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Why do we collect data?

I

Managing complexity in the digital age requires many skills.

I

Effective decision making may be crucial.

I

To this end, data - potential sources of information - may be essential as
well as the process to convert them into information.

I

Information on characteristics of populations is constantly needed by
politicians, marketing departments of companies, public officials
responsible for planning health and social services, and others.
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Statistics is a tool for converting data into information:

Information

Statistics

Data
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In an increasingly data-driven and information-rich world, statistics is ever
more critical in formulating scientific problems in quantitative terms, accounting for and communicating uncertainty, analyzing and learning from data, transforming numbers into knowledge and policy, and navigating the challenges for
making data-driven decisions.

- X. Lin, et al., 2014 In the Past, Present and Future of statistical Science
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Data collection

I

Where do the data come from?

I

How were data collected?

I

How do we ensure the data are accurate?

I

Are the data reliable?

I

Are the data representative of the population from which they were
drawn?
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We live in era of unprecedent volume, volume and access to data
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Despite this data deluge, there are glaring data gaps.

For example, in low-income countries more than 70% of births almost 20
million children annually are not registered. Without proper records, people
cannot easily access services such as health and education and governments
cannot plan effectively for a rapidly growing population.
- https://datarevolution.paris21.org/the-project
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When statistics are not based on strictly accurate calculations, they mislead
instead of guide. The mind easily lets itself be taken in by the false appearance
of exactitude which statistics retain in their mistakes, and confidently adopts
errors clothed in the form of mathematical truth.

- Alexis de Tocqueville, Democracy in America
I

Production of high quality statistics depends on the assessment of data
quality.

I

Entering erroneous or biased data carries risks - the results will be
misleading and the decision-making process will be compromised

I

Data quality is far more important than data quantity
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Quality and quantity of data in the age of coronavirus
Coronavirus has caused a data deluge. Everywhere we look, statistics abound, among
them counts of confirmed cases, number of jobs lost, the declining price of oil, and the
vast sums governments are spending to preserve their economies...
...But how many are the infected people in the world? and in each country?
...we don’t know... All we know is the infection status of those who have been tested.
All those who have a lab-confirmed infection are counted as confirmed cases. ....
... the number of confirmed cases is almost certainly biased to be an underestimate.
With a lack of testing in many countries, and many asymptomatic cases, we know there
are probably many more cases than have been reported, perhaps millions more.
...That doesn’t mean confirmed cases statistics are totally useless. It just means they
should be used with caution.

I

https://qz.com/1840359/three-reasons-data-is-so-hard-to-interpret-in-the-age-ofcoronavirus/

I

https://www.datanami.com/2020/04/27/how-the-lack-of-good-data-is-hamperingthe-covid-19-response/
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What is “quality”?

I

ISO standard 9000:2005 defines quality as the “degree to which a set of
inherent characteristics fulfils requirements”.

I

Under this definition, the quality of statistical data can be determined by
the extent to which they meet user needs.

I

This definition is a relative one, allowing for various perspectives on what
constitutes quality, depending on the intended uses of the outputs.

I

Quality measurement for statistical outputs is concerned with providing
the user with sufficient information to judge whether or not the data are
of sufficient quality for their intended use(s).
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Quality dimensions

In the European Statistical System (ESS), six data quality dimensions have
been defined that directly measure a particular aspect of quality.
I

Relevance

I

Accuracy

I

Timeliness and Punctuality

I

Accessibility and Clarity

I

Comparability

I

Coherence

In order to enable users to judge for themselves whether outputs meet their
needs, it is recommended that output providers report quality in terms of
these dimensions.

11 / 83

Relevance

Relevance (or reliability) reflects he degree to which statistics meet the needs
of current and potential users.
To evaluate it , we can try to answer to the following questions:
I

Do the results respond to the goals of the project and the analytical
needs of the community?

I

Were there any operational steps or constraints which meant that certain
populations may not have been included or certain questions could not
be asked?
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Accuracy

I

The closeness between an estimated result and the (unknown) true
value.

I

It is affected by different source of error ...

I

Common sources of error include coverage, non-response,
measurement and processing.

I

For estimates derived from sample survey data, an additional error
source is sampling error, which reflects the fact that the estimates are
computed from samples, rather than the entire population.
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Evaluation of different sources of error

I

A definitive assessment of accuracy and reliability is impeded by the fact
that an estimate needs to be compared with a true value that we don’t
know.

I

Consequently the comparison cannot be expressed quantitatively.

I

Much evaluation of accuracy and reliability is qualitative, described by
the steps taken to mitigate sources of error.

I

For example, in the case of accuracy it is almost impossible to measure
non-response bias as the characteristics of those who do not respond
can be difficult to ascertain. In this instance, response rates are a
suitable quality indicator that may be used to give an insight into the
possible extent of non-response bias.
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Timeliness and Punctuality

I

Timeliness refers to the length of time between data being made
available and the event or phenomenon they describe

I

Punctuality refers to the time lag between the release date of data and
the target date when they should have been released.
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Accessibility and Clarity

I

Accessibility is the ease with which users are able to access the data. It
also relates to the format(s) in which the data are available and the
availability of supporting information.

I

Clarity refers to the quality and sufficiency of the metadata, illustrations
and accompanying advice.
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Comparability

Comparability should be addressed in terms of comparability over:
I

time;

I

spatial domains (e.g. sub-national, national, international);

I

domain or sub-population (e.g. industrial sector, household type).
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Coherence

The degree to which data that are derived from different sources or methods,
but which refer to the same phenomenon, are similar.
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Before discussing how the assessment of data quality can be extended to
new and emerging data sources, let’s examine the traditional sources of
statistical data.
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Typical data sources

I

Censuses (total suveys): Data obtained from every unit in the target
population.

I

Sample surveys: Data obtained from samples of units in the target
population.

I

Administrative records: Data obtained for admin purposes, but later used
for statistical purposes.
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Some definition?

I

A survey is a powerful instrument to collect information about a
well-defined population (a set of “elements” or “units” of analysis).

I

This population need not necessarily consist of persons. For example,
the elements of the population can be households, farms, companies, or
schools.

I

An enumeration rule exists that unequivocally defines the elements
belonging to the population; at least theoretically each unit may be
identified and labelled.

I

One way to obtain information about a population is to collect data about
all its elements. Such an investigation is called a census or complete
enumeration.

I

A sample survey collect information on only a small part of the
population. This small part is called the sample.
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Census VS Sample Surveys
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What is sampling
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Requirement for a good sample
I

In the movie “Magic Town” the public opinion researcher played by
James Stewart discovered a town that had exactly the same
characteristics as the whole United States:
I
I
I
I

Grandview had exactly the same proportion of people who voted Republican,
the same proportion of people under the poverty line,
the same proportion of auto mechanics,
and so on, as the United States taken as a whole.

I

All that Stewart’s character had to do was to interview the people of
Grandview, and he would know what public opinion was in the United
States.

I

A perfect sample would be like Grandview: a “scaled-down” version of
the population, mirroring every characteristic of the whole population.

I

Of course, no such perfect sample can exist for complicated populations
(even if it did exist, we would not know it was a perfect sample without
measuring the whole population).

I

But a good sample will be representative in the sense that
characteristics of interest in the population can be estimated from the
sample with a known degree of accuracy.
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Representativeness

I

In the literature, there are many different interpretation of the
“representativeness” concept.

I

... one is to interpret “representativeness” as the possibility of obtaining,
from the sample, results that tell us more or less what we would have
found by measuring the whole population from which the sample has
been selected.

I

Of course this possibility implies the absence in the sampling process of
unknown selective forces for whose some groups in the population are
over or under represented, and these groups behave differently with
respect to the survey variables.

I

Although this definition is appealing, the validity of it can never be tested
in practice since results for the whole population are unknown.
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Representativeness

I

There are various ways of selecting a sample, but only with probability
sampling it is possible to know how representative the sample results
are likely to be.

I

A weaker definition of the representativeness concept that can be tested
in practise, whatever is the selection process of those who ultimately
supply the target data, is that of “representativeness with respect to a set
of auxiliary variables 1 ”.

I

A representative sample with respect to one or more auxiliary variables
is a sample in which the distribution of these variables is the same as in
the population from which the sample is selected.

1
Auxiliary variable is any variable about which information is available prior to data collection and
this information is known for all units of the population
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Two ingredients for selecting a sample in a “scientifically justified way"

How to draw a sample from a population? How to select a number of people
that can be considered representative? There are many examples of doing
this wrongly:
I

I

In a survey on local radio listening behavior among inhabitants of a town, people
were approached in the local shopping center at Saturday afternoon. There were
many people there at that time, so a lot of questionnaire forms were filled. It
turned out that no one listened to the sports program broadcasted on Saturday
afternoon.
To carry out a survey on reading a free distributed magazine, a questionnaire was
included in the magazine. It turned out that all respondents at least browsed
through the magazine.

It is clear that, in these examples, the survey results would be severely
biased 2 .
To select a sample in a “scientifically justified way", two ingredients are
required: a probability sampling design and a sampling frame

2
Statistical bias is the idea that a statistic may be an overestimate or underestimate due to one
group being disproportionately likely to be part of a study
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Sampling frame

The frame or sampling frame is any material or device to obtain observational
access to the finite population of interest. It should be possible with the frame
to:
I

identify and select a sample in a way that respects a given probability
sampling design;

I

establish contact with select elements.

The frame may also include auxiliary information that can be used for:
I
I

special sampling techniques, such as stratification and probability
proportional-to-size sample selection, and/or
special estimation techniques, such as ratio or regression estimation.

When estimation is required for domains, the frame should specify the
domain to which each unit belong.
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Relation between frame and target population

Desirable properties of the frame involve the relationship between the units in
the frame and the target population elements:
I

Every element in the population of interest is present in the frame.

I

No element not in the target population is present in the frame.

I

Every element in the population of interest is present only once in the
frame.

The last two features will simplify many selection and estimation procedures.
The first property is particularly important, because in its absence frame does
not give access to the whole population of interest. Then not even
observation of all units in the frame will make it possible to calculate the true
value of a finite population parameter of interest.
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Relation between frame and target population
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Probability sampling

I

In a probability sample, each unit in the population has a known
non-zero probability of selection

I

a randomization mechanism is used to choose the specific units to be
included in the sample.
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Probability sampling

I

To show how probability sampling works, we need to be able to list the N
units in the finite population.

I

The finite population, or universe, of N units is denoted by the index set
U = {1, 2, ..., N}

I

Out of this population we can choose various samples, which are
subsets of U.

I

In probability sampling, each possible sample s from the population has
a known probability P(s) of being chosen, and the probabilities of the
possible samples sum to 1.
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Probability sampling example

Suppose the population has four units:
U = {1, 2, 3, 4}
.
Six different samples of size 2 could be chosen from this population:
s1 = {1, 2}, s2 = {1, 3}, s3 = {1, 4}, s4 = {2, 3}, s5 = {2, 4}, s6 = {3, 4}.
One possible sample design for a probability sample of size 2 would have:
P(s1 ) = 1/3, P(s2 ) = 1/6, P(s3 ) = P(s4 ) = P(s5 ) = 0 and P(s6 ) = 1/2.
Given the sampling design it is possible to calculate for each unit i in the
population the selection probability, by summing the probabilities of all
possible samples that contain unit i.
We have π1 = 1/2, π2 = 1/3, π3 = 2/3, π4 = 1/2.
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Probability sampling example (notes)
I

Of course, we never write all possible samples down and calculate the
probability with which we would choose every possible samplethis would
take far too long.

I

But enumeration underlies all of probability sampling.

I

Investigators using a probability sample have much less discretion about
which units are included in the sample, so using probability samples
helps us avoid some of the selection biases.

I

In a probability sample, the interviewer cannot choose to substitute a
friendly looking person for the grumpy person selected to be in the
sample by the random selection method.

I

A forester taking a probability sample of trees cannot simply measure
the trees near the road but must measure the trees designated for
inclusion in the sample.

I

Taking a probability sample is much harder than taking a convenience
sample, but a probability sampling procedure guarantees that each unit
in the population could appear in the sample and provides information
that can be used to assess the precision of statistics calculated from the
sample 3 .

3
In contrast to accuracy, precision expresses how close the estimates are to their average value,
rather than to the true value
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Properties of probability sampling

I

In probability sampling, because every element has a known chance of
being selected, unbiased estimates of population parameters that are
linear functions of the observations (e.g., population means, totals, and
proportions) can be constructed from the sample data.

I

Also, the standard errors of these estimates can be estimated.
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Finite population Inference

I

In the basic sampling view, the population is a finite set of units,

I

each with a fixed value of the variable of interest

I

if yi denotes a characteristic associated with the i-th unit in the
population - yi is a fixed quantity ,

I

for example if a company is included in the sample, then the number of
its employees is known exactly,

I

probability enters only through the sampling design,

I

estimators for characteristics of interested and their variance are derived
under the concept of repeatedly drawing samples from a finite
population according to the same sampling design.
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Example

I

lets look at an artificial situation in which we know the value of yi for each
of the N = 4 units of the whole population U = {1, 2, 3, 4}; they are
y1 = 4, y2 = 5, y3 = 4, y4 = 7.

I

Assume the sampling design that assign to all the 6 possible sample of
size 2, s1 = {1, 2}, s2 = {1, 3}, s3 = {1, 4}, s4 = {2, 3}, s5 = {2, 4},
s6 = {3, 4} the same probability P(s) = 1/6.

I

Suppose
we want to use a sample to estimate the population mean
P

Y =

4
i=1 yi

4

= 5.

P

I

y

i
A possible estimator is the sample mean y = i∈s
(For example if the
2
selected sample is s1 , then y (s1 ) = (4 + 5)/2 = 4.5 )
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Example
I

The expected value of y , is the mean of the sampling distribution of y :
X
4
E[y ] =
y (s)P(s)
s

I

The estimation bias of the estimator y is
Bias[y ] = E[y ] − Y
If Bias[y ] = 0 we say that the estimator y is unbiased for Y .

I

in the example
E[y ] = 4.5 ·

1
1
1
1
1
1
+ 4 · + 5.5 · + 4.5 · + 6 · + 5.5 · = 5
6
6
6
6
6
6

Thus, the estimator is unbiased.
I

The variance of the sampling distribution of y is
X
V (y ) = E(y − E(y ))2 =
(y (s) − E(y ))2 P(s)
s

I

in the example V (y ) = (4.5 − 5)2 ·

4P

s

1
6

+ ... + (5.5 − 5)2 ·

1
6

= 0.5

denotes the sum over all possible sample s
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MSE

Because we sometimes use biased estimators, we often use the mean
squared error (MSE) rather than variance to measure the accuracy of an
estimator.
let θ̂ an estimator of the parameter θ,theen:
MSE[θ̂] = E[(θ̂ − θ)2 ]
= E[(θ̂ − E[θ̂] + E[θ̂] − θ)2 ]
= E[(θ̂ − E[θ̂])2 ] + (E[θ̂] − θ)2 + 2E[(θ̂ − E[θ̂])(E[θ̂] − θ)]
= V (θ̂) + Bias(θ̂2
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Unbiased, precise, and accurate archers.
Archer A is unbiased-the average position of all arrows is at the bulls-eye.
Archer B is precise5 but not unbiased-all arrows are close together but
systematically away from the bull’s-eye. Archer C is accurate-all arrows are
close together and near the center of the target.

5
The variance is a measure of precision. Other measures of precision, such as coefficients of
variation and confidence intervals, can be derived from the variance.
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Survey design

I

The survey design starts by specifying the survey objectives.

I

These objectives may initially be vague and formulated in terms of
abstract concepts. They often take the form of obtaining the answer to a
general question.
Examples are

I

I
I
I

Do people feel safe on the streets?
Has the employment situation changed in the country?
Make people more and different use of the Internet?

I

Such general questions have to be translated into a more concrete
survey instrument.

I

The planning of a survey (the definition of the different aspects of a
survey, the several choices to made.... ) should be a collaborative effort
involving input from the statistician who will design the survey, the
persons involved in executing the survey, and those who will use the
data from the survey.
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Planning a survey
Some important aspects of survey planning are as follows:
I

Specifying the objective of the survey.

I

Translation of the subject-matter problem into a survey problem.

I

Specification of target population, known auxiliary variables, target variables,
population parameters to be estimated.

I

Construction of sample frame, if none is available.

I

Inventory of resources available in terms of budget, staff, data processing.

I

Specification of requirements to be met, for example time schedule ad accuracy
of estimates.

I

Specification of data collection method, including questionnaire construction.

I

Specification of sampling design and sample size determination.

I

Specification of data processing methods, including edit and imputation.

I

Specification of formulas for point estimator and measures of precision.

I

Training of personnel, organization of field work and allocation of resources to
different survey operations.
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Survey operations

After the planning stage, the effective survey operations begin.
The survey operation affect the quality of survey estimates.
It is possible to distinguish different phases of survey operations; a possibility
is to consider the following 5 phases:
I

Sample selection.

I

Data collection.

I

Data processing.

I

Estimation and analysis.

I

Dissemination of results and postsurvey evaluation.

Source of errors may be associated to each phase.
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Errors in survey estimates
Error = Estimate - True Value
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Errors in survey estimates
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Sampling error and non sampling errors

Errors in survey estimates are traditionally divided into two major categories:
sampling error, and non-sampling error.
The sampling error is the error caused by observing a sample instead of the
whole population. It is caused by calculating the estimate from data for a
subset of the population only. It is subject to sample-to-sample variation.
There is no sampling error in a census.
The non-sampling errors include all other errors.
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Differences between sampling and non sampling errors

There are important differences between sampling and non sampling errors:
I

If a probabilistic design is used in selecting the sample the extent of
sampling error may be estimated. The extent of non sampling error is
much difficult to estimate, its estimation requires information external to
the survey and or model assumptions. Non-sampling errors are often left
unestimated or unknowledged in reports of surveys.

I

Sampling error can be made small by the choice of a sufficient large and
well-deployed sample. On the other hand, the only way to control the
non-sampling errors is to exercise great care in the planning and
execution of the survey.
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Non-response

Non-response is the failure to obtain complete measurements on the eligible
survey sample
I

Unit Non-response
A sample unit does not provide any of the data required by the survey.
Reasons:
I
I
I
I
I

Failure to locate or identify the sample unit
Failure to make contact the s.u.
Refusal of the sample unit to participate
Inability of the sample unit to participate - Inability to communicate
Accidental loss of the data
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Non-response

Non-response is the failure to obtain complete measurements on the eligible
survey sample
I

Item Non-response
A sample unit participate in the survey but data for some survey items
are not available for the analysis. Reasons:
I
I
I
I

Refusal to provide an answer
Inability to provide an answer
Other failure to provide an answer
Inadequate quality of provided answer (incomplete, implausible, etc.)
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Non-response bias

Suppose to be interest to estimate the mean of a study variable. Assume that
a simple random sampling has been selected s has been selected, but due to
non-response data have been observed only on a subset r of s
Non-response bias of the mean estimator calculated on the respondents
depends on the non-response rate and on the difference between the mean
of respondents and the mean of non respondents.
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non-response
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Simple random sampling

I

A simple random sample(SRS) is closest to what comes into the mind of
many people when they think about random sampling.

I

It is similar to a lottery.

I

It is also one of the simplest ways to select a random sample.

I

Simple random sampling provides a natural starting point for a
discussion of probability sampling methods, not because it is widely
used (it is not) but because it is the simplest method and it underlies
many of the more complex methods.
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Simple random sampling
I

A simple way to introduce the simple random sampling design is through
the example of an urn containing a population of balls (each associated
to an element of a population of individuals, households, active
companies, stores, hospitals, ....).

I

A sequence of random draws of i = 1, ..., n balls from the N balls in the
urn is made.

I

If a drawn ball was returned to the urn before the next draw was made,
the sampling was “with replacement”.

I

If a selected ball was not returned to the urn until all n random selections
were completed, the sampling was “without replacement”.

I

... sampling the same unit twice provides no additional information,
therefore we usually prefer to sample without replacement, so that the
sample contains no duplicates - and usually when it is not explicitly
declare we refer to the design without replacement

I

Obviously, in survey practice random sampling is not typically performed
by drawing balls from an urn. Computerized random number generators
are commonly used to select sample elements from the population.
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Simple random sampling

I

I

I

In an SRS, each subset of the population of size n has the same
probability of being chosen as the sample.


N
There are
possible samples and each is equally likely, so the
n


N
probability of selecting a sample s of n units is P(s) = 1
n
The probability that unit i of the population appears in the sample is
πi = n/N
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Simple random sampling
I

Let’s assume that the objective of the sample design was to estimate the
mean of a characteristic, y , in the population:
Y =

N
1 X
yi
N
i=1

I

Under simple random sampling, an unbiased estimate of the population
mean is the sample mean:
1X
y=
yi
n

I

The important point to note here is that there is a true population
parameter of interest, Y , and the estimate of the parameter, y , which
can be derived from the sample data.

I

The sample mean y is an unbiased estimator

I

its sampling variability is:

i∈s

V (y ) =
where S 2 =

PN

i=1 (yi −Y )

S2 
n
1−
n
N

2

N−1
55 / 83

finite population correction
The variance of sample mean in SRS is:
n
S2 
V (y ) =
1−
n
N
I
I

The factor (1 − n/N) is called the finite population correction (fpc).
Intuitively, we make this correction because with small populations the
greater our sampling fraction n/N, the more information we have about
the population and thus the smaller the variance.

I

If N = 10 and we sample all 10 observations, we would expect the
variance of y to be 0 (which it is). If N =10, there is only one possible
sample s of size 10 without replacement that coincide with the
population, hence y = Y .

I

When the sampling fraction n/N is large in an SRS without replacement,
the sample is closer to a census, which has no sampling variability.

I

For most samples that are taken from extremely large populations, the
fpc is approximately 1.

I

For large populations it is the size of the sample taken, not the
percentage of the population sampled, that determines the precision of
the estimator
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Finite population correction

I

The population variance S 2 , which depends on the values for the entire
population, is in general unknown.

I

We estimate
it by the sample variance:
P
ŝ2 =

I

i∈s (yi −y )

2

n−1

An unbiased estimator of the variance of y is

n  ŝ2
V̂ (y ) = 1 −
N n
.
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other measures of precision of y

The estimated standard error (SE) of sample mean is
r

n  ŝ2
SE(y ) =
1−
N n
In statistics, confidence intervals (CIs) are also used to indicate the precision
of an estimate.
A large-sample 100(1 − α)% CI for the population mean is
#
"
r
r
n  ŝ
n  ŝ
√ , y − zα/2
√
y − zα/2
1−
1−
N
N
n
n
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Sample size

I

A decision to be made in the survey design phase is the size of the
sample to be selected.

I

It is not so simple to determine the sample size, since it depends on a
number of different factors.

I

There is a relationship between precision of estimators and the sample
size: the larger the sample is, the more precise the estimators will be.

I

Therefore, the question about the sample size can only be answered if it
is clear how precise the estimators must be. Once the precision has
been specified, the sample size can be computed.

I

A very high precision nearly always requires a large sample.

I

However, a large survey will also be costly and time consuming ... on the
other hand if the sample is too small, the required precision will not be
achieved, making the survey results less useful.

I

Therefore, the sample size will in practical situations always be a
compromise between costs and precision.
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Clustering and Stratification

I

Survey data collections are rarely based on simple random samples.

I

Instead, sample designs for large survey programs often feature
stratification, clustering, and disproportionate sampling.

I

Survey organizations use these “complex” design features to optimize
the variance/ cost ratio of the final design or to meet precision targets for
subpopulations of the survey population.
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Stratified random sampling

I

Often, we have supplementary information that can help us design our
sample.

I

For example, we would know before undertaking an income survey that
men generally earn more than women, that Florence residents pay more
for housing than residents Montecatini.

I

If the variable we are interested in takes on different mean values in
different subpopulations, we may be able to obtain more precise
estimates of population quantities by taking a stratified random sample.
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Stratified sampling

I

The essence of stratification is the classification of the population into
subpopulations, or strata, based on some supplementary information,
and then the selection of separate samples from each of the strata.

I

The benefits of stratification derive from the fact that the sample sizes in
the strata are controlled by the sampler, rather than being randomly
determined by the sampling process.

I

Stratified sampling is a powerful and flexible method that is widely used
in practice.
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Stratified sampling
A few of the reasons why it is so popular:
I

If estimates of specified precision are wanted for specified
subpopulations (domains of study). Each domain of study can be treated
as a separate stratum if domain membership is specified in the frame.
An adequate probability sample can then be selected from each stratum.

I

In a survey, practical aspects related to response, measurement and
auxiliary information may differ greatly from one subpopulation to
another. In these cases may be opportune to chose the sampling design
and estimator differently in different subpopulations to increase the
efficiency of the estimation. One may thus want to treat each
subpopulation as a separate stratum.

I

For administrative reasons, the survey organization may have divided its
total territory into several geographic areas with a field separate
organization and therefore may be natural to treat each area as a
stratum.

I

“Well-constructed" strata may produce gains in efficiency
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Stratified random sampling
I

The population is first divided into nonoverlapping subpopulations called
strata.

I

Next, a sample is selected in each stratum.
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Stratified random sampling

I

Researchers are free to choose the sampling design for each stratum,
as long as it provides an unbiased estimate of the value of the
population parameter in each stratum.

I

Finally, the estimates for all strata are combined into an estimate for
whole population.
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Cluster Sampling and Sampling in Two or More Stages

In both simple random sampling and stratified sampling, we have assumed
that direct element sampling is possible. However, in many medium to large
scale sample surveys, direct element sampling is not used for one or both the
following reasons:
I

There exists no sampling frame of population elements and the cost of
producing such a frame is prohibitive.

I

The population may be widely distributed geographically, and in such a
case direct element sampling will result in a widely scattered sample.
Hence the cost of the field survey work would be prohibitive because of
very high travel expenses if personal interviews are required. Also
efficient supervision of the field work might be difficult and this could
result in severe non-sampling errors...
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Example of cluster

I

In most of the populations surveyed, the elementary units are grouped
into subpopulations of various kinds.

I

Examples:
I

I

I

The population present on the Italian territory is the sum of the
subpopulations present in the regional territories.
Within each region, the population is distributed in provinces and, within the
provinces, in municipalities.
The students of a university are classified in faculty, those of a school, in
classes, and so on.

I

These groups of units can be used as strata. Alternatively, they can be
used as sampling units and in this case they are called clusters

I

A cluster, like a stratum, is a grouping of the members of the population.
However, the selection process is completely different in the two
sampling methods..
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Cluster Sampling

From the frame a probability sample of clusters is drawn and every population
element in the selected clusters is observed (enclosed in the sample).
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Similarities and differences between stratified sampling and one-stage
cluster sampling
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Similarities and differences between stratified sampling and one-stage
cluster sampling
I

Although strata and clusters are both groupings of elements, they serve
for completely different sampling purposes.

I

The strata must or should be homogeneous as each is represented in
the sample. In contrast, only some of the clusters are selected, and
these must also represent those excluded from the selection.

I

Therefore the ideal would be that all the clusters were as heterogeneous
as possible within them and, consequently, as similar as possible to each
other.

I

If, to make an extreme hypothesis, they were all the same, each would
be a small copy of the population and it would be enough to select one
just to get the same information that would be obtained from a complete
survey.

I

Unfortunately, the clusters are usually pre-existing aggregations in the
population, characterized by a certain internal homogeneity that is
generally more pronounced the smaller their size.

I

The homogeneity that in stratification is synonymous with the precision
of the estimators, in the cluster sampling normally produces a loss in
precision compared to the simple random selection.
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Justification for cluster sampling

The justification for cluster sampling lies in the practical and economic
aspects connected to it.
I

First, it is often impossible (economically or materially) to form a list of
study units, while a list of population clusters may be available.

I

Moreover, for a predetermined sample size, cluster sampling entails
costs that are generally much lower than those of simple random
sampling, mostly due to the lower dispersion of the sample units which
facilitates the organization and execution of the survey. (This applies to
surveys carried on by an interviewer while it has less or no relevance for
postal or telephone surveys)
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Two-stage sampling
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The increasing relevance of non probability sampling

I

In recent years data from non-probability samples are becoming more
widely used.

I

Several factors contributed to this propagation:
I

more and more surveys have moved online;

I

large amounts of data are available from self-reported administrative data
sets

I

large amounts of data are fast and easily collected via social-media;

I

the cost for probability surveys is steadily raising and far higher than that for
non-probability surveys;

I

response rates in probability surveys continue to decline in all modes of
adminstration.
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Non-probability sampling

I

Unlike to the probability sampling the chance to be selected is unknown
in non probability sampling as well as the random selection is absent.

I

Subjects in a non-probability sample are usually selected on the basis of
their accessibility or by the purposive personal judgment of the
researcher.

I

Also, no assurance is given that each item has a chance of being
included.

I

all this makes it impossible either to estimate sampling variability or to
identify possible bias.
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What is a non probability sample?

I

What is a non probability sample is not univocal defined. Non-probability
sampling is a collection of methods very different from each other and
with in common only the fact that the participants are chosen or choose
themselves so that the chance of being selected is not known.

I

...the unknown selection/self-selection process raises concerns about
the potential for biased results.

I

The selection bias, that refers to the systematic differences betweens
statistical estimate and the population parameter, brings the need of
measures/indicators to assess the risk of bias and to identify, if possible,
any adjustment method.
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Non-Probability sample and Non-response

The composition of the sample can vary greatly from that of the surveyed
population in each of the following two cases:
I

in presence of a non-probability sample

I

when a probability sample is initially selected but then non-response
occurs In both cases who ultimately participate to the survey is
determined by an unknown self selection process.

For this reason many indicators suggested in literature as indirect measures
of non-response bias and many statistical adjustment procedures typically
used to adjust for non-response bias can be adopted for selection bias in
non-probability samples.
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Non-Probability sample and Non-response

I

... The extension of non-response bias indicators and adjustment
procedures, sometimes my be not straightforward since unlike the
non-response set, what is a non probability sample is not univocal
defined.

I

Moreover while non respondents in probability surveys are usually
identifiable in the population; this does not happen for some
non-probability sampling methodologies.

I

Therefore the possibility to use the indicators of non-response bias
existing in literature to assess self-selection bias due to non probability
sampling depends on the type of non probability sampling: sometimes
some methods may be usable and others no, sometimes their use may
require some adjustments/ad hoc adaptations.
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New and emerging data sources

A specific feature of the new and emerging data source regards their big size.

“Big Data are data sources that can be generally described as: high volume,
velocity and variety of data that demand cost-effective, innovative forms of
processing for enhanced insight and decision making.”
- Alexis de Tocqueville, Democracy in America
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Which one should we trust more, a 5% survey sample or an 80%
administrative data-set?
The qualitative answer clearly is “it depends”, on how non-random the larger
sample is.
A small departure from being random should not overwhelm the large gain in
sample size.
But how small must it be? And indeed how to quantify “better” or being
“non-random”? ....moreover the quality of the probabilistic survey itself may
be degraded by the non-response mechanism.
Therefore a key question is how to compare two data-sets with different
quantities and different qualities? (X. L. MENG,2018)
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Meng(2018) shows that for any sample of size n the difference between the
sample mean y and the population mean Y is the product of three terms:
I

I

I

a data quality measure, ρy ,δ , the correlation between the study variable
yi and the response/recording indicator δi ;
p
a data a data quantity measure, (N − n)/n, where N is the population
size; and
a problem difficulty measure, Sy , the standard deviation of Y.
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I

Intuitively, in the absence of any selection bias, such as under a genuine
probabilistic sampling, the chance that a particular value of Y is
recorded/reported or not should not depend on the value itself.
Consequently, ρy ,δ should be zero on average ...and this allows to
eliminate the effect of N - then the driving force behind the estimation
error is only n

I

When ρy ,δ is not controlled (in non-probabilistic sample) the impact of N
is no longer cancelled and therefore it is important the relative size,
f = n/N, of the sample rather than the absolute size n
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Meng
(2018) shows that the exact error of the sample mean (y − Y ) is about
√
Nρδ,Y times the standard error
√ of the sample mean under the SRS of equal
size (that for large N is ≈ S/ n) .
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I

Data quality is far more important than data quantity

I

Probabilistic sampling is extremely powerful to ensure quality but is not
the only strategy

I

Without quality big (rather huge) fraction, not merely big size, is needed.
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