

ristics and lower case letters, sample characteristics.



Estimates

(a) Population total

Estimator: x1

n

-Nx

(b) Mean:

Estimator = x
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Variances of Estimates:

(i) mean:

Definition:

v(x) = E[x-X]

i.e theoretically, taken over all NCC samples.

- (1 -f) S2 /n

Where:

f = n/N, sampling fraction

1 - f = Finite population correction factor (fpc)
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S

21-1

(ii) total, V(x')

V (X1) = E (X1 - X)

= ( 1-f) N2 ( S2/n)

Note, if n/N < 0.05, the fpc is usually ignored,

(c) Standard Error (SE):

A measure of the extent to which estimates from various

samples differ from their expected value.

Variance = square of the standard error.

Therefore,

2/n
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Ratio: Estimator, r■

-y/x

or

Typically biased but, the bias becomes negligible in large

samples.

Also, as 'n1 approaches !Nf bias approaches zero.

Estimated variance:

Standard Error:

SEiz1) -

N^Z
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(e) Proportion: p

The unbiased estimator of p drawn from nl# i.e. a sub-sample

of n.

i.e P = n! / n.

Estimated variance:

Standard error:

g Properties of Estimators

Estimator is a function of sample values.

On the other hand, an "Estimate" is a numerical value of an

estimator.

(i) Precision:

Definition: A precise estimate has a small sampling error

but may still be inaccurate due to Non

Sampling errors.

Precision of any estimate depends on:

Sample design

Sample size

Method of estimation.
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(ii) Consistency:

An estimator is consistent if the estimate becomes exactly

equal to population as n approaches N.

Examples:

y is a consistent estimator of Y

Ny is a consistent estimator of Y

y/x is a consistent estimator of R

(iii) Unbiasedness:

an estimator is unbiased if average value of

estimate, taken over all possible samples of size

n, is exactly equal to the true population value.

that is:

if the expected value of an estimator is equal to

the true population value.

Examples:

y is an unbiased estimator of Y

Ny is an unbiased estimator of Y

y/x is a biased estimator of R
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Confidence Intervals

A range above and below the estimated value which may be

expected to enclose the true value with a known

probability, assuming there is no bias.

For a mean:

Confidence Interval (CI)

-y±tSE(y)

Where:

value of t depends upon level of confidence.

Note: 90% confidence level, t = 1.64

95% confidence level, t = 1.96

99% confidence level, t = 2.58

For a total:

Confidence Interval =

Classroom Exercise: 1

Consider a population of 10 households with information as

given below:



Serial No.

of HH

1

2

*3

4

5

*6

7

8

*9

10

Age (xi)

HH bead

18

25

54

26

32

60

45

46

33

29
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Household

Income (yi)

fnoiura oer week)

25

15

30

40

20

20

45

35

50

30

i) Calculate total age and income.

ii) Using random number tables, select a sample of

three households.

iii) Estimate the mean, total and ratio.

iv) Estimate the respective standard errors for mean

total and ratio,

(v) Calculate Confidence Intervals for the mean and

total.
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Solutions

(i) Total age :

18+25+54 +29

368 years

Total Income:

= 25+15+30 30

- 310 Dollars.

(ii) Sample households; Nos. 3, 6 and 9

(ii i) Estimates:

(a) mean:

n

54+60+33

3

49

Income:

n

30+20+50

3

33.33



(b) Total:

Age:

X1

Income:

Y1

= Nx

= 10 X

» 490

= Ny

= 10

- 333

49

X 33.33

.3
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(iv)

(c) Ratio: Income to age,

r1 = y/x

= 33.33/49

= 0.68

Standard Error:

(a) Mean age:

■\

e-2

il-f) —
n

(1-3/10) E (*i-*>2
n(n-l)

7 r

10

7 r 2916+3600+1089-3(49)2,

10 3(3-1) J

6.85
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Total Age:

SE{X') -NSE{x)

10 X 6.85

68.5

(b) Mean Income:

SE(y) -i

7 r J^vZ-np

10 n(j7-l> J

1,7 f 900+400+2500-3(33.3S)2
N 10 JW) ~~

Total Income:
= 7.38

SE{yl)-NSB{y)

= 10 X 7.38

= 73.8

(c) Ratio

SE(rl) -
rvcc2 n-1

i]

.1 7 f 3800+(0.68)27605-2(0.68)4470
N 72030 JTJ

7 r 3800+3516.552-6079.2,
72030

0.2452
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(v) Age at 95$ confidence level for mean and total:

(a) mean _ _

CI = x + 2SE (x)

=49+2 (6.41)

= 49 + 12.82

Therefore; 35.3 < x < 62.7

(b) Total, CI = X' ± 2 SE (X')

490 ± 2 (68.5)

353 < X1 < 627

2. sfrr-atified Random Sampling

Stratified sampling is a method in which population elements

are divided into groups and, an independent sample selected from

each group, taking at least one element from each.

The process of dividing the elements into groups is called

stratification and the groups become the strata.

Stratified random sampling consists of:-

dividing up the population into internally homogeneous

non-overlapping sub-populations;

independently taking samples, of a given size, from each

sub-population.

When samples are selected, from the strata, according to a

random procedure, the design becomes stratified random sampling

In SRS, samples are not forced to be representative of the

population but, the representativeness is inherent and can be

enhanced by increasing sample sizes.
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In stratified sampling, however, sampling errors can be

reduced by grouping units that tend to be alike with regard to

certain major characteristics.

Ensuring that units within are alike (homogeneity) and, units

between groups are different (heterogeneity).

Advantages of stratified designs:

allows for different procedures in various strata;

allows use of different data collection procedures;

allows estimates for principal administrative divisions;

enhances administrative convenience;

increases precision of overall estimates for the same

total sample size;

allows study of special groups of population.

Problems associated with the design

choice of appropriate stratification variables;

demarcation of ideal strata for use;

harmonizing conflicting demands;

choice of appropriate sample selection procedure within

different strata;

sample distribution among different strata.

Notations:

Same notations as for simple random sample except use of

subscripts to indicate strata.



h =

Yw or
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number of units in the h* stratum,

1, 2, 3r . • . .L

number of sample units selected from the h* stratum

value obtained from the i* element of h*

stratum for the y or x character1stics,

respectively

Yh = E total for the y- characteristic in the h*

stratum

Xh = E xw, total for the x-characteristic in the h*

i - 1 stratum

Yh = Yh/Nh, total mean for the y-characteristic in h*

stratum

Xi, = Xh/Nh, total mean for the x-characteristic in the h*

stratum

Yh = Yh/nh/ Sample mean of the y-characteristic in the h*

stratum

X,, = x^/nn. Sample mean of the x-characteristic in the h*

stratum

rh = yh/xh, ratio of Y to x characteristics in the h*

stratum.

Where:

Nh = number of observations in the population for the h*

stratum.

nh = number of observations in the sample for the h* stratum.
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Estimation procedures

Estimation of Population Mean

Let the number of strata be L, then:

N = Ni + N2 NL

Y

Where:

Wh = Nh/N

Estimator of Y is given by:-

Where:

J-i

Wh ^ Nh/N

Note: Estimator assumes stratified random sampling
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Properties:

The estimator is

(i) Unbiased:

'^~N

(ii) Consistent:

Estimate of population total

E(Yst) -E{NYat) ~NE(Ygt) -NY-Yst) -E{NYat) ~NE(Ygt

Variance of v.,, population mean
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Where:

Wh = Nh/N

Standard Error

SE{yat) -

\

Variance of yJt. population total

V(Vgt)-V(NysC)-N2V(yaC)

Estimate of P. population proportion

P = Proportion of units in the population having a given

characteristic.

Let:

yw = 1, if unit, "i", in stratum h has the characteristic.

or

~ 0, if unit, "i" in stratum h has no such

characteristic.
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Then;

N N

Where:

ph = Sample proportion in h* stratum.

Variance of proportions

V(P,t)-V(y9t)

Estimate of sample variance

Standard Error

SE(Pm,)-Bt

\
b h

nh ±
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Estimate of Population Ratio

The ratio, r, is estimated by;

r _

xst xat

Types of Ratio Estimator?

Separate

Combined

Separate Estimator

usually, a biased estimate

Combined Estimator:

Allocation of Sample to Strata

There are two systems of sample allocation among strata.

These are:

proportional allocation;

disproportional allocation.

Two principle criteria on which sample allocation is based

include:
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(a) Convenience.

(b) Accuracy.

Proportional allocation satisfies the convenience criterion in

that it is easier to apply. On the other hand, disproportional

allocation following a specific procedure, satisfies the accuracy

criteria because it yields the smallest standard error may lead to

self-weighting property. Self-weighting implies that different

standard errors need not be tabulated separately when calculating

values for SE(yrt) .

Proportional Allocation

Constant proportion of sample units are allocated to each

stratum. The allocation is achieved by use of the formula:

nh - n( Nh/N ) ;

Where:

h = 1,2, 3 L

n = total sample units in the population

n h, Nh, and N, are as explained before.

Estimation for proportional allocation

Mean:
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Variance:

Disproportional allocation

Involves deliberate use of different sampling rates, in

different strata, with a view to increasing precision of estimates.

Also, cost of data collection is often considered. Two types of

disproportional allocation are:

Optimal

Neyman

Optimal allocation

Under optimal allocation the total sample, n, is allocated

such that the variance for a given cost or the cost for a given

variance is minimized.

Let, C = total cost of the survey

Then;

Where:

Co = fixed cost
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C^xh"VaxiableCost

Ch = Average cost of collecting

information from a unit

including travel.

Then, optimal allocation is given by the formula;

n

h

The formula leads to the following rules:

Take a large sample from a stratum if:

Stratum size is large;

Variability of the characteristic under study is high;

The average cost of collecting information is low.

Variance:

Nevman allocation

If cost, Ch , is assumed same from stratum to stratum, then;

n.NhSh
n*.-

Variance simplifies to:
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Note:

Values for Sh and Ch are generally not known except from

pilot surveys.

Disproportionate sampling does not lead to self-

weighting. Thus, costs associated with weighting may

offset the gains.

Disproportionate allocation is not efficient for

estimating proportions from stratified sample.

There are conflicts on variables of optimization.

Optimum allocation has the least variance and, therefore,

standard error;

Generally;

SRS

Defining Strata

There are no general rules for determining the one best set of

strata. However, the most effective stratification variable is

the characteristic to be measured. But, as we know, surveys are in

general multi-variables and therefore the idea of most effective

characteristic is very difficult. In most cases, stratification

based on the variable that is highly correlated with the

characteristics of interest will lead to greatest reduction in

variance.

Creation of strata may be based on:

Prior knowledge

Objective statistical information

Personal judgement

Cost.
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HOMEWORK - NO. 2

Suppose you have (20) households whose members are as follows:

Serial

No.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Total

Members

7

2

5

3

2

2

6

4

3

3

5

6

5

1

4

3

3

2

1

5

No. Of

Females

5

1

4

2

0

2

4

3

0

3

4

3

2

1

3

2

3

1

0

4

No. of

Hales

2

1

1

1

2

0

2

1

3

0

1

3

3

0

1

1

0

1

1

1
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Solve the following problems :

1. Calculate the total number of members.

2. Calculate the total number of males.

3. Calculate the total number of females.

4. calculate the average number of members per household.

5. Using the first two digits of the seventh column of the

random number table handed to you,select a random sample

of 5 households.

6. (i) Using the sample, calculate the mean household size,

(ii) Estimate the total for household members.

(iii) Calculate the standard error of the total.

7. Using the selected sample, calculate the proportion of

females in the population.

(i) calculate the standard error of the proportion,

(ii) calculate the ratio of males to females,

(iii) calculate the standard error of the ratio.

Stratification

8. Using household size, stratify the households into 3

groups.

9. For each group, calculate

(i) The total number of members

(ii) The mean of household members,

(iii) Standard Error of each mean,

(iv) Combined mean.

10. By use of the combined mean;

(i) Calculate standard error, if proportional

allocation is used.

NB: For all calculations, clearly provide the

formula used.
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(3) Cluster Sampling

In cluster sampling, selection units, for at least the first

stage, are not elements but clusters (a group of elements).

Reason for using cluster sampling:

(a) Often, there are no adequate sampling frame of elements.

(b) Clustering on, for example, geographical basis leads to

savings in cost and time;

(c) Single-stage cluster sampling can lead to simple field

instructions and hence leaves little room for errors.

Further, on the whole, it facilitates better

control of some aspects of non-sampling errors, as

it leads to better supervision and organization of

field work;

(d) Also, it affords an opportunity, in case of demographic

surveys, to collect information from neighbours (if

respondents are temporarily absent).

Disadvantage:

Generally, are less efficient, especially, as the number of

stages increase.

Selection Stages:

Selection of responding units can be undertaken in:

single - stage with;

. equal clusters

. unequal clusters

multi - stage
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Single - stage cluster sampling

(a) clusters of equal size:

Let "A" be the total number of clusters in the

frame with "B" elements each.

suppose "a" clusters are selected by SRS, then:

Estimating population total:

y may be estimated by:

A a B

Where:

yij = value of the j* unit in the

cluster.

= total for the i* cluster

- a i a B

/
~ average cluster value.

V(Y)-V(Ay)-AV(y)
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Estimating population mean: Y

= Mean per unit

A , 1 A B

7/ABEE
Y is estimated by y

- unbiased estimator

Where:

or

aia-DB2^ * a

Where; yt = i* cluster total

y - overall total

f = a/A, sampling fraction.

Design affect:

SRS is a standard in guiding one to choose a better sampling

design.
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Thus, the ratio of the variances

deff - variance (cluster)

variance (SRS)

= measure of degree of homogeneity of elements within

clusters, namely,intra-cluster correlation coefficient.

Sl-S2/B

(B-l)52/B

Where:

S,2 = between cluster variance

S2 - overall variance

Where:

Some important facts:

(i) If B = 1, then, deff. = 1 and, therefore, cluster

sampling = SRS,

(ii) If & — O,(i.e no intra-cluster correlation), deff = 1

and therefore, cluster sampling = SRS

(iii) The greater the likeness of units in the same cluster,the

closer will jS approach 1 and the greater will be deff.

(iv) The smaller the cluster size, i.e, B, the lower will be

the deff.
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(v) Because of (B-l), even a small positive value of 0 will

give rise to a high deff. It is only for negative values

of j8 and hence, negative value of the factor (B - 1) ,

that can have a reduction in deff.

Note: As B increases, & decreases but the rate of

decrease is smaller than the rate of increase in B.

So, in general, increase in size of cluster will

increase the factor 0 ( B-l), and therefore an

increase in design affect:

General rule: A large number of small clusters is

better than a small number of large

clusters.

(b) Clusters of Unequal Sizes

When clusters vary in size, the unbiased estimator becomes

imprecise compared to equal cluster case.

Let "A" be total number of cluster in the frame and "a" sample

clusters. Also, let Bi be the number of elements in the i*

cluster.

Also, let,

Population total is given by;

A Bi
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Therefore: Unbiased estimate of Y is given by:-

a-1

a-1

Where;

y-y/A

a-1

The estimate, Y, although unbiased, is often found to be

imprecise. That occurs when y;, vary insignificantly from unit to

unit while values for Bj are significant.

Optimum cluster size

While use of a smaller number of large clusters leads to cost

reduction, it generally increases sampling error. On the other

hand, a bigger number of small clusters have an opposite effect.

Thus, there should be an optimum cluster size which, for a given

survey, minimizes costs for a given level of sampling error.

Such an optimal size depends on degree of clustering of the

characteristics in question.
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Example: In Africa, it is recommended that for vital rates,

optimum cluster size should lie between (200-400)

persons.

(c) Multi-Staae sampling:

To reduce the conflict between cost and precision, sample

selection can be effected in stages, for example, two-g£age_

cluster sampling, where sub-sampling of selected clusters are

undertaken.

Estimation:

Notations: A = number of Primary sampling units (PSU's)

B - number of Secondary Sampling units (SSU's)

a » sample number of PSU's

b = sample number of SSU's

f,= a/A; f2 - b/B; f - f, f2

Therefore, n = ab (overall sample size).

Also:

yM - value of the j* sub-unit in the i* primary unit.

b

sample mean for second stage

unit in the i* primary unit.
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_ a

overall sample mean for the 2nd

stage unit,

variance among primary sampling

units

Si"
A(B-l)

Ecmal clusters:

variance among 2nd stage units

within primary sampling units

Estimates:

Y is estimated by Y, an unbiased estimator

n ab



Where:

.-^2

77 \2

also, an unbiased estimator

Total value for;

= ABy

V(Y)-V(ABy) -A2B2V(y)
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Unequal clusters

f, = a/A

f2 = bj/Bj, thus bi = B; f2

f = fj f2 , thus, an epsem sample

For the estimation of means, appropriate values can be

inserted.
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Classroom Assignment (3)

In a household survey, the following information is known;

Population information;

No. of clusters (A)- 4

No. of households per cluster (B) = 5

No. of household members per household

Household No.,

(j)

1

2

3

4

5

Cluster No.,(i)

1

3

10

9

8

6

2

8

3

6

4

5

3

4

6

3

8

6

4

7

2

6

4

6

Solve the following problems

(i) Randomly select a sample of two clusters and three

households from each.

i.e. a "■* 21

b = 3

(ii) Calculate values of the following;

; S22 ; v (y); SE (y) ; CI
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Solutions;

Selected households:

Ytir Y*2t Y*S* Yn* Yur Yw

Membership information on selected households

Y41 « 7 y32 =

Y42 * 2 yM = 8

= 6 y3S = 6

=5 y3 =6.67

-<5-5.83)2+(6.67-5.83)2

= 1.3945

= 4.17
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ab

(1-2/4) (1,3945) | (2/4) (1-3/5) (4,17)

2 2(3)

0.35 + 0.14

0.49

= 0.7

95% Confidence Interval for y, 5.83 + 2 (0.7)

4. Systematic Sampling

The systematic sampling method is the most useful in terms of

minimizing selection procedures of a large sample from a large
population.

To select, for example, a 5% sample from a population of

20,000 elements, the following steps are necessary:

Step l: prepare a list frame or area frame;

Step 2: draw a number between 01 and 20, by use of random

number table;

Step 3: take every 20th element thereafter.

Suppose, the number drawn from the second step is 11, then,

the elements in the sample will be; 11, 31, 51, 71, 91, and

so on, up to the maximum of 20,000.
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As for the random sampling, if all elements have the same

selection probability, then it is equal systematic sampling.

5. Probability proportional to Measures of Size fPPS)

PPs is a method of sampling where population units have

unequal probabilities of selection;

Note that PPS sampling without replacement leads to

complicated formulas and is therefore not discussed in these

lectures.

Example, PPS selection with replacement:

A = 6 households

Bi = household size, see table below.

HH No.

(i)

1

2

3

4

5

6

Total

HH Size

(Bi)

8

6

3

5

4

4

Bo = 30

Prob. of

Selection in

draw (P;)

8/30

6/30

3/30

5/30

4/30

4/30

1

Range leading

to Selection

of (RN)

1-8

9-14

15-17

18-22

23-26

27-30

-
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Problem:

By use of PPS method, select 2 households.

Solution:

Calculate the interval of selection as;

30/2 = 15.

Select a RN between 01 and 15.

Suppose, for example, the RN is 05, then, the household

associated with 05 is the first to be in the sample. In this case,
household No. 1.

To get the second unit, add 15 to the RN, i.e 05+15 = 20.

Therefore, the next selected household is the one associated with
20., i.e, household No. 4

If several selections are to be undertaken, the interval is

continuously added to get the desired sample.

Estimation under PPS - (With Replacement!

Probability of selection in any one draw:

Pi = b/Bo

In n draws probability is:
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unbiased estimate of population total y is:

Pi

Variance:

n Vi

n-l

Note: fpc is not involved since selection is with replacement.

PPS Systematic Selection

For example, selection of enumeration areas based on number of

households where:-

Interval is defined as;

Ih = Bo/n.

Where;
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Random number is selected between 01 and the interval.

Ih is continuously and consecutively added to the random

number to get selected units.

Estimates:

(n(n-X) ^ pi "

The formula, although always used, overestimates the true

value.

PPS in cluster sampling

Using same notations as before, namely:

A = population number of clusters.

a = sample number of clusters.

B| = total number of elements in a given cluster.

bj = sample number of clusters in a given cluster.

Estimated total:

Where:
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Estimated Variance:

*>1P1

Which correspond to lrt stage between and within PSU variances.

The Ultimate Cluster estimate technique for total variance Y

does not give separate estimates for between and within PSU

variance components. It, however, gives total variance, see formula

below:

V(Y)' a(a-l)

Usual notations and formulae used in National surveys

The notations and formulae given herein are the ones commonly

used in national surveys and are also in conformity with a number

of soft

h - stratum

i = Primary Sampling Unit (PSU)

j = element in population

nh * sample PSU's in the h* stratum

My = total number of elements in the i* PSU in the h*

stratum.

Mh E My

m^ - sample elements

Probabilities of Selection

Single stage sampling with uniform probabilities.
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P; (element) ■* 1 x n/N = n/N

For two stage sampling with uniform probabilities at both

stages

Pi (element) - n/N X mi/Mi

Single stage sampling with PPS.

P(element) - *\~hi

Two stage sampling with PPS in the first stage, and

uniform probabilities in the second stage:

Where:

total number of elements from the second operation

obtained through listing

Sampling Weight

Sampling weight is the reciprocal of the overall element

selection probability. These are also known as, estimation weight

or expansion factors.

i.e WN = _1

P(element)

or,

Mhi

mhi
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Weight adjustment

If there are significant non-responses, the weights can be

adjusted thus;

Wl = V

Where:

rw = number of responding elements in the i* sample

PSU in the hth stratum.

Estimation of characteristic

The value of Y (characteristic) in the h* stratum is estimated

by

y-

Estimation of Variance

Ultimate cluster technique, which does not give separate

estimates of the between and within components, is used in

estimating variance of estimators,

V( V } - h Vs (v - h \
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Where:

This, however, slightly overestimates the true variance of the

estimates.

III. COMPLEX DESIGNS

Large - scale sample surveys are based on a combination of

designs often involving, stratification, clustering, systematic

selection and sometimes more than one stage of sampling.

Example:

National sample: Essentially, multi-purpose and flexible

area probability sample and which

provides a master sample from where sub-

samples are selected for each round of

continuing survey programme.

Some common elements of complex designs are:

(i) Sample rotation: Partial or complete replacement of

sample units in continuing sampling

operations usually instituted to

avoid tiring panel respondents or

conditioning responses.
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(ii) Replicated (Interpenetrating) Sampling:

Procedures:

sub-samples (replicates) of identical size and design are

independently selected.

each sub-samples provides a valid population estimate,

all estimates are pooled to obtain an overall estimate.

Selection methods:

sub-samples are systematically selected with "c" random

starts between 1 and CK

Where,

CK = sampling interval

1/k = overall sample fraction

Estimation procedure

Let ti = estimator e.g., sample mean or ratio,

where;

c = number of replicates

i - 1,2,3,4, ...c

c(c-l)
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The formula may be used regardless of the complexity of the

design.

Standard error of the estimator, t, is given by;

Advantages:

facilitates easy and convenient computation of sampling

errors for complex designs,

facilitates investigation of non-sampling errors.

IV. PRACTICAL METHOD OF COMPUTING SAMPLING ERRORS

Calculation of sampling errors for means, proportions,

regressions and ratios are based on PSU totals.

Basic assumptions:

two or more PSU' s are randomly selected from each

stratum.

selections are made independently without replacement.

Examples:

Let; L = No. of strata

ah = Sample PSU's from h* stratum

yh~ Value for characteristic y for the j* PSU

in the hft stratum

xhj= Value of characteristic x for the j* PSU

in the h* stratum



Estimation of total

aK-:

2. Estimation of Ratios

z-y/x-
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Here also, simple aggregated values from PSU's are used as the

basis for variance computation.

V(r) -— [v(y) +r2r(x) ~2rcov(xy)}
x

i v(y) -
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3. Systematic Sampling

systematic sampling is a convenient and practical way of

selecting units from ordered lists but, which, however, introduces

implicit stratification resulting, sometimes, in selection of cne

unit from a stratum.

Collapsed strata technique, specifically, paired selection or

successive difference models are effectively used in obtaining

variance estimates.

V. DETERMINATION OF SAMPLE SIZE

Determining appropriate sample sizes is extremely necessary if

one has to achieve a given desired level of reliability with a

specified degree of confidence.

This is based on three concerns,

accuracy

practicality

efficiency

Accuracy: - Measured by the inverse function of the

total error.

For overall accuracy, both the sampling

and non- sampling errors have to be

minimized.

Practicality:- What can possibly be accomplished given

the resources and time.

Efficiency:- A given sample size may give different

precision depending on sampling

techniques in use. This, therefore gives

rise to the concept of statistical

efficiency.
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The most efficient design is one that gives the greatest

precision for a specified sample size.

Particular Areas of concern for sample size determination

degree of precision desired;

advance estimates of population variability;

cost and operational constraints;

expected sample loss due to non-response;

formula to associate,"n" within desired precision;

number of characteristics to be investigated;

sub-populations for which separate estimates are

required.

Notations:

S2 = population variance

n - desired sample size

V = S/Y - population co-efficient of variation

Y = population mean.

N = number of units in population

K - value for confidence intervals

e.g: - 1 for 68% confidence

- 2 for 95% confidence

- 3 for 99% confidence

E - absolute value

RE = Relative value

V° = specified target value for the estimate's CV

1. Degree of precision

Precision, mainly affected by the variable error, can be

expressed in 3 ways:
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(a) Absolute Error (El

Measured in terms of same unit of measurement as

the variable.

Examples;

(i) Estimating Mean (Y)

(E)2

(ii) Estimating proportion (P)

E*

(iii) Estimating totals, y

N
E2

or

n.

(b) When error is expressed in relative terms (RE)

RE is the, "E" expressed as a proportion (Percentage) of the

true value of the parameter being estimated. For example, if E ==

5 and parameter is 50, the RE = 0.10.
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(i) Estimating Mean (y) or Y

n__ K2V2

" (RE)2

or

(RE)

Recommendations:

(1) In estimation estimating proportions, it is advisable to

use absolute error because a proportion is itself a

relative quality.

(2) Estimation of mean and total is better accomplished

through relative terms, for two reasons:-

Relative variance is more stable than absolute

variance thus, a guess of "CV" is likely to be

closer to the true value.

The formula for n is the same for estimators of

mean or total when expressed in terms of CV.

Note: For simplicity, sampling rate is ignored which,

however, makes the formula overestimate n.

If fpc is not ignored, the sample size can be deflated by:
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Advance Estimates of population variable

The formulae are based on unknown population variance. These

can, however, be estimated in any of the five methods:

Select the sample in two phases.

Use the results of a pilot survey.

Use results of previous samples of same or similar

population.

Guess on population structure and use the agreed

mathematical techniques.

For Qualitative Characteristics:

Set S2 - pq » 1/2 x 1/2 = 1/4

because the formula for n is maximized when p = q « 1/2

(c) When the error is expressed in terms of co-efficient of

variation.

Target Co-efficient of variation (CV) for the estimate (Vo) .

Set CV (relative standard error), for the estimate, equal

to a target value, Vo. e.g:

estimating y or Y;

Vo
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Note; It is not necessary to determine the confidence

level ahead of time.

2. Cost and Operational Constraints

In an attempt to reduce variable errors through increases of

samples sizes, cost and operational difficulties are significantly

increased and which, in most cases, encourages the importance of

non-sampling errors.

No sampling errors can be reduced by:

better quality control procedures,

committing sufficient resources.

Thus, there is need to compromise between precision and

practicality.

Note that in a survey, there exists a number of constraints

including:-

budget

field conditions

personnel

time allocated to the exercise

equipment and material.

3. Expected Sample loss due to non-response

If non-response is accurately anticipated, there will be need

to inflate sample size.

If, for example, from previous experience or pilot, the level

of response is known, sample size can be inflated by the same

value.
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n1 = n x 1/r - n/r

Note: Inflating sample size by the response rate only

helps to compensate for resulting loss in

precision but not the non-response bias.

4. Number of characteristics requiring specified precision

Due to differences in variability, different characteristics

will require different sample sizes.

There are two solutions:

A decision can be made on the most important

characteristics and calculate and use the resulting

sample size.

Calculate sample size, separately, for each and

take the largest or the average.

5. Population sub-populations requiring separate estimates:

Existence of subdivisions or domains of study require

stratification and treatment of the strata as a separate population

entity.

Thus, sample sizes can be calculated independently for each

strata and national totals achieved by summing up the values of

each strata.
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VI. GLOSSARY OF COMMON SAMPLING TERMS

Area Sample: A type of sample (usually multi-stage) in which
the sampling units are individual land areas (segments)

defined on a map.

BIAS: The difference between the expected value of an
estimator and the true population value.

CHARACTERISTIC: A variable having different possible value

for different individual units of sampling.

CLUSTER SAMPLE: A system of sampling in which units of
analysis of the population are placed into groups.

COEFFICIENT OF VARIATION: Standard error as a proportion of

the estimate.

CONFIDENCE INTERVAL: A range above and below the estimated
value which may be expected to enclose the true value with a

known probability.

ELEMENT: A unit for which to obtain statistical data.

ESTIMATE: A numerical quantity calculated from sample data
and intended to provide information about unknown population

value.

ESTIMATOR: A mathematical formula used for the calculation of

an estimate.

EXPECTED VALUE: The average value of the sample estimates over

all possible samples.

FINITE CORRECTION FACTOR: The term in the formula, N - n of
N - 1

approximately equal to (1-n/N), for variance of a simple
random sample which reflects the effect of the proportion of

the population in the sample.

LIST: A population in which the sampling units have been

numbered.

MEAN SQUARE ERROR: A measure of the extent to which estimates
from the sample data differ from true population value being

estimated.

MULTI-STAGE SAMPLING: A system of selecting a sample through

a number of stages.
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OPTIMUM ALLOCATION: A system of selecting a sample in such a

way as to produce the minimum standard error for a constant

sample size or for a constant cost.

PRIMARY SAMPLING UNIT (VSV): The units making up the sampling

frame for the first stage of a multi-stage sample.

PROBABILITY PROPORTIONAL TO SIZE fPPS): A method of sample

selection in which units are selected with unequal probability

of selection, the probability for each unit being
proportionate to a measure of size.

SAMPLING ERROR: A measure of the intent to which estimates

from various samples differ from their expected value.

SAMPLING FRAME: The totality of sampling units from which a

sample is to be selected.

SAMPLING UNIT: The units to be selected.

SELF-WEIGHTING SAMPLE: A sample in which every element in the

population has the same chance of selection.

STRATIFICATION: The process of dividing a population into

groups for the purpose of selecting a separate sample from

each group.

UNBIASED ESTIMATE: An estimate having the property that the

average of such estimates made from all possible samples of

the given size is equal to the true value.

VARIANCE: The square of the standard error.
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topic c:

I. ERRORS IN CENSUSES

1. General concept and definition of errors:

Error:

The difference between the population value and the

value found from a census or a sample investigation.

The, definition does not, however,involve subjective or value

judgement.

In censuses/surveys, collected data, for any population size

cannot be accurate to the last digit. The desired accuracy of

census/survey data is, in general, a function of the expected

applications.

Information on size, type and sources of errors are useful in

providing useful guidance to planners and implementers of future

censuses and statistical enquiries.

Errors arise due to:

Failure of respondents to provide full and accurate

information. This is more likely when information

relates to another person i.e., in proxy reporting.

Failure to include all persons living in a specified

area or as, for example,when;

respondents fail to report on all persons in a

household;

entire households are omitted;
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double counts occur;

there is misunderstanding of concepts;

interviewer make recording mistakes or

misunderstands the answer.

Shortcomings during the processing of data.

Objectives of the lecture are to discuss:

Types and sources of errors.

Measurement of errors.

Control of errors.

2* Types and Sources of Errors

Overview on types and sources of errors:

Errors arising from data collection, processing and analysis

may be classified into two main types, namely:

sampling, and,

non-sampling.

Sampling errors:

These arise due to the fact that a sample instead of a census

is used in the estimation of population parameters.

Some of the common characteristics associated with sampling

errors are that:

they are unavoidable in any sampling scheme;
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a sample with smallest error is the best representative

of any population;

a decrease in sampling error is inversely proportional to

the square root of the sample size;

when the sample size becomes equal to the population,

sampling error becomes zero;

their size depends on sample size as well as sample

design, particularly the extent to which units in the

sample are clustered.

Non-sampling errors:

The non-sampling errors are all those that are not due to

sampling but arise because of, for example, overlapping of

Enumeration Area (E.A) boundaries, wrong geographical codes,

question wording, printing, inadequate survey design, concepts,

etc.

Main Sources of Non-sampling Errors:

Failure to measure some of the units in the

selected sample or census.

Observational, mainly, due to defective measurement

techniques.

Those arising from editing, coding and tabulation

of results.

In general, censuses are most affected by non-sampling errors.

While sampling errors decrease with increase in sample size, non-

sampling errors increase with increases in sample size.
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Therefore, control and hence size of non-sampling errors

depend on, among others;

quality of work;

how well the survey is designed and executed;

how well interviewers are trained and supervised.

Types of Non-sampling errors:

There are basically three types of non-sampling errors,

namely:

non-response;

response; and,

tabulation errors.

Non-Response errors

The main sources of non-response errors include:

omission or duplication of units due mainly to

faulty sampling frame;

refusals, not-at-home and lost schedules;

inaccurate methods of interview or inappropriate

questionnaire;

difficulties arising due to unawareness on the

part of respondents or faulty methods of

enumeration.
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Response errors

The main sources of response errors include:

inadequate supervision and inspection of field

staff;

inadequate trained and experienced field staff;

problems involved in data collection and other

types of errors arising from respondents and

interviewers;

design and execution of the survey;

nature and complexity of questionnaire contents.

Tabulation errors

The main sources of tabulation errors include;

inadequate scrutiny of basic data;

errors in data processing operations such as

coding, punching, listing, tabulation and

verification;

other errors arising during publication or

presentation of the results.

Errors at various stages of census/surveys.

There are two main types of errors in a census. These are:

coverage errors; and,

content errors
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Coverage errors:

Coverage errors arise due to the variation between the true

population size and the census figure i.e. erroneous inclusion or

omission of people. More discussions for this topic is found in

later sections.

Content errors

Content errors, usually, a combination of non-response,

response and tabulation errors, refer to mistakes in the recorded

characteristics in respect of persons or living quarters in the

census.

The ultimate objective of a statistical survey/census is to

produce figures/estimates for specific characteristics for a

specified population at a given time. It is obvious that errors

will arise if the content, scope and timing of the exercise do not

meet its stated objectives.

Hence, measurement/recording of characteristics have to be

operationalized into sets of questions and response categories. If

the operationalization is not correctly achieved, then the

survey/census will be measuring something other than one intended.

Example: A survey with the obj ective of measuring income and

expenditure in a predominantly subsistence agricultural

economy. If such a survey does not cover seasonal

variations, then, it will not achieve its objective.
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Quality of data:

The quality of survey results depend upon three

characteristics:

Relevance;

Timeliness; and

Accuracy.

It is important to note that relevance is measured in terms of

how far the final results satisfy the user1 requirements. Thus,

data that can be produced quickly are of little value if they are

not relevant to users' needs.

Also, data of the highest accuracy may be of little value if

they are only available after several years have elapsed. Hence,

there is a great necessity to ensure that there is early release of

data.

Issues related to accuracy, as already mentioned. Accuracy is

a function of sampling and non-sampling errors. This is treated

within the relevant sections.

3 - Bias and variable errors

As discussed earlier, errors in surveys arise from many

different causes and are of various types, depending on conditions

under which the surveys are conducted.

These may be due to:

the general socio-economic situation in the country;

the subject-matter and procedures of the survey;

particular estimation procedures; and,

type of interviewers.
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Also, survey results are influenced by chance factors such

as:

particular units that happen to be in the sample;

particular interviewers and coders used; and,

conditions under which a particular interview is

conducted.

Variable errors measure the variability between different

estimates from hypothetical repetitions of the survey. It is

important to note that the average of all possible repetitions of

the survey, under a given survey conditions , is the

expected value.

Bias is then defined as the difference between the expected

value and true population value.

The above gives rise to four categories of errors, namely:

Sampling - bias error;

variable error.

Non-sampling - bias error

variable error

Sampling variable errors

It is important to note that sampling variable errors have a

number of properties. In particular, the errors:

Are additive, especially wherever sources are

different.

Can be estimated from sample results. This however

assumes that it is a probability sample and that the

information on the survey design is available. Then, in
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that case, errors are measured by comparing what may be

called internal replications of units in the sample.

Can be reduced by doing more of something e.g. larger

sample size.

Generally, to control sampling variable errors, it is

essential to identify, at least the main the sources.

Sampling bias

Principally, sampling bias originate from procedures used in

statistical estimation and can therefore be controlled by

adopting appropriate sampling methods. This is discussed under

the sampling topic. However, it is important to note that

sampling biases are, usually, of little statistical significance.

Also, it is important to mention that sampling and non-

sampling errors differ basically in sources, effects, method of

measurement and control.

Non-samplina biases

Non-sampling errors are mostly in the form of biases

although, to some small extent, non-sampling variable errors,

introduced due to variability between interviewers, coders, etc.,

can also be important.

Main characteristics of non sampling biases are that:

They can be positive or negative (over-estimation or

under-estimation).
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They can sometimes cancel out, especially when one is

doing subclass comparisons from same sample or comparing

results from different rounds of a longitudinal survey.

Measurement of the errors depend on comparisons with data

external to the census/survey under consideration.

They can be reduced by doing something more e.g.

instituting better supervision, control, etc.

4. Control and measurement of errors

Response Errors

General Discussion:

The main sources of response errors have already been discussed

under the section "Types of non-sampling errors".

In censuses and surveys, response biases are common and can be

most serious. For example, systematic errors in reporting of age

is one of the well known type of response bias in surveys and

census. In particular, analysis of census data have indicated that

there is a preference of numbers ending in certain digits, e.g, 5

and 0.

Also, in retrospective surveys, recall-lapse is a major

problem in terms of providing accurate responses. The two common

sources of errors are:

Omissions, due mainly to failure in reporting an event;

event displacement or errors in temporal location.
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Control of response errors:

appropriate and controlled selection, training and

supervision of interviewers;

control of interview;

increasing the number of interviewers in order to reduce

interviewer variance;

conducting consistency checks.

Measurement of response errors:

continuous checking of completed schedules;

- record checks:

birth certificates;

tax return;

military service record;

returns from previous census.

consistency checks;

re-interviewing.

Response variance and other variable errors:

Response variance and other sources of non-sampling errors can

be divided into two categories, namely;

Correlated errors; and,

un-correlated.

Correlated errors:

In the case of correlated errors, responses of all

individuals,in particular those interviewed by the same

interviewer, may be affected by a common factor which would be a

function of the characteristics of the interviewer in question.
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Un-correlated errors:

The un-correlated errors are not easily distinguishable from

sampling errors unless replicate measurements on respondents are

taken. The errors have usually a notable effect on the sampling

variance. However, this is not true with correlated errors,

which can dominate the total error of the estimate if based on a

small number of interviewers, e.g., coders. The effect of such

errors in census data, for small areas, canvassed by only a few

enumerators, are serious.

Non-Response errors

Nature and sources:

These have been discussed under "Types of non-sampling

errors". They include refusals, not-at-homes and lost schedules

and are of common occurrence in African conditions.

Refusals - rare in rural areas of a developing country.

Non-at-homes - common in developing countries and are due to

inaccessibility to some areas due to such

factors as civil disturbances, security

problems, natural calamities, etc.

Contact may be made easier by:

interviewing housewives;

use of proxy-interviews;

appropriate timing of the interview;

increasing number of call-backs.

Following a successful contact, the next step is to obtain

respondents co-operation to provide the required information.
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A host of factors determine refusals:

type of respondent;

nature of questions asked;

burden on the respondents;

techniques and skills of the interviewers;

general receptivity or otherwise of the population to

statistical inquiries;

survey/census procedures followed;

reputation of the organization conducting the exercise;

extent and effect of publicity.

Lost schedules:

These may occur in the mail or may be due to faulty

handling.

Effects and measurement of non-response

Non - response can generally be measured by comparing lists

of units to be interviewed with units actually interviewed.

Therefore, if possible, sources of non-response are sorted into

meaningful categories, and, if accurate accounts are kept of all

eligible units, then non-response rates by source can accurately

be calculated.

Note that:

Non-response bias occurs when non-responding units

differ in relevant respects from those that respond.

Evidence of bias is measured by comparing data obtained

in the census/survey with similar data from alternative

source for the non-responding units. Direct estimation

can be facilitated by case-to-case matching.
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An alternative way of estimating directly the effect of

non-response would be to mount a special follow-up

intensive study.

Control of non-response errors

This can be achieved by the following methods:

Revisits of households or units of enumeration;

Persuasion of those refusing to respond;

Careful handling of completed documents.

Use of analytical methods such as:

Collection of additional data i.e. substituting

new units to achieve the original size.

Efficiency, however depends on the procedure and

homogeneity of the groups within which substitutes

are made.

Re-weighting or duplication of the responding

units. This is based on the assumptions regarding

similarities between responding and non-responding

units preferably within strata or sub-groups.

Tabulation Errors

The main sources of tabulation errors have also been

discussed under the section "types of non-sampling errors".
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Control of tabulation errors

Procedures for control of tabulation errors include:

verification;

consistency checks;

built in checks;

cross checks on computations;

use of suitable sampling methods to assess magnitude of

tabulation errors at various stages.

Measurement of tabulation errors

In the case of coding, number of wrong codes will be

indicative of the error rate.

Errors in data entry can also be measured through

verification exercise etc.

Coverage Errors

Nature and sources

Non-coverage denotes failure to include some units in the

universe. In the case of surveys, the selection of a probability

sample has to be done by applying an appropriate randomized

procedure to a sampling frame in which all units on the

population are represented. This also can be distorted by

defects in the sampling frame as well as due to errors in the

process of sample selection. For example, some units may be

duplicated (increasing their choice of selection) or have

insufficient information that can facilitate selection. These

should be distinguished however from deliberate exclusions so far

as results from the survey do not include them.
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In the case of censuses, non-coverage arises from wrong EA

boundaries hence it is necessary that area units cover the

population exhaustively i.e. account for all elements in the

target population, that these units be non-overlapping and that

their boundaries be clear and uniquely identified in the field.

If lists of localities are used (in case there is no

cartographic work), problems may arise if the list does not cover

the whole population exhaustively or their boundaries cannot be

demarcated precisely.

Coverage errors can also arise from imperfections in the

listing of dwellings or households.

Coverage error for household interview can be due to:

errors of original listers;

movement, break-up or formation of households; and

household definition.

Coverage for individual members can be due to:

any of the above reasons; or,

errors in listing of household members.

Effects of coverage errors:

(i) The following are some of the observations regarding

the effect of coverage errors:

The percentage error in estimating total number of

units in the population is approximately equal to

the percentage net under-coverage;
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The effect is, however, less marked if the units

omitted tend to have lower values (e.g. if smaller

farms are omitted) in an agricultural survey; and

In estimating proportions and means, bias results

from differences in the characteristics of units

covered and those not covered.

In estimating differences between various sub

groups of the population, coverage errors will

result in a bias if the estimated differences of

the bias present for one of the sub-groups is

significantly different from that for the other

sub-group.

The estimation (measurement) of coverage

errors and their effect on survey/census results

is a difficult and expensive task which in most

cases can be done only against information

obtained from outside a particular survey/census

operation.

(ii) In this regard, basic requirements include information

on;

units not covered;

units covered more than once;

units erroneously covered.

Also, information on relevant aspects of the above

mentioned units, will be covered.

(iii) Some of the estimation techniques of coverage errors

are:

comparison of census results with other related

data such as from a post enumeration survey;
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comparison of results of one census with that of

another taking into account migration, births and

deaths, during the period between censuses;

re-interviewing of a sample of households; and

checks against external sources of data such as

school registrations, social security records, etc.

Control of coverage errors:

This can be achieved by:

construction of a good frame for census survey;

careful listing of units for enumeration; and

intensive supervision, etc.

5. Conclusion

It should be noted that if a census is full of errors, then

all efforts are wasted since decisions based on such data can be

very costly and harmful to the welfare of the people.

Unfortunately, errors in censuses and surveys tend to compound. It

is therefore important that quality control, at all phases of the

operation, be an essential part of a good census.
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TOPIC D:

I. CENSUS EVALUATION PROGRAMME

1. Introduction

With increased frequencies of undertaking censuses and

surveys, there has been a corresponding increase in error

awareness, among data producers and users. As a result, countries

in the African Region have witnessed increased applications of the

census evaluation programmes.

Under this topic, three main subjects related to census

evaluation are discussed. These include:

- concepts and usefulness of census evaluation;

- methodological framework for census evaluation; and,

- post enumeration survey.

2. Concepts and uses of census evaluation.

importance and Objectives of census evaluation

With regard to the 1970 round of population censuses, the

United Nations made two equally important observations.

These are:

Good census practice requires a careful consideration and

evaluation of completeness and accuracy of the census

results; and

In the final census publication it is advisable to

indicate fully the method used for evaluating the

completeness of the data.



ECA/STAT/TSS/92/7

Pag« 104

A seminar on organization and conduct of census of

population, held in Addis Ababa, in 1969, and organized by the

Economic Commission for Africa, discussed and agreed on basic

objectives of a complete evaluation programme.

in this regard, the objectives of a well considered census

evaluation programme are to:

determine the level of accuracy of census results with

regard to coverage and content;

indicate, to users, the limitations of the census

results and, if possible, to correct some of the

errors thereby increasing the value of and confidence

in the data; and

to determine causes of census errors.

To the above objectives we may add:

identify sources of errors; and

provide guidance for future statistical programmes

(censuses and surveys).

s of evaluation programmes

This can be discussed under two topics

- measures of census error; and,

- identification of error sources
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Measurement of errors in censuses

Accuracy

Accuracy represents quality of census results and is

measured by the difference between the census results and the

true population value being measured.

In demographic evaluation methods, accuracy is measured by

"net census error".

With regard to statistical (stochastic) approach, accuracy

is measured by estimating the relative importance of various

components of error which, arise at any stage, from such sources

as:

varying interpretation of the questionnaire;

unwillingness/inability to give correct answers;

non-response;

coding errors;

poor operational control resulting in loss of

documents;

less than perfect data collection and processing

procedures;

faulty instruments, instructions and training manuals.

Identification of sources of error:

Appropriate identification of error sources is expected to

assist future census operations by answering the following

questions:

At what stage was the error introduced?
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Was the error caused by poorly designed questionnaires,

ill-trained enumerators, subjective coding, computer

programme mistake and so on... ?

Do the errors affect population sections differently?

Wavs in which products are used

There are three ways in which evaluation products are used.

These are:

Guide improvements in future censuses and surveys.

For example, if a particular section of the population

was poorly enumerated, producers will introduce new and

superior techniques for enumerating the group.

Assist census data users with data interpretation.

Specifically:

alert users to the fact that there are errors

present in the data;

provide information on the relative magnitude of

error for particular data items; and,

assign an appropriate degree of confidence to

conclusions and inferences drawn out of the data.

Adjust census results

Generally, however, the decision to adjust is sensitive and

therefore, the action is rare.
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Tvoes of census errors

These can be classified in terms of the following analytical

framework:

coverage versus content errors;

net versus gross; and

sampling versus non-sampling.

Coverage and content errors

Coverage Errors:

In general coverage errors arise due to:

defective field operations (logistics);

defective maps;

carelessness by enumerators;

misunderstanding or lack of co-operation by

respondents;

loss of forms (misplacement); and

destruction of forms.

Note that, measurement of rates, ratios, percentages and

proportions are only affected if the numerators and the

denominators have different errors of coverage.

Coverage error is caused by incomplete count of persons or

housing units or households due to:

omissions;

- duplications; and

erroneous inclusions.
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Omissions

These can be introduced by omitting:

entire inhabited areas;

entire housing units or households;

one or more persons in household.

Primary causes of omissions are:

failure to include part of land in creating enumerator

assignments particularly imprecise boundaries, faulty

maps and coverage errors made by field staff in the

pre-listing operations.

Canvassing errors by enumerators mainly caused by:

imprecise definition of assignment;

faulty maps;

oversights.

Other reasons for household omissions are:

Household members being at another place or residence

(those with more than one place of residence);

Temporary absent during hours of enumeration;

On transit during enumeration period;

Those living in boarding houses or hotels;

One person households if he or she is usually away;

Those who change residence during enumeration period;

Those without fixed place of sleep.

Also, faulty definition or interpretation of a household may

lead to omissions such as:
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terms used, such as place of usual residence may

cause confusion;

infants, young children, and old persons;

those living in servants' quarters;

persons who died after the census date but before

the enumeration took place.

Duplications

These occur when households/persons are enumerated more than

The causes of duplications are:

overlapping of enumerator assignments, mainly due to

poor mapping;

inability to identify proper boundaries;

high mobility of households, in particular, those who

changed residence during the census or those in

transit.

Erroneous inclusions

These include households/persons who should not have been

enumerated or are enumerated in a wrong place.

Examples of erroneous inclusions are:

persons who died before the census;

persons born after the census;

aliens, especially in de jure census;

fictionalized (fabricated) persons;

persons enumerated in wrong geographic areas;
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deliberate inclusion of persons due to political or

social reasons.

Content Errors:

Content errors are committed when inaccurate information is

collected on some characteristics of the population.lt is,

therefore very important that concepts and definitions of the

characteristics being measured are clearly stated.

The causes of content error are:

proxy enumeration;

wrong reporting on the part of respondents;

inability of enumerators to understand and apply

the census concepts correctly;

enumerator performance - lack of dedication, poor

supervision etc.;

defective data collection instruments;

entering responses wrongly.

Net versus gross error:

Gross error refers to the total number of errors made in a

census.

Example: Gross census coverage error consist of all

omissions, duplicates and erroneous enumerations.

Net census coverage errors

These are measured by calculating the excess of errors.

Usually given by:

duplicates + erroneous enumerations - omissions.
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Net census undercount

Net census undercount exists when the number of omissions

exceed the total of duplications and erroneous enumerations.

It is important to note that net census over-count is the

opposite of census undercount, i.e, when the total of the

duplicates and erroneous enumerations exceed the omissions.

Let:

p* = true count of the population in category "x";

pc = census count of persons in category "x";

X

>c = total count of population covering several

categories;

i = persons in category x correctly included in

census;

> = persons in category x incorrectly omitted from the

census;

; = persons in category x correctly included in the

census but reported in a category other than x;

I = persons incorrectly included in census and

reported in category x;

s = persons correctly included in the census but

incorrectly reported in category x;
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Pc = a + b + c;

X

P° = a + d + e (estimated) ;

X

The net error for the census category is expressed as

a + b +

b + c

(b + c)

census undercount -

census overcount -

c

d

(d

b

d

—

-

+

+ ■

+

(a+d+e)

e

e)

c

e

Calculation of gross and net error due either to coverage or

content is done as follows:

Gross error due to coverage = b + d

Net error " " " b - d

Gross error due to content misclassification

Net error due to content misclassification

Sampling vs. non-sampling errors

Sampling errors arise because information is collected from

a portion of target population. Scientifically,however, it is

possible to estimate the ranges within where the population

parameter lie.
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Non-sampling errors consists of all other errors not due to

sampling.

In the case of a census, the entire evaluation programme is

directed to non-sampling errors.

3. Methodological framework for census error evaluation ;

Methods for evaluation of census errors can be grouped into

two main categories:

methods based on single source data; and,

methods based on multiple source data

single source data

There are basically two methods:

Demographic analysis technique;

Interpenetrating studies.

Demographic Analysis technigue

Coverage error:

Only crude (approximate) measures are possible. Generally,

demographic analysis do not provide sufficient information to

separate errors of coverage and content.

Example: Calculation of average number of persons per

household on small areas is sensitive and extreme

variations from the mean might indicate coverage

error.
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Content error:

Examples: . Tabulations of ever married persons by age and

sex could be examined to assess the smoothness

of progression. Any detected irregularities

are indicative of the presence of errors.

. Analysis of census age distribution can be

under-taken by comparisons with stable age

distribution models.

Interpenetrating Studies:

This involves assessment of census personnel randomly

(interpenetrated) in the field, just like experimental design

methods. The objective is to assess the extent of variability,

or variance, attributable to different operations or personnel.

In practice the method is done by office staff by selecting

enumerators and calculating variability of their work, without

necessarily undertaking field activity.

Multiple source data

These fall in two categories: matching studies and non-

matching studies.

Matching studies

There are three situations under which matching studies are

conducted:

post censal matching surveys;

record checks; and,

comparison with existing household surveys.

In all these situations individual census records are

matched against the records of another source.
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Post-censal matching surveys .

This system consists of re-enumerating an independently

selected probability sample of target population and subsequently

determining coverage status on the basis of a record-by-record

match. The results are then weighted up to measure coverage for

the entire target population. For estimation of population

values, particularly gross and net coverage rates, the principle

of a dual-system is used.

The technique is usually referred to as Post Enumeration

Survey (PES).

The working Group on Recommendations for the 1990 Population

and Housing Census in Africa, meeting in Addis Ababa, May 1987,

strongly stated, among other issues, that; " a PES for coverage

evaluation should be planned, organized and executed as an

integral part of a population census and that content errors be

evaluated by other methods such as demographic analysis ".

Countries that conducted a PES were: Algeria, Botswana,

Burkina Faso, Cameroon, Ghana, Guinea Bissau, Ivory Coast, Kenya,

Liberia, Senegal and Zambia.

The following are some of the problems which were identified

with the PES undertaken in the past:

- unrecognizable boundaries of sample areas;

persons often known by different names, and also,same

names used by a number of persons;

general fatigue and apathy of enumerators, supervisors

and respondents; and

no appropriate budget for the exercise;
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lack of thorough understanding of uses of PES;

Lack of adequate expertise to plan and execute the

survey;

inadequate planning.

The early emphasis on PES was that of a better quality PES

but, now, with a shift to dual system of estimation, emphasis is

on independence between census and PES.

More discussions on the PES are given in the next section.

Record checks

Under the record checks system, a sample of records from a

registration of some sort is selected and relevant persons traced

back to the census.

Types of record systems that can be used are:

list of persons from previous census;

registers of births;

lists of students enroled;

voter registration cards;

citizen identification cards; and

immigration registers.

These records must satisfy certain conditions, the major

ones being that:

- the entire target population must be divided into

clearly defined segments;

the records must be independent of census records; and

information provided must be sufficient for matching.

It should be mentioned that the above conditions are rarely

met in real life situations.
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Comparisons with existing household surveys

Conditions necessary for this system are:

independence of the survey from a census;

sufficiency of information collected; and

timing of census and household survey.

Non-matchina studies

Non-matching studies are those which are dependent upon

computation of expected values based on previous census records.

Either a rigorous demographic analysis is undertaken or the

expected values are compared with administrative records or

household surveys.

Demographic analysis

The basic procedure consists of applying an assumed

rate of intercensal population growth to the enumerated

population from a previous census and then estimating

the population expected at the time of the census.

Another procedure is to use the population balancing

equation to estimate the expected population of the

census under consideration. Thus, number of births,

deaths and in/out migrants are added or subtracted from

the census population under consideration.

Comparison with administrative records

Accuracy of census can be evaluated by comparing with

administrative records such as school enrolment, etc.
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Comparison with existing household surveys.

Because household surveys are on a smaller scale, there is

greater operational control and therefore higher accuracy.

Comparisons of the data with that of a census is therefore

expected to provide useful results. There are however a number of

limitations with the approach. The most important limitation

being that, the household surveys contain sampling errors which

must be taken into consideration and, if reference data are far

from each other, the comparisons will contain large differences.

Relative strengths and weaknesses of the methods

Each of the above methods has strengths and weaknesses. In

considering the merits of different approaches, the following

criteria should be taken into account:

the types of errors that need be measured;

the number and types of assumptions made;

the difficulties encountered in satisfying the

assumptions; and

the level of technical and financial sources required

to implement the operations.

Advantages and disadvantages of various methods

With respect to methods based on single versus multiple

sources of data:

Disadvantage:

it provides less insight into magnitudes and types of

error.
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Advantages:

it does not require additional data for evaluation

purpose and no sophisticated designs and time

consuming matching operations are required.

it does not require additional staff or technical

assistance in carrying out the analysis, given that, in

most statistical offices, there are enough

demographers.

With respect to interpenetrating studies the following are

some of the advantages and disadvantages:

Advantages:

if properly designed, they can provide insight into the

relative contribution of component errors at different

operational stages;

adequately identifies operational areas in which

improvement is needed in the future;

provide measures of variance associated with various

operational stages.

Disadvantages:

they do not provide evidence on relative magnitude of

coverage versus content nor net versus gross;

because of increased enumerator travel costs, they are

costly.

In comparing matching against non-matching studies the

following advantages can be stated:
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matching provides separate estimates for errors;

coverage/content, net/gross, etc.;

in the case of non-matching studies, since census

results are considered to be aggregates, they can only

provide net census error;

comparisons of census results with administrative and

household surveys are affected by coverage and

completeness of data being compared;

with regard to household surveys, sampling errors and

correlation bias should be taken into account.

Biases

Biases of several types are present in most of the methods.

response correlation bias arises when two sources of

data are not independent.

matching bias arises when matching rules are imperfect

and errors are made when determining match-status.

out-of-scope bias arises when persons who should not

have been included in the match are included.

Basis of methodology choice

Due to unavailability of sufficiently reliable record and/or

registration of surveys, demographic analysis and PES remain

primary methodological options.

Since demographic analysis are always taken in censuses,

the critical decision is therefore whether to conduct a PES or

not.
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In many countries, PES is the only means of evaluating census

especially the coverage error.

4. PES evaluation of coverage errors

Introduction

PES may be defined as a replication of the census exercise on

a representative sample of a census population. Individual cases of

the two sources of information are then matched with the purpose of

estimating particular values and to identify the causes of errors.

Two types of coverage errors can be distinguished:

undercoverage resulting from erroneously omitting a

person or household;

incorrectly enumerating a household or person. This

includes duplicate or multiple enumerations, misassigned

enumerations in terms of geographic or demographic sub

group .

Methodology of estimating coverage error

FES matching study

This serves four specific purposes:

indicates to users specific coverage problems;

provides guidance to future census planners;

identifies problems of erroneous procedures used in

census;

if data in census demands adjustment, it will provide

detailed information to be used in adjustment models.
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Estimation techniques

These include:

single system estimation; and,

- dual system estimation.

Single system estimation

In the single system estimation method, survey estimates are

used and replace the census figures.

It is thus important that:

more detailed questions are asked?

enumerators are thoroughly trained; and

more efforts are made to reduce omissions.

However, census results are only used to correct PES errors

through reconciliation.

Dual system estimation

In the dual system estimation model, population estimated

values are based on both the PES and the census figures.

Thus, the estimates are prepared by case-to-case matching,

using two different and independent sources and which describe

the same population.

Theoretically, the dual system estimation springs from

capture/recapture techniques used in wildlife population surveys.

The mathematical formula is described in the example given below:

Example: Estimating number of fish in a lake with no

inlets/outlets.
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Assume the fish is uniformly and randomly distributed

throughout the lake.

The necessary three steps:

Lower a net and capture a number of fish. Tag the

captured fish and return them back into the lake.

Let the number of the captured fish be represented

by •%»

After allowing for enough time for the fish to be

redistributed, lower the net for the second time and

capture a number of fish.

Let the number of fish captured at the second stage be

given by "N2".

Note that it is possible for a particular fish to be

captured in both the first and the second attempts.

Let the number of fish caught in the two attempts be

represented by "M".

Table: capture - recapture study

First capture

Total

caught

Not Caught

Second Capture

Total

NT

N,

-

Caught

N2

M

N2-M

Not Caught

N,-M

N, Number of fish caught in first attempt

■f it second "

M n it it it n both attempts
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NT = Total number of fish in the lake.

Note: The objective is to estimate NT.

To model the process, the capture of fish is conceptualized

as a stochastic (Bernoulli) event. Therefore, M, Hl and N2 are

assumed random events.

Let the probability of a particular fish being caught in

the first attempt be equal to P, and the probability of a

particular fish being caught in the second attempts be P2. (the

two attempts are independent).

Then E(M) = PI P2 NT (i)

E(NJ = P,NT (ii)

E(N2) - P2 NT (iii)

Substituting equation (ii) and (iii) into (i) and

substituting observed data we get the following:

M = P, P2 NT

- N, Ua. NT

NT NT

NT

Re-arranging the terms:

M
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Application of the model to census and PES

Let Nc (replacing Nx) - census count

NP (replacing N2) = Weighted sample total of PES

M Weighted number of matched persons

Dual system estimation model

Census

Total

Reported

Not reported

PES

Total

N

Nc

<Vt)

Reported

Np

M

Uj^Np-M

Not Reported

<v2)

U2 = Nc-M

(Z)

Where:

N true census population

cases reported in the census but not in evaluation

study.

cases reported in the evaluation study but not in

the census

indices

(i) Estimate of completeness of the census

census coverage rate

N
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(ii) Estimate of total population

NT =

M (W.)

The validity of the estimates is based on the assumptions

that:

the sample is representative;

all definitions and concepts are clearly worded;

boundaries are defined clearly;

respondents can describe adequately where each sample

person was staying during the census;

matching is done without net matching error;

re-enumeration is completely independent of census

errors.

The estimation involves:

obtaining the two sources of data independently;

obtaining match cases.

Census erroneous enumeration

The following components of census erroneous enumeration

would be estimated from the PES.

§ = Number of persons incorrectly located

geographically in the census.

£ - Number of persons incorrectly enumerated in the

census (fabricated or not in scope).

§ = Number of duplicate enumerations in the census.
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I = Number of persons who are enumerated in the census

but with insufficient information for matching.

Adjustment for dual system estimate of total population:

NT = (Nc - d - fi - & - Jl .NP

M

For the case of adjustments second field exercise should be

conducted, following the matching exercise, to measure census

erroneous enumeration and to follow up on the unresolved matching

cases.

PES matching procedures frules)

General

There are three basic procedures that are used to evaluate a

population coverage in census.

Procedure A;

Procedure B;

Procedure C.

The three procedures only differ in the treatment of movers.

Procedure A:

Re-constructs household as they exited during the census.

A respondent is asked to identify all persons who were

living or staying in the sample during the census and these are

then matched with census records. Thus, estimate of number and %

matched for non-movers and out movers are made.
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Procedure B:

Identifies all current residents living or staying in the

sample household at the time of PES. The respondents are asked

to provide address(es) of all the persons who were there during

the census day (night). These are matched. Then, the estimates

of number and percentage matched for non-movers and in-movers are

made.

Procedure C:

Identifies all persons staying in the sample, at the time of

PES plus all those who live in the sample during the census.

However, only non-movers and out-movers are matched. Estimates

of number of non-movers, out-movers and in-movers and of percent

matched for non-movers and out-movers are made.

Advantages and disadvantages of the procedures:

Procedure A

Since movers are no longer at sample EAs, a proxy has

to provide information. However, it has been proved

that it is not easy to achieve satisfactory answers

through proxies. The problem is even more amplified in

a de facto census.

Procedure B

More complete and accurate answers are obtained with

this procedure.

There is a serious disadvantage in matching procedures

since finding old addresses for in-movers is very

difficult.
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Procedure C

Combines the relatively simple matching operation of

procedure A with the more straightforward and complete

field enumeration of procedure B.

Gives results with lower correlation bias than A.

Gives lower matching bias than B.

Gives lower overall bias than both A and B.

Thus, in most cases, procedure C, in-movers from B are used

to get a count of movers and out-movers which are then matched,

for the purpose of estimating the proportion enumerated and

proportion missed.

Enumerated and missed persons

Complications arise when determining where a person might

have been enumerated or ascertaining where a person should have

been enumerated.

The following two procedures are in order:

Procedure I:

For estimating coverage, it is a requirement to:

Ascertain the places where the person might have been

enumerated in census.

Search the census lists at each place and classify the

person, on the basis of this search, as correctly

enumerated, missed or erroneously enumerated.
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The procedures are difficult and expensive because of the

necessity to reach for addresses where a person might have been

enumerated in the census. In most cases, some will have

forgotten and, if the information is from a proxy, it becomes

even more difficult.

Procedure II:

In procedure II, the PES attempts to find out where the

person should have been enumerated. The matching search is

limited to the Enumeration Area (EA) where the PES reported that

the person should have been enumerated.
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II. QUALITY CONTROL PROGRAMMES

1. Introduction

Concepts and Definitions

Quality:

Degree to which a specific product or service satisfies the

wants of a specific user.

For example: How far the Population Census results go into

satisfying the needs of planners and/or policy makers.

Control:

All the activities by which intended objectives and quality

standards are achieved.

Quality control programme

Thus, Quality Control Programme is the collection of all

activities by which fitness for use is achieved.

objectives of the quality control Programmes:

The main objectives of quality control are to:

improve data quality before enumeration; and,

limit loss of quality after data collection.

In view of the importance of population census in the entire

statistical activities of any government and the immense resources

involved, every effort should be spent both in improving data

quality, at the collection stage, as well as limiting any avoidable

loss of quality. Experience indicate that the objectives can
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easily be realized if all activities are closely monitored to

ensure acceptable standards.

Hence, a need to prepare a comprehensive quality control

programme before undertaking a population census.

Determinants of Quality Control:

The quality of a census data, and indeed any data collection

activity, is a function of three equally important elements,

namely:

relevance;

timeliness; and,

accuracy.

Relevance

Utility of any collected information is a function of its

relevance to users' needs and which include both the scope and

content, specifically:

type of information collected;

the detail which the information should take, including

level of disaggregation;

time frame for presenting the information.

However, the needs are sometimes not promptly met, because a

greater number of users have:

limited knowledge of data availability; or,

limited ability to appropriately define the requirements.
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Equally important, producers need to understand the users'

needs. Experience indicate that the problem can be solved within

the context of appropriate dialogue between users and producers.

To some extent, this has been achieved in most statistical

offices through:

formation of ad hoc committees; and

formation of more formalized institutionalized

consultations.

Timeliness

It has always been argued that utility of any data falls off

with passage of time. For example, a crop forecast survey will

be of limited use if not produced before the crop is harvested.

Delays in producing census/survey results in African

countries are caused, mostly, by imbalances between development

of the capacity to collect data and the capacity to handle. A few

reasons have been advanced for such imbalances, namely;

- lack of computing facility;

poor staffing situation in data processing;

lack of co-ordination of different operations.

Accuracy

The accuracy of census data is a function of sampling and

non-sampling errors. Sampling errors are a function of sample

size, sample design and estimation procedures. Thus, the common

techniques used in the control of sampling errors are:

stratification of PSU's;

use of PPS in sample selection; and

use of relatively large samples.
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Non-sampling errors, however, occur at all stages of the

census process and are often hard to detect, control and model.

2. Elements of quality control programme

A well considered quality control programme should indicate:

quality control techniques;

verification techniques;

acceptable quality standards;and

application of quality control programme to population

censuses.

Each of the programme is considered below:

Quality control techniques

These can broadly be grouped into two, namely:

spot checks; and

scientific approach.

Spot check

The subjective method of checking census materials and/or

activities. Being subjective, it does not lead to obtaining

reliable estimates of the census data quality.

Advantages:

Among the advantages, the technique is:

easy to apply;

cheap to operate; and

less time consuming.
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Disadvantaaes

The technique may lead to:

undue alarm;

compliancy as to acceptable quality;

none measurement of precision on reliability; and,

none formal procedure of keeping quality under

control.

Therefore, the technique is never recommended unless cost

and time do not make scientific method feasible.

Scientific approaches

The scientific approaches are based on probability sampling

and are more reliable with regard to controlling the quality of

operations.

As for the case of spot checks, there are a number of

advantages and disadvantages associated with the approach.

Advantages:

Since it is a probability sample, it is possible to

measure reliability

Disadvantages:

Among the many disadvantages, it is necessary to state that

the approach:

can be time consuming;

becomes difficult to implement, especially in cases

where statistical offices are poorly manned.

is, generally, more expensive
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The two common techniques for the scientific approach of

quality control include:

- checks for consistency and reasonableness; and

- verification.

Checks for consistency and reasonableness

The technique is used in reviewing a filled questionnaire.

This procedure involves tests on:

equality,

range,

inequality,

reasonableness,

ratio.

Verification approach:

This is the commonly used quality control technique and

involves a number of different techniques.

Due to the importance of the technique, it is discussed in

great detail in the next section.

3. Verification as a quality control technique:

Types of verification:

Verification can be on complete or sample basis and involve three

principal techniques:

dependent verification;

independent verification;

combined dependent and independent verification.



ECA/STAT/TSS/92/7

Page 137

Dependent verification

The technique entails a verifier examining the work of

producer and then determining whether it is correct or not.

Example

In checking for coverage error, the supervisor could take

back, to the field, completed questionnaires to ascertain whether

households listed are those that should or should not have been

enumerated.

Advantage:

The operation is quicker, cheaper and easier to operate.

Disadvantage:

The verifier can easily be influenced by the work of the

producer.

Independent verification

In independent verification, verifiers, independently repeat

the tasks performed by the producer and then, the work of

verifier and producer, are matched by a third person.

Example

In a population census, an enumerator and a supervisor could

independently undertake enumeration in the same EA. The two

completed exercises could be compared in the office by the

district census officer by checking for any inconsistency.
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Advantages

The technique imposes same control over the producer and

verifier and none is influenced by the other.

Disadvantaaes:

takes a longer time;

requires more personnel and is therefore more

expensive.

Combination of dependent and independent verification

The procedure is used to check the work of a first verifier

in a situation where dependent verification has already been

undertaken.

For example:

In a population census, a supervisor may verify the work of

an enumerator and institute any necessary corrections.

Afterwards, a sub-sample of the supervisor's work is taken, by a

third person, e.g. office clerk, and further verification carried

out.

Specifically, the work of the supervisor (first verifier)

and the office clerk (the second verifier) is further verified by

the senior supervisor in the office. In that way, errors

introduced or not detected by the first verifier can easily be

determined.

Complete vs. sample verification

As the title implies,verification can be based on two types of

population sizes.
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These are:

- complete; and

sample

Complete verification

The technique involves verifying all items (questionnaires)

on 100 per cent basis.

A number of advantages are associated with the technique:

These include:

achieves perfect quality, at least theoretically;

permits precise calculation of errors for each

individual involved; and

likely to control error in extremely low levels.

However, the techniques is more expensive as compared to

taking samples.

Special conditions for reverting to 100% verification

include:

when error rate of the producer is known to be much

higher than the set standard;

when saving in cost, as compared to the sample,is

significant.

Sample Verification

As the term implies, samples of work lots are randomly

selected and evaluated for acceptability. Being a random sample,

there are a number of advantages including:
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cost effectiveness;

usually, yields results as good or even better than

100% verification;

due to possibilities of calculating precision,

statistical controls can be instituted;

risk of making wrong decision, i.e. rejecting the lot

when quality is acceptable or accepting the lot when

quality is unacceptable, is calculable.

Types of sampling plans.

Two types of sampling plans are used in the verification of

census operations. These are:

continuous sampling;

acceptance sampling.

Continuous Sampling:

The technique, commonly known as process control, is mainly

used in mechanically oriented operations such as:

printing of questionnaires or manuals;

binding the questionnaires into books;

binding instruction manuals;

printing labels, etc.

The main objective is to control random fluctuations in the

quality of the output and thus ensure that the required average

level of quality is satisfied. Thus, greatest benefits accrue

when errors are systematically checked and immediately corrected

wherever detected.
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Acceptance Sampling:

The technique is applied to people related activities and

involves judgement and interpretation and therefore subjective to

individuals involved in the exercise.

Operationally, a sample of unit of work, such as completed

questionnaires for an enumeration area or enumerators/editors work

for a day, is verified to determine whether the error is within the

set standard (acceptable limit). It is, therefore, essential that,

in acceptance sampling plan, feasible quality standards are set in

advance.

Action to be taken:

If the number of errors are more than the set upper limit, the

work should be checked on 100% basis and then all errors corrected.

4. Setting Quality Standards

General:

Setting acceptable quality standard is mainly a function to

which data will be put.

For example:

If decision making is to be based on extremely accurate data,

the higher must be the quality standard.

However cost considerations must be given appropriate

attention. Needless to mention that the higher the standard of data

quality, the higher the cost.
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Generally,it is recommended that quality standard, be not

only desirable but reasonable in terms of meeting the above two

basic considerations.

Experience indicate that senior-level managers determine

and set standards for census or survey activities without

appropriate consultations. It is, however, important that for

purposes of appropriate application of these standards all staff

involved in quality control programmes, be consulted.

Sample Size

The size of a sample for the purpose of verification, is a

function of the level of quality desired and minimization of the

total level of cost.

It is a general rule that for demographic characteristics,

sampling rates, for measurement of quality, be as follows:

Type of verification Minimum Maximum

sampling rate (%) sampling rate (%)

(i) Dependent 5 25

verification

(ii) Independent

verification 2 10

Risks in accepting or rejecting work lots:

Rejecting or accepting work lots, based on set quality

standards, is subject to some risks.

i) A producer takes the risk of rejecting, during

verification; good quality material when it should have

been accepted, let that be designated by, "X"
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ii) A consumer takes the risk of accepting bad quality

material when it should have been rejected. Let that be

designated by. "B".

An ideal sample plan is one which minimizes both the

consumers risk, X and producers risk, B.

The following are recommended:

X = 5%

B = 10%

Error Rates:

Let acceptable error rate for producers and non-acceptable

error rate for consumers be represented by r,. and r2,

respectively.

Thus, if, for example, rt = 2%

and r2 = 5%, then, a decision may be reached of rejecting 5%

of good quality work lot having 2% defectives.

Recommended and commonly used error rates for producers and

consumers:

Consumers Minimum Maximum

(X) 2 6

Producers

(B) 13 20

Any change from the recommended ranges should be reasonable

and based on the criteria already mentioned.
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Work lot

Commonly used work lots for censuses, are all the

questionnaires in one enumeration area for a full days1 work for

office activities.

5. Applications of Quality Control to population censuses

Introduction:

A successful quality control programme, at all stages of

census taking, should include:

proper definition of errors to be verified;

clear instructions for selecting cases for verification;

reasonable and workable standards for accepting or

rejecting producers work;

clear instructions on what action should be taken when

unacceptable work is found.

The main stages in census operation include:

- preparation and printing of the census documents;

- assembling the documents;

- preparation of maps;

- data collection; and

- post enumeration activities.

Preparing and printing the survey instruments

The questionnaires, instruction manuals and publicity

materials should all be drafted on time to allow adequate time for

printing, publicity programmes, training of field staff and

distribution.
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Question wording should be such that it will not cause any

confusion in the mind of respondents or enumerators.

As concerns printing and material distribution, the

activities are both machine and human oriented.

Printing

Census organizers should identify a printer, if the exercise

has to be implemented externally, with suitable paper, reliable

machines and clear ink.

An acceptable printed material should have:

clear prints;

proper margins;

no smudges.

Being machine oriented, verification should be based on

continuous sampling and any corrections effected on spot.

Specifically:

inspection should be on-going i.e. as long as the

printing process goes on; and

throughout the exercise, appropriate records should be

maintained.

However, level of work quality should be such that it does

no become too strict as to slow down the whole process.

Assembling materials

(1) At the end of the printing, census questionnaire and

instruction manuals will be bound into books. Of

particular mention, the bound questionnaires will

contain:



ECA/STAT/TSS/92/7

Page 146

front-cover, with information for EA No.,

district, Region and sometimes total number of

households;

also bound with the questionnaire, would be

listing sheets, brief instruction sheets etc.

These items should be checked on 100% basis.

(2) Kits for enumerators, which may consist of:

enumeration area map, letters of introduction, required

number of questionnaires, enumerators manual, etc:

These should be checked on 100% basis and any missing item

included on spot. Also, records of the items sent out to each

specific enumeration area or field office, should be maintained.

Map Preparation

A number of operational steps are necessary before the final

production of the final EA map. These are:

listing of administrative divisions;

preparing geographic code scheme;

acquisition of base maps;

up-dating the maps;

drafting base maps;

making copies of the maps;

delineating EA's;

preparing a master list of EA's;

reviewing the maps; and,

drafting publication maps and charts.
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Verification of the first eight activities, should be based

on acceptance sampling. Since accurate mapping will ensure good

coverage, it is important that minimum errors be allowed to go

through.

With regard to activity on review of maps; readability,

correct scale. North-arrow, identification information and legend

should be verified on 100% basis.

Also, concerning the activity on drafting publication maps

and charts, verification should done on 100% basis.

Clerks whose work is thought to re-occur with unacceptable

errors should either be retrained or removed.

Data collection

In view that census enumeration has to be completed within a

short specified time and since it involves a large number of

enumerators and other staff, the system of applying detailed

checks, as data is collected, is indeed limited.

However, the following schemes can ensure that obvious

errors are minimized.

Supervisors

The Supervisors should:

assist in identifying EA boundaries;

indicate to enumerators the best route of travel, so as

to ensure full coverage;

prepare advance listing of housing units;
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observe an enumerator at work during the early part of

the exercise;

keep records, during observation, especially, on

illegible entries, omissions, inconsistent response
etc.

The organizers, on their part, should ensure that

supervisors are:

well trained;

given detailed and clear instructions;

involved in training of enumerators, so as to be able

to identify weak enumerators from the start;

given workloads that are manageable, including ensuring

that the ratio to enumerators is kept to minimum,

preferably, 1:4;

provided with appropriate review forms, workbooks etc,

for record keeping;

provided with detailed sample selection procedures, for

use during the verification of completed work on

acceptance sampling basis.

Enumerators

It is important to note that good quality data is dependent

on:

simple instructions and procedures provided to field

staff;

dedicated and academically qualified enumerators;
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effective training programme;

effective and immediate follow-up;

an immediate correction of errors or procedures, if

need be; and,

close supervision.

Verification of enumerators work should include checks on:

households not covered;

households that are duplicated;

questions not answered;

contradictory answers;

inadequate information; and,

unreasonable answers.

Verification should be based on acceptance sampling. It is

important that, for the purpose of achieving the desired high

level of data quality, census organizers should:

select enumerators who have an aptitude of doing the

job, reasonable experience and adequate academic

background;

quickly arrange for re-training individuals performing

below the expectations;

identify the poorly performed work-lots and either

correct or re-do them; and

select motivated supervisors who will continually

monitor the work of the clerks.
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Post-Enumeration activities

The main objectives of post-enumeration quality control

programme is to detect errors coining from the field and correct

them and minimize errors arising from the many clerical

activities at the office. The errors arise from:

manual editing;

- coding;

data entry;

data processing; and

preparation of the report.

Since the activities are basically human related, they are

effectively verified by use of acceptance sampling procedures.

Manual Editing

checking should involve independent verification;

acceptance sampling plan should be used.

Depending on the error rate, immediately:

reassign the clerk;

retrain the clerk;

remove the clerk;

change the set quality standard;

let the enumerator continue with work; and,

re-schedule another review.

Manual coding

If the whole questionnaire is to be coded, specialization in

coding will yield better quality data. However, except for

occupation and industry, most population census questionnaires

are totally coded. It therefore becomes unnecessary to
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specialize. It is recommended that checking for coding should

involve independent verification, and acceptance sampling used in

selection of work-lots.

Data entry

The exercise is quite involving and very vulnerable to

introduction of errors. Verification should therefore be taken

seriously and in particular, independent verification should be

used with acceptance sampling as the most ideal work-lot

selection plan.

Data Processing (computer Hardware)

To ensure that the computer hardware are not defective, it

is necessary to test, before use, by the manufacturers test -

cards.

Data Processing (Software)

For softwares, especially those developed in the office,

programmers should ensure that:

the programme is consistent with the subject

requirements and specifications (design review);

specifications are adequately explained (documentation

review);

adequately tested, to ensure that it will work as

desired;

it contains error reporting, to ensure that all known

errors are documented and corrective action taken.
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Other computer related quality control plans

print - ready report - ensures that potential errors,

introduced by typists, are eliminated;

control tapes - ensures that loss of data is minimal,

by magnetically inscribing a unique identification

number on each tape.

A computer as quality control tool

With appropriate software, a computer can undertake

consistency checks and errors printed, cumulated, averaged and

expressed as ratios.

Report writing

After production of tables, subject-matter specialists can

further check for errors. The exercise can easily be undertaken

by mechanically preparing the following tallies:

ratio of males to females;

ratio of persons of all ages to persons 12 years and

older;

proportion of children of school going age;

proportion of persons 65 years plus etc.

The exercise should to be based on selected known values.

At the report printing stage, acceptance sampling method can be

used to verify the following activities:

inking,

binding,

sequence of pages,

uniformity of margins.


