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Abstract

Web-based and Internet surveys offer a much interesting potential. It is a wide spread
belief that this data collecting tool makes it easy and cost effective to contact
respondents. These guidelines do not cover web-based survey costs analysis. However,
even if the costs of producing questionnaires, lists, etc. are an important component,
marginal costs to reach a high number of respondents, even with a high level of
dispersion in a territory, are very low, and could be even zero cost.

The target of these guidelines is to highlight the main problems and the points which
should be focused on by the researcher when he decides to conduct a web-based survey.

In the first part of this paper some important themes linked to web sampling are
discussed. The second part deals with the theme of inference using the same type of
survey.

The first and second chapters briefly illustrate the main concepts related to sample
surveys and sampling methodologies. Sampling techniques applicable to web
researches are similar to those used in traditional surveys. Even in this case, therefore,
it is important to divide the sampling methods into two different categories: probability
and non-probability sampling.

Even if the classification is similar to the traditional one, there are, however, some

important considerations (o be made regarding specifically the use of sampling for
web-based surveys.

The first important aspect concerns the availability of sample frames (Chap. 4): it is not
always possible to obtain appropriate lists and, even if they are available, they are not
always suitably drawn up, up-to-date or applicable for the research. In Par. 4.1 the
main sources used for drawing up sampling frames are analyzed, pinpointing the
problems that each of these involves. In Par. 4.2 a possible classification of sources is

produced taking into consideration the probability or non-probability connotations of
the samples which can be selected.

Even in the case when the sampling frame is suitably made up, some fundamental
themes typical of the sampling for web-based surveys must not be ignored. Firstly,
people who have access the Internet are characterized by particular and specific social-
demographical and economic descriptions. Therefore, the application of a population to
a web-based survey and the choice of an appropriate sampling technique cannot be
carried out before one has adequate information on people who have or don’t have
access the Internet. Secondly, even if you restrict the analysis to certain arguments or to
a particular population, potential problems connected with the presence of professional
respondents together with the honesty of the answers must also be taken into careful
consideration.

The second part of this paper deals with problems regarding inference in web based
surveys.

Estimation theory provides both the statistical criteria for the transfer of sample data to
population parameters (the so-called inference problem) as well as for the measurement
of the level of estimate reliability. However, this is only valid if the sample selection is
carried out on a random basis. The theory has been developed with reference to
traditional data collection tools.
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Regarding web based surveys, studies on inference problems are in progress and no
final results are identified.

Nevertheless some observations can be made and some basic comments given. Above
all it should be pointed out that estimation theory to make inference on web collected
data is applicable in principle. The problem is that it is not always possible or easy to
provide probabilistic samples, above all due to the difficulty in identifying a population
frame suitable and similar to population (Pineau & Slotwiner, 2003).

From the point of view of inference, solutions to resolve situations where the sample is
not representative of the target population are still being studied. An operative solution
could be using a weighting system which takes into account different probabilities in the
extraction of persons from a population which could exclude certain categories from

being selected by using a specific sampling techniques (post stratified Horvitz and
Thompson estimator).

Another possible solution would be to use the weighted system based on the propensity
score, this is introduced with the aim of making it possible to apply inference principles

to observational data (i.e. taken from samples not from random selections) (Biffignandi
& Pratesi, 2005, Forsman, 2004).

Keywords

Sample, sampling techniques, probability sampling, non-probability sampling, sample
frame, inference, confidence intervals, statistical hypothesis testing, errors,
observational errors, non-observational errors, probabilistic selection, balancing score
methods, propensity score methods.
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Part I - Frames and Sampling

1 Introduction to Sampling

Data collection by surveys can use two different kind of approaches: one draws
information from all the universe of the statistical units (this is called census), the other
one considers only a part of all the statistical units (you do a partial observation, you
select a sample of the statistical units).

In the first case, the harvested information enables you to gain a complete view of the

target population, errors and inaccuracies depend on non correct coverage of the target
population, from missing data, and so on.

In the second situation, the observed information is partial and the real population (the
target population) value is unknown. However, depending on the statistical technique
used for selecting statistical units of the sample the value of the target population can be
estimated. The statistical inference technique makes it possible to obtain estimates of
the value of the target population.

In the planning of a survey, the choice of a global or sampling collection of data is
extremely critical and is connected to different factors, e.g. costs of data collection,
timeliness, generalization of results, ... .

Sampling means it is possible to reduce costs of carrying out a survey (Chisnall, 1990);
in this way one can channel more funds into activities such as collecting data process
quality controlling. Sampling surveys also require shorter completion times (giving
more timely results. Moreover, In some cases it is necessary to use partial surveys: e.g.,
when it is not possible to contact all the statistical units, for instance when the
observation of the future object of study, implies the destruction of the observed units.
In Internet/Web survey the above-mentioned advantages hold too. In addition,
comparative lower costs are often hypothesized, too.

In the first part of these guidelines, we again recall the definitions of “sampling survey”,

“sample”, “sampling”.
In the second part we will examine the problem of the choice between the different way
of surveying (partial or global) with specific reference to web-surveys.

The fast and capillary diffusion of Internet worldwide offers many new opportunities
and new tools of surveying; furthermore it concentrates the researchers’ attention on
solutions to new problems and on new important topics to face. Despite all the
problems that exist now, web-based sampling surveys are considered a very versatile
and useful tool that in the future will become even more widely used. Internet will mean
searches can be optimized and, above all, the times of completion will be shortened
considerably, leading to lower costs of survey production.
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For a more exhaustive study of the web-based sampling survey, we propose a
systematic classification of the different kinds of survey, as well as the different types of
respondents that it is possible to involve in these and of the main tools which can be
used to contact elements of the target population in building up a sample.

With this purpose we have concentred our attention on the most important problems, as
apart from the choice between a probabilistic or a non-probabilistic approach, the non-
coverage of the lists, the presence of professional respondents and how representative
the sample is.

2 Some definitions

The statistical unit target of study composes the reference population (also called
“universe” or “target population”), i.e. all the subjects from which one wants to collect
information and which survey’s conclusions must been referred or extended to.

To evaluate how a phenomenon is presented in a target population, it must be observed
how it manifests itself on individual units.

Observing or collecting data can be extended to the entire population (census): usually
this happens when one wants to analyze very small groups of units or groups which are
difficult to find or contact, or when one wants to conduct a very detailed analysis (as
happens in censuses of the population).

In many cases, however, this is not necessary, appropriate or possible to collect data
from the statistical units that compose the target population. In these cases we cannot
carry out a census, but only collect information from a part of the statistical units
subject to the study only, i.e. a small group of those, called “sample”.

If the data collection is based on a sample, even the survey being managed is called a
“sampling survey”. In sampling surveys, therefore, one can observe information in a
standardized way, observing how the phenomenon that we want to study appears on the
target units that belong to a representative sample. The major task of a sampling survey
is to allow one to go back with sufficient approximation to the complex characteristics
of the phenomenon, included those that are relevant to non observed cases.

By “representative” we mean that the sample units are chosen to make that sample
represent the universe on a smaller scale, relative to some features of the phenomenon
being studied or to other characteristics. The more the features of the sample are equal
to that of the universe, the more the results of sampling survey can be considered
reliable estimations of the state of the phenomenon in the entire population.

With “sampling” we mean the way in which, from a set of target units (the target
population) we extract a reduced number of cases. These must be selected in such a way
that makes it possible to generalise the results obtained from the sample to the entire
population.

The first step for sampling is the sampling frame, i.e. the list with units that are eligible
for inclusion in the survey and that are approachable and contactable. Firstly it is
necessary to check that the list is suitable for the target population, and this can be done
by submitting the list itself only after careful consideration. This allows us to limit, as
much as possible, the influence of systematic error or error produced by eventual
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sample bias. It is helpful, in this situation, to establish inclusion and exclusion criteria
that allow us to decide whether a statistical unit can be inserted in the sampling frame.

There are different sampling techniques used to obtain samples of the universe. Later
we will indicate the main one classified in two different categories: probabilistic and
non-probabilistic.

With “sample size” we intend the number of statistical units that constitute the sample,
i.e. the number of selected units. For small populations, a sample may consist of
10/30% of the target population. In very large populations (150,000 people or more) the
sample can consist of about 1% of the total units. There are simple formulas that allow
the computation of sample size in connection with the sampling methodology chosen.

3 Sampling Methods

The choice of the methodology of sample selection depends, firstly, on the aims of the
survey, and the most appropriate way to carry it out depends on the survey context. The
method of selection should be chosen which best fits the situation.

The first classification of the sampling techniques can be made by distinguishing
between probability and non-probability sampling.

3.1 Probability Sampling

Probability sampling aims at obtaining a representative sample of the target population.
You can eliminate subjectivity in choosing the sample: there is a random selection of
units that will be in the sample.

Each unit of the target population has a known and different from zero probability to be
included in the sample. In the non probability sampling method, however, this
probability of inclusion is unknown.

Knowing the inclusion probability means estimates can be provided of the features of
the population from which sample has been selected respecting the maximum efficiency
compatible with the limit of costs prefixed and to evaluate precision degree of the
sample estimations. Probability sampling is used when you want to achieve conclusions
or forecasts valid for the entire population.

To select a sample, it is necessary to have a well compiled, complete list of all statistical
units of the universe. “Fither the definition of population, or the choice of units
(geographical units, social groups, foundations, households, housing, persons, facts,...)
constitute foundations of any extracting methods.

The main probability sampling techniques are:
¢ Simple Radom Sampling
e Stratified Sampling
s Systematical Sampling

e Cluster (or Area) Sampling

S. Biffignandi, D. Toninelli - “Sampling and Inference in Web Surveys”
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e Multistage Sampling
e Double Sampling
e Replicated Sampling

The choice of one rather than the other methodology depends on the context of research
in which one is involved, from the aims of the survey and from the target population
involved in the project.

3.2 Non-probability Sampling

In non-probability sampling there is no random selection of the statistical units that
should be involved in survey; the sample is made considering the target population
characteristics and the purposes of the survey. Thus, differently from probability
sampling, some members of the population can be chosen (or extracted), whereas others
cannot be selected. This means that single units do not have equal probability to be
selected: the probability that some of these will be chosen may be equal to zero.

In some cases, using a random selection of elements, results, in conclusion, are not
applicable to the target population. In these situations non-probability sampling methods
can be used to select representative units of the entire population.

Non-probability sampling is better than the probability one in these three cases:

1. When the survey regards groups which are difficult to identify (i.e. you do not
have a complete list of the elements of the universe). This happens, €.g., when
you want to research an illegal phenomenon (black economy), when it is
difficult to obtain the cooperation of respondents, in the case you’re dealing
with difficult or tough themes or when population units are untrustworthy (as
in survey regarding illegal immigrants, who fear expulsion). Unavailable units
can be substituted with other considered equivalents, because it is not
necessary to respect random principles of probability methods. This can
contribute, in many situations, to reduce research costs.

2. When the target is carrying out a survey regarding specific groups of people:
ethical reasons or reluctance in tackling all potential respondents favour these
methods instead of the probabilistic ones.

3.In pilot surveys: when the purpose is to collect experimental data on target
groups and when the data collected are not destined to be released, but to the
planning of a survey or of a research. Non-probability sampling considerably
reduces the costs of collecting data and research time.

The main non-probabilistic sampling methods are:
e Convenience sampling
e Snowball sampling
e Quota sampling
e Focus Group

e Judgement or purposive sampling
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e Systematical non-probability sampling
e Self-selection sampling

e Representative elements sampling

e Area barometer sampling

e Plausability sampling

Non-probability sampling methods do not allow (as probability ones) the creation of an
interval near the sample mean, in which it is possible to compute, with reasonable
confidence, the unknown value of the population. Furthermore there is a relevant risk of
systematic errors.

The various probability and non-probability sampling methods illustrated here can be
used in combined ways. From the combination of probability sampling methods it is
possible to obtain about 32 different other methods. (Malhorta 1999).

4 Web-based Surveys Sampling

In principle the traditional methods of probability and non-probability sample selection
are applicable to Internet and web surveys.

The target and the sampling frame, as well as the respondents selection, are in many
cases unique to the Internet and web. Mainly the difference between target and sampling
population and the difficult in identifying the sampling frame causes coverage
problems. In addition self-selection is specific to Internet and important from the
sampling technique viewpoint. In fact, in most cases it is difficult to draw a probabilistic
sample and in practice non probabilistic samples are used.

For these reasons it is important to classify the different approaches for the respondents
selection which are currently used in Internet and web surveys, before entering
sampling techniques.

4.1 The sampling frame

The “sampling frame” (also defined as “sampling list”) is the list of the units who
satisfies the criteria adopted in a survey for identifying the target population. The
sampling frame is, in the empirical analysis, considered a proxy of the target population.
Therefore a good target frame covers most part of the target (Malhorta 1999). From

sampling frame you can select the units that will be part of the sample target of
research.

One of the main problem in web-based surveys, moreover common with a lot of kind of
surveys, is the availability of a suitable sampling frame. Indeed only when the sampling

frame is a good representation of the target population a probabilistic approach can be
used and statistical inference’s principles can be applyed.
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In web-based surveys there are, essentially, two kinds of approaches often used who
bring to the building of partial, self-selected frames, that are not a good approximation
of the target population and can be considered non-probabilistic samples (this means
that a probabilistic sample can be extracted from them).

These approaches are:
e Internal approach: the respondents are detected on the web.

They are visitors of web sites or people registered (for a different reasons) in
mailing-lists.

In the Alvarez classification (2003), the internal approach is divided in two
different ways of respondents selecting that consider the kind of approach
used.

The first one is based on a way of contact called “Web Advertisements”: the
recruitment occurs through announces published on web sites or applied to
newsgroups. The announces want to encourage the participation to the survey.
This way of selection brings to non-probabilistic samples.

The second one is based on subscription or on co-registration procedures: to
people who are registered for a certain service is asked to provide a valid e-
mail address. Afterwards these units are involved in different kinds of web-
based surveys.

e External approach: the respondents are contacted through panel lists, paper
lists, or other kind of list. The approach is different from the internal one: the
respondents may be contacted through mail, bill posting, phone contact, and
so on. The potential respondents are asked to go in Internet to participate to
the survey. Internet, in this second approach, is a medium to collecting data
and not a way to involve the potential respondents.

There are different kind of sources of information that can be used to build the sampling
frame. Every kind of frame has advantages and disadvantages from viewpoint of
sampling and estimating. The main sources are the following.

Announcements: they are published on web-site pages (invitation tags), sent via
e-mail or through other ways of communications (like distribution of leaflets,
newspaper printing, bill posting, etc.); announcements present the survey, ask for the
participation and re-direct respondent directly on the web-page where the
questionnaire is; otherwise they provide a point of contact. In this way a ligt of e-
mail addresses can be built.

Invitations (banner, mail): you can use advertising banners published in web
pages. These banners can be viewed in every moment and by every visitors of the
page or only in prefixed times or by a fixed number of the visitors of the web-page.
The efficiency of banner is higher than the invitations tag’s one. Banners cap be
usually used in specific surveys: indeed they can be published in web-sites (or in
their pages) that have a well defined contents; in this way a well selected and
defined groups of people can detected.
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Ipertextual links: these links are published on the web-pages, in search engines
etc. Links send visitors of the page to the questionnaire and can be underlined wiﬂ;
graphic representations.

Pop-up surveys: questionnaire appears directly on the screen to the respondent.
The web surfing is detected: the surfer request a specific page and, if he’s selected
from a specific mechanism, the system provides to open, in front of the asked page,
a2 new window with the invitation to participate to the survey. A random sample of
the web-site visitors can be selected.

Hijack or Browsing Intercept Software: it is similar to the Pop-up approach,
but it is a much intrusive way to contact respondents. The reading of web-
documents and the web-surfing is detected from a specific software. A sample of
visitors, chosen with pre-defined criteria (like the Pop-up ones), is actively
intercepted and re-directed, instead of to the asked page, to a page that contains the
questionnaire Or purposes survey (Pfleiderer & Gente, 1998). In this page there
would be a “decline button”, that allows to switch off the page with questionnaire
and to go to the asked page.

Opinion Centre: some of the most relevant opinion centre are the AQOL
(America On Line) and the DMS (Digital Marketing Services), but there are a lot of
other opinion centre (www.opinionplace.com). Surfers (through, in example, the use
of banners) are invited to visit the “opinion place”, a web-site where each person can
give his availability to taking part in surveys. The visitor compiles a short
questionnaire to provide some important information. Once given the consent to be
involved, respondent, without knowing what is the survey topic, decides when ask to
the questionnaire. Usually to a respondent is proposed not more than one survey a
week.

Panel: respondents are recruited to participate to one ore more surveys or to a
longitudinal surveys. The contact can be made trough phone, e-mail, mail or in other
ways. Consensus is asked to be inserted in a group which, in the future, will be
involved in participating in a certain number of surveys. Thanks to some relevant
characteristics provided from the subject and to the stratification of the panel units it
is possible to build a profile of the different kind of people. These profiles are useful
to identify units that will be involved in the research. A particular way of
recruitment is called “phone invitation™: the units are contacted by phone and it is
necessary to verify that these would be respondent of the target population of panel.
After this how register on line must be explained to the subject and the URL that he
can use for the registration in panel list must be given him.

E-mail lists: these lists are in large databases made for different purposes. Here
there is the mean types of addresses lists:

e Lists of persons or enterprises that given consensus to be contacted again
usually requesting for some services. An example is the SSI (Surve;/
Sampling Inc.). The difference from panel list is that a subject don’t know to
be included in a e-mail list.

e List of units registered in administrative archives (in example, business
registers or social security databases). The administrative databases are build
up to collecting some basic information for = administrative purposes
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nevertheless other kinds of data, like e-mail address, are requested. The
information available in these lists can be often missing or not updated. In
some country the regulation about privacy don’t allow institutes that manage
an archive the diffusion of the information.

e List built with the e-mail addresses collected on the web-site pages (Harvested
addresses). The addresses may be registered automatically by a specific
software, or can be manually obtained by webmasters. In some cases national
public lists of e-mail addresses are available to be used in the future (Batagelj,
1999). In other cases there are, on web-site pages, registration forms that
allow to collect addresses and agree the use of certain services.

 List of customers registered by fidelity cards, subscriptions, and so on; usually
at the time of the registration some information like e-mail addresses and
others are asked. These information allow to process skills of the people who
provided their e-mail address.

e Private lists (directories of customers, of furnishers, of personnel’s member,
...). These lists are restricted, however, to the observation of definite and clear

groups.

o List of members of Internet groups: discussion groups (Witmer et al., 1999),
newsgroups, Usenet, discussion lists, Interest Groups,.... In these cases one
can use software like Listserv o ListBot.

Snowballing sample criterion. At times a method to grow up e-mail addresses
lists or lists of contacts is based on the snowballing sample criterion: people who are
already inserted in the list signalise other persons who are interested to be inserted
in. This approach is principally used in processing small population, when its
members are difficult to contact, but often they are in contact with themselves.

4.2 Probability and Non-probability Sampling in Web
surveys

As a consequence of the way of choosing respondents of web-based survey it is possible
(or suitable) use the probability rather than the non-probability approach.

To select a probability sample is necessary to have a list of addresses or a system of
contact with potential respondents (the access to a web-site, the visit to a specific web-
page, ...) that allows the random selection of respondents.

Using a classification by Couper (2000) it is possible to consider situations where
probabilistic rather than non-probabilistic methods are achievable used for recruiting
sample.

The probabilistic methods can be classified in four different categories.

1. Intercept surveys: surveys based on the interception of visitors of particular
web-sites. This category comprises Pop-up surveys or Hijack-based surveys.
The sample frame include all visitors of a web-site or all the readers of a web-
page. Among the visitors is selected a random sample. To this sample is asked to
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participate to the survey. The mechanism of selection of sample can vary from
case to case.

In Pop-up surveys, for example, visitors can be selected at fixed times or each p
visitors that entered in web-site (or in web-page), an so on. This method of
sample selection is frequently used and generally allows to achieve better results
than the ones obtained with the help of a fixed banner (Malhotra 1999).

The presence of cookies in personal computers used by respondents, besides,
provides for non contacting the same people twice. There are, anyway, a lot of
problems: some people erase often cookies and so the risk to contact them twice
is high (this is the case when one can use two or more PCs to access in Internet).
but there are, also, people who share the same machine; and so on. The Pop-up
approach is often used in survey that want to explain which kind of audience
visits certain web-sites or for controlled experiment finalized to test on-line
experiences.

In some situation you can use incentives. The debate on the use of an Incentive
is open; for instance Comley (2000) noticed that with this kind of collaboration
encouragements there is the risk to attract fraudulent respondents that, to be
contacted again, erase frequently cookies from their personal computers. The
percentage of collaboration to the Pop-up survey proposed can vary from 2 tq
15% (Fletcher Research); Virtual Surveys talk, in regard of its survey, of g
agreement rate of about 25%.

The Hijack criterions to select units are similar to the Pop-up ones and are
probabilistic. This kind of approach is not recommended: it is, in the opinion of
researchers, excessively intrusive and risk to grow up the respondents’ futyre
resistance in the context of other surveys. The results that this approach consent
to obtain are encouraging: in the UK, a BBC research about its audience reach a
response rate of about 80%. The success of the survey was explained with the
excellent relationship between the public broadcaster and its audience,

2. E-mail directories. There are a lot of different lists (as explained before), The
quality of surveys depends by the coverage of these lists. The better situation for
a probability survey is having a population characterized by an univergg]
diffusion of the Internet connections, a compete addresses list without
duplication and with one e-mail address for each unit. In the demOgraphic
populations and in the enterprises ones the degree of coverage of the list s 5
remarkable problem. It is very difficult to identify a list from which you can
select a sampling frame that is a good approximation of the population. The
problem is very critical and must be seriously tackled time to time. Less relevant
is, instead, the problem of the coverage in the case of small and closed
populations (for example, the students of one faculty or the employees of 3 great
enterprise). In these cases you can obtain very sight samples because usually, in
the same archives, a lot of other information about students/employees are
registered.

3. Pre-recruited panels. These panels are based on contacting individuals to Insert
them, then, in one list of contacts. The quality of statistical survey depends from
the respondents selection criteria and from the used frame. For example, if the
probability sample (like the one selected with the Random Digital Dialing
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methods, RDD) is adequate to the target population, target units can be directly
selected. A relevant problem comes from the availability of the participants. The
e-mail addresses, indeed, are frequently changed. Moreover technical 1ssues
limit the availability of potential respondents (Alvarez and VanBeselaere). It is,
hence, improbable that the list of panel maintains a good quality from times to
times. The response rate, besides, tends grow down in relation with the ramble
of belongings to the panel. For this reason, a panel must be updated and
modified from times to times.

The response rate, when recruiting is done by phone, is quite high: with 3
sample from a panel database recruited through telephone, the response rate is
about 30-40%. However the response rate is not justified by the high costs of
phone contact.

4. Mixed-mode designs. These surveys expect the integrated use of the different
techniques seen before: the web-based survey is only one way to participate to a
survey, a alternative to phone o other kind of surveys.

We discussed about the opportunity, in most situations, of using non-probability
sampling methods. These techniques don’t use probabilistic methods of selection.
Therefore the sampling results can’t be extended, through the statistic techniques, to a
larger population: the inference step can be very difficult to be applied.

A classification of non-probability methods is built by Couper (2000) and provide
three different typologies of techniques.

1. Web surveys as entertainment: this kind of surveys don’t has scientific
finality, but, in general, is proposed to visitors of a web-site. Visitors decide
autonomously if participate to surveys or not. Finalities of this kind of surveys
(very diffused in web) is usually to make web-sites contents more attractive.
There are a lot of web-sites that ask their visitors to evaluate a movie, to signal
the favourite song or singer, to chose the most loved public person, an so on.

2. Unrestricted self-selected surveys: through invitations (like announces,
invitation tags, banners, iper-textual links, ...) published on the pages of a web-
site it is possible to involve respondents in surveys. Only visitors of a specific
web-site that give actively the consensus to participate to the survey can be part
of the sample.

3. Volunteer opt-in panels: as in Opinion Centre, some people offer themselves
voluntarily to be involved in various kinds of surveys. ' Panelists are invited to
go to a defined web-page where some fundamental information are required
(between these, the e-mail address). All information are registered in a databage
that make possible, in a second time, the extraction of an opportune sample on
which the research can be made. Even if this system of selection is non-

' Two examples of well known volunteer panels are Harris Interactive

(http://vr.harrispollonline.com/register/main.asp) and Greenfield Online
(http://greenfieldonline.com).
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probabilistic, it is probable to obtain a selection of representative sample more
than using others non-probability selection methods.

5 Concluding comments on Sampling

For web-based surveys it is possible to use the sampling techniques used in traditional
ones. This kind of survey offers many advantages (e.g. low costs, timeliness, large
territorial coverage at relatively low costs, etc.), but there are some important themes
connected with the sampling to be looked into.

Given the special ways of obtaining contacts in web-surveys, one of the main problems
in choosing the correct sampling method is connected with the availability of sample
frames. Often no sample frame is available. When these are available, however, they are
often unsuitable for the context, incomplete, inaccurate or no representative sample can
be obtained from them. The consequence is that results obtained by a survey based on
inaccurate frames cannot be extended to the entire population.

Another important problem concerning sample frames (when available) is the coverage
error, or the differences between sample frames used and target population. Nua Ltd.?
estimated (in February 2002) that only 8.96% of the population worldwide (544.2
million people) has access to the Internet. In North America the percentage grows up to
58.8 % (164.4 million people). In recent years the increase in web connections has
grown up considerably, but these data demonstrate that it is still impossible to contact
the entire generic population of a country.

Another critical point for web-based surveys is the difficulty in using probability
sampling methods, considering the difficulty in obtaining lists and their unreliable
representativeness. There are two ways to partially solve these difficulties: reduce the
target population to people who have access to the Intemet or use an alternative method
of contacting respondents (e.g. the phone) in order to reach a larger group of
respondents involved.

Currently, in web-based surveys a non-probabilistic sampling method of selection is
usually used. It is often not possible to identify members of target population nor use a
probability method of selection. If a random system to generate e-mail addresses is
used, most of the addresses generated might be inexistent, invalid or unused. Moreover,
spamming is forbidden and many e-mail servers provide for the automatic deletion of
spam. All these factors contribute to an exponential rise in the risk of obtaining a non-
representative sample of the population, a very different one from that selected by the
sampling plan. To resolve this problem, a fundamental mixed mode approach is often
used (Couper, 2000). Respondents can, for example, be contacted by phone with the
objective of persuading them to participate in Internet surveys.

Another serious problem in drawing up sampling strategies is the scarcity and extreme
approximation of information available about non-respondents.

Even if an appropriate sample can be obtained using a suitable list, it is still important to
keep another aspect in mind, that is the identity of the respondent: this also being a

2 http://www.nua.ie/surveys/how_many_online/index.html
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problem with other kinds of surveys. web-based surveys can guarantee neither that
respondents to a questionnaire are the same people selected for the sample, nor that the
questionnaire has been filled in without consulting other people.

Therefore in web-based surveys sampling another important problem must not be
ignored, i.e. the presence of professional respondents, or rather those who participate in
a large number of surveys. It was estimated that in the United Kingdom the average
housewife participates in about 11 phone interviews a year. A study conducted in the
United States showed that 50% of all answers to surveys comes from only 4% of the
population. The importance of professional respondents becomes clearer given that
there are some web-sites (e.g. www.surveysdmoney.com, www.doughstrett.com,
www.rewardsites.com) showing surfers where to find surveys where they can earn
. money Or win a prize.

There are two risks regarding professional respondents: firstly they may become
influenced by some topics, as they participate in numerous surveys, so they risk
becoming non-representative of the real target population; secondly one is the honesty
of answers, if the only reason for participating is to earn the incentive.

To contain this phenomenon, some research institutes (e.g. AOL/Opinion Place and the
Millward Brown IntelliQuest Tech Panel) have strict rules about the frequency people
are asked to participate on a panel. In spite of this, it is impossible for these panel
companies to check if their respondents are registered with other panels. A study of SSI
observed that about 90% of panel lists wanted to participate in at least one survey per
week, and 60% in more than only one. Another study conducted by Wilke et al. (2000)
demonstrated that 46% of people inserted in ACNielsen’s BASES panel (people who
participated in more than 20 tests per year) wanted to be interviewed more frequently.

It is clear, therefore from what has already been mentioned, how important it is to select
an appropriate sampling technique, to firstly investigate thoroughly the study of the
characteristics of people with access to the web, to go beyond the essential and basic
information available e.g. the number of visitors to web-sites. The presence of mirror-
sites, the possibility of hiding your identity, special frames or mechanical instruments
can falsify statistical data on the number of visits (Smith, 1998 and Foan & Read,
1999). '

When compiling a sample it must be remembered that web-surfers have specific social,
demographical and economical characteristics. This is why McDonald (1999) pointed
out that a sample of people who use the Internet is usually representative of Internet
users only. In Coomber (1997) it is also stated the bias present in web-based surveys is
caused by particular web-surfer characteristics, a very varied set of people compared
with a set from a generic population. People who use the web usually come from a
higher social and demographical background, they are white males who are relatively
wealthy and well educated, with a higher level of education and can access high-tech

resources unlike a generic population (Nielsen & CommercNet, 1995; Kehoe & Pitkow,
1996).

It is almost impossible to contact groups of a well defined population, e.g. old people,
with low incomes or with a low level of education. For a more thorough and in-depth on
the study of people who don’t use the web frequently, see Coffey & Johnson (1998). It
is also true (Coomber), thanks to the ever more widespread use of new technologies and
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ever faster Internet connections, the bias typical of the web-based survey sampling is
destined to diminish in the near future.
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Part IJ — Inference

1 Introduction to Inference

In web sample surveys, as in any sample survey, when studying a phenomenon not all
the elements of the population involved (target population) are taken into consideration,
but only a subgroup of respondents who represent the sample.

The data therefore regards the sample exclusively. Statistical inference has the aim of
retracing the relevant data on the sample to the whole population being studied. By
means of inference techniques one of more unknown parameters (or parameter
functions) can be estimated relative to the universal population. In these cases inference
brings to “parametric estimate”.

It is possible to work in this way only if the subgroup in the survey is a statistically
significant sample. Only in this situation is it possible to estimate the size (e. g. the
average) relative to a defined population knowing the average sample and applying the
statistical theory of the estimate. To formulate hypotheses on the parameters being
studied (i.e. the average) sampling data is therefore used.

The average sample is a value (also called “estimate™) of a specific casual variable
(defined as “estimator”) who represent the series of all the values the estimate can
assume. Corresponding to the selection of a certain sample (i.e. the n-upla sampling is
fixed), the estimator takes on a determined value, i.e. the estimate.

It can be seen by statistical inference that an exact estimate of the population parameters
is not achieved, but a range of values is defined.

Statistical inference is applicable only in the case where it is possible to create a casual
sample or when the distribution form of the casual variable who characterizes the
phenomenon being studied is known. The theory that puts statistical criteria in order to
transfer from sample data to population parameters is known as estimation theory.

The fact that sample selection in a casual way leaves the research to define the level of
reliability of the estimate. In particular it becomes obvious that the real value of the
unknown parameter belongs to a suitable set of sub series of values. These series
generally coincide with specific intervals.

Give that, in general, the unknown distribution of the phenomenon being studied
depends on the parameter that is to be estimated (as occurs with the average for normal
distribution) this means that the real distribution belongs to a subset of the family
including all the possible distributions of the casual variable.

Based on the principles of probability calculations and Inference Statistics, it is possible
to construct the confidence intervals (Cap. 3) around the value to be estimated. This
indicates with what probability the real value referring to the population is to be found
near the estimated value. The problems of estimation are therefore linked to the
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definition of a possible subset of parametric values, from those probable (and therefore
of a particular distribution family from those possible) and with the quantification of
probability that could contain the real value referring to the universe being studied.

If, especially, the estimate is referred to one or more parameters it is called
“parametric”’, otherwise if it refers to the distribution phenomenon it is called
“functional”.

Furthermore the techniques of inference statistics make it possible to use special
statistical tests to verify the hypothesis (Cap. 4): it is therefore possible to evaluate when
the estimate value can be, a more or less reliable approximation of the unknown
parameter under study.

Furthermore, the result obtained is subject to the possibility of errors. What is
interesting is that it is possible to qualify the importance of the probability error.

The fact is that in web surveys it is often not possible to apply probability sampling
techniques. However it represents a severe limit on the use of statistical inference and
leaves a series of problems still unsolved.

These guidelines propose ways of solving these problems that are mostly connected to
sampling design.

After looking at some fundamental definitions regarding inference, a systematic
analysis (using the most common classifications) will be carried out on the main types
of error that can cause bias in sample results and their weight and some strategies are
proposed to limit the effect on data quality. With this aim, two common approaches are
introduced. These are still subject to extensive research and are based on balancing
score and propensity score.

2 Concepts and definitions

To understand the characteristics of statistical inference the following definitions must
be kept in mind and following concepts must be clear.

For example, the case is taken into consideration where it is necessary to estimate, for
the reference population, the arithmetic average relative to a phenomenon (X) that
presents normal distribution. If a casual sample of » individuals is extracted, the
possible results can be represented by the multiple casual variable (X1, Xz, ..., Xo)’
which, once the n subjects of the sample has been extracted, take on precise values (x;,
X2, ..., Xp). It is then possible, from the results of the casual sample, to estimate the
value of the average referred to the entire population.

Whit this aim, it is necessary to introduce the concept of “estimator”.

e Estimator: this is a special function, for example g(xi, X2, ..., Xy), of the
sample’s observed values used to estimate the unknown value of a certain
parameter 0 or of its functions 7(8). The estimator of 7(8), that can be called T,
is a special casual variable, a function of the casual variables (X, X5, ..., X;)
which represent all the possible signs of a certain phenomenon being studied

? For further reading on casual variables, see any manual on statistical inference.
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on the units making up the sample: T = g (X1, X3, ..., Xn). The fact that the
estimator is a function of the unit extracted means, in the case when a second
sample is extracted, the value assumed bu the estimator could be different.
For example, if when a sample is extracted, a certain variable is seen and
using the average sample data are synthesized the estimate of the average
value of the entire populations obtained. Extracting, using the same
procedure, another sample of the same target population, the same estimator
(the average sample) will probably give a different estimate. There is a series
of methods that can be used to define estimators of a parameter: method of
moments, maximum likelihood, minimum chi-square, and so on. Each
estimator will be characterised by specific properties (correctness, efficiency,
consistence, sufficiency) making it possible to choose the best one for the case
being studied. For a more detailed study of punctual estimators and their
properties see traditional manuals on Inference Statistics (see Further
Reading).

e Estimate: Once the sample has been extracted the estimator, a function of
sample results, takes on a well defined value which is defined as “estimate”.
E.g. the average of a sample is in fact an estimate. Once the n unit has been
extracted and the x; (=1, 2, ..., n) value which characterized them have been
examined, it is possible to go from the concept of estimator to the concept of
“estimate” of 7(8), which can be indicated with “t” and is such that: t = g (xi,
X2, «eer Xn)-

e Parameters; When the unknown size of the population relative to the
phenomenon being surveyed has to be estimated. E.g. the average unknown
population from which the sample has been extracted is a parameter.
Estimation operations can be carried out when dealing with a casual sample or
when the distribution form of the casual variable which characterizes the
phenomenon under consideration is known.

3 Confidence Intervals

Statistical inference theory provides the estimation of the unknown parameter by
pinpointing a set of values (“confidence intervals”) within which a given probability
exists a (alpha) which includes the real value of the population parameter.

The definition of such a set of plausible values is called an “interval estimate” as this is
often an interval. The result obtained is a “confidence region” (Azzalini, 2001).

Their identification is based on the hypothesis that, once observation has been carried
out, the parametrical set (i.e. the set containing all the values which the unknown
parameter could assume) contains, at a confidence level equal to (1 - a)*100, the
parameter being estimated. Therefore, the probability that given n as sample values, the
estimator is contained within the confidence interval and that the real value of the
parameter is contained in itself is equal to 1 —a.

Formally, to define a confidence interval it is first necessary to define two function of
the type:

T= 81 (Xls X27 sees Xl’l) and
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V‘—‘ g2 (X1, Xz, vy Xn);

These are two statistics (and therefore casual variables as they function as casual
variables) such that, if T < V:

Po[T< 1w(0)<V]=1l-a, (O<a<l).

Otherwise the probability that, given n sample values, the estimator is included between
T and V (the two statistics) 1s equal to 1 —a.

T is defined as lower extreme of the confidential interval for 1(8); V is analogously the
upper extreme for 1(0).

The interval (T, V) is defined “confidence interval” at level (1 — 0)*100 for the function
of the parameter 6, ©(8). (1 — o) represents, especially, the probability that the real value

of the parameter (referred to the universe) is contained in the confidence interval
identified with T and V.

Once the sample has been extracted and the observations on it made, x; 1= 1, 2, ..., n),

T and V will be functions of sample values and therefore can be indicated respectively
with the letters t and v:

t=g7 (X1, X2, ..., Xn) and
V=22 (Xl,Xz, ...,Xn);

the interval (t, v) will again be a confidence interval for ©(0) characterized at the same
level of confidence of the preceding (T, V) as (1 — a).

There can be cases where the distribution of the phenomenon being studied is one of the
parameters to be estimated.

For example, in the case of a phenomenon which presents Normal type distribution it
may be required to estimate the “average” parameter (u). It is known that Normal
distribution depends on two parameters: the average (1) and the mean square error (o).

In the case where distribution is a function of the type:
Q=h(Xy, Xy, ..., Xpn; 0)

that does not depend on 6, Q is defined as “pivotal quantity”.
The pivotal quantity is used to construct the confidence interval.

Given a fixed level of confidence (1 — «), taking into consideration the functions Q
(described above), Qi = A; (X1, Xa, ..., Xn; 0) and Q2 = hy (Xi, Xz, ..., Xn; 6) and
observing sample values, an infinite couple of values will exist (q; < qz) such that:

P@<Q<@)=(1-o.

From the infinite couples (and therefore from infinite intervals identified by the two
extremes, the one that minimizes the difference (q1 — qz), i.e. the width of the
confidence interval, will be chosen. This is because for this type of interval the
probability of including false values (or not probable) in the parameter is minimal.

Having chosen the couple (qi, ¢z) to obtain the confidence interval for ©(6) it is
necessary to rewrite (inverting them) the inequality:

q <Q X1, Xp, .., X3 0) <2
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in a way to isolate, the centre, the parameter to estimate, obtaining an inequality which
it includes of the type:

T<1(0)<V;

The inversion can be made on each different sample that can be extracted.

However, the functions T and V must be identified so that the inequality

01 <Q Xy, X, ..., Xn;0) <q and

T (X1, X2, .0y Xn) <1(0) <V (X1, X2, ..., Xn)

are equivalent, i.e. they have the probability of containing the term 7(8) equal to (1 — ).

For example, in the case where phenomenon X is distributed normally, in order to
identify the confidence interval relative to the average it is possible to use the pivotal
quantity:

n

which is pivotal because it has normal standardized distribution and therefore is
independent of the average. It is known that infinite couples exist (qi, qz) for which:

P(@<Q<q@)=(1-0)

is valid. Substituting the pivotal quantity Q in inequality and proceeding with inversion
to isolate the average |, an interval is obtained (for the average) indicated as such:

= 1 = 1
X“QzJ:<ﬂ<X_Q1\/:
n n

which is equivalent to:
T<pu<V,
Both inequalities therefore are created with the probability (1 — a).

It must be kept in mind that in the case of Normal distribution, an interval which
minimizes (to an equal level of confidence) its own size, is symmetrical in respect of the
average, i.e. type q1 = - qa.

Therefore g is defined in the following way:

G2 =20 gy 5
&

2

in the case of Normal distribution, a confidence interval for the sample average can be
identified as follows:

)?_Z(l_ﬁ)\g<'u<y+z(l_zj\/% ;

2 2

* The identification of g, is based on equal division of probability a at the two extremis (left and
right) of the confidence interval.
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In the more general case of a confidence interval for the average (not referred to Normal
standardized casual variable) the formula used is as follows:

2 2
X - z( a)\/a_ <pu<X+ z( ay’g— (in the case when the value o2 is known), or
1-— n 1= n
2 2

2 2
X’—t( a]JS— <pu<X+ t( a]JS— (when the value of ¢ is not unknown).
1-— n I-= n
2

2

It must be remembered that the pivotal quantity

n

with the increase of n, tends to take a Normal standardized casual variable. Therefore it
1s possible to substitute the value t(

1-Z

ith N
) W1 Z[]_%)

In the same way it is possible to construct confidence intervals even for other
parameters of interest.

X, - ,U)z
0'2 ’
the distribution of which (like chi-square, with n degree of freedom) does not depend on

2
o .

For example, in the case of variance the pivotal quantity is considered U = Z

i=1

Likewise for the average, from the tables relative to chi-square distribution it is possible
to obtain two values (q; < ;) so that:

P@i<U<q)=(-oa)
Normally to determinate the values q; and g the following is used:
PU=q)=(2)=P U=2q).

Applying inequality inversion (to isolate the parameter involved):

n X-— 2
ql <Z(_%<q2 5
i=1 o

a confidence interval is obtained for o?:

S <07 <3 (-

q; 3 49y o

which is equal to. Both inequalities are created with a probability (1 — a) of inclusion
unknown value of o .

* For quite large n it is usually understood the value of the size of the sample is greater or equal
to thirty.
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This, in the same way as the first, has a probability equal to (1 — a) of including the
unknown value of o .

4 Statistical hypothesis testing

In the area of statistical hypothesis testing, as mentioned before, the researcher generally
has a theory which translated into statistical language becomes the affirmation of the
values a parameter can assume from those possible. Likewise, the affirmation can be
referred to the distribution of the phenomenon: it is necessary to define the subset of
distribution contained within the possible distributions; this subset corresponds to the
values that can be assumed by an unknown parameter. Statistical inference techniques
are usually used to confirm or otherwise, on the basis of sample results, the affirmation
made.

Generally, the affirmation to be verified is defined as “null hypothesis” and is
conventionally indicated by Ho. The null hypothesis can refer to the value of a
parameter (average, variance, etc.), the set of values a parameter can assume, the
equality between two unknown parameters and so on.

However, generally in the case of the value of an unknown parameter of the universe
population two distinct hypotheses are formulated: the null hypothesis Hy, and the
alternative hypothesis H;. The aim is to establish which of the two is more probable (or,
however, preferable), on the base of sample result.

Apart from simple hypothesis which for example fixes two hypothetical values of a
parameter, it is possible to also consider composite hypotheses. This happen, for
example, when the alternative hypothesis does not regard a single value of the
parameter, but is the negation of null hypothesis: in these cases, therefore, the
alternative hypothesis can be both bi and mono-directional (to be examined later). In
both situation the alternative hypothesis does not specify the precise value of the
parameter but a range of several values. There are also cases in which even the null
hypothesis takes in consideration a set of values and not one specific value of the
parameter.

When the hypothesis Hy takes in consideration a certain value of the parameter, the
shape of the distribution of the phenomenon is unequivocally identified, in the case in
which the null hypothesis is composite, a family of possible distributions is identified.

Depending on the type of hypothesis to verify there are a series of statistical tests
available; e.g.: the tests for the value of an average, for the difference between two
averages, for the difference between two proportions, for the equality of two variances,
and so on.

See further reading for more details on statistical inference manuals.

It is possible to apply one of the tests regarding the average value of a variable observed
(e.g. X) on a defined population. The hypothesis Ho to be verified refers to one of the
possible numerical values the average can assume; one example of hypothesis Ho could
be the following:

}LXZk.
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The equality of two average values can be established by a test, a certain level of
reliability is fixed (o), if the null hypothesis (ux = k) can be accepted or must be refused.
The conclusion is reached using the sample data collected: if the sample average (%) is
sufficiently near the value to be tested (hypothesis Hy, therefore k), it can be concluded
that the hypothesis can be proved by sample data and can be accepted at the pre-
established level of reliability a. If the distance between the two values (X e k) are
excessively high, it is necessary to accept the alternative hypothesis H;: this means the
observed difference is significant and the null hypothesis cannot be accepted.

In this as in other test it is possible to draw up a graphic representation of the
distribution of the phenomenon in which refusal zone and acceptance zone of the same
test is highlighted. In the case of the average, it is presumed that the phenomenon is
normally distributed and that there is a zone of refusal both to the right and to the left of
the value fixed by the hypothesis (bi-directional test). This means the hypothesis will be
refused both for excessively high values for the sample average as well as for
excessively low values.

Acceptance
Zone

P=(1-a)

Refusal Zone
P = (a/2)

Refusal Zone
P = (a/2)

A\ 4

Ho p=k

If the sample average x falls in the refusal zone (therefore excessively far from the
value indicated by the hypothesis Hy), the null hypothesis is refused, otherwise (as
shown in the graph above) it must be accepted.

It is already been mentioned that test exists to verify both mono-directional e bi-
directional hypothesis. In the former (for example the equality test on two proportion)
the refusal zone corresponds to only one of the extremes of the distribution of the
phenomenon being studied (mono-directional test). In the latter (for example, as already
seen, the average value test) the refusal zone of the hypothesis will have values which
are excessively far from that indicated in the hypothesis Hp in both direction (bi-
directional tests).

In carrying up a test to verify the hypotheses two types of error can be encountered:

e The error of the first type is verify when the sample value falls in the refusal
zone, even though the null hypothesis is true. The possibility of making a first
type error is equal to alpha (¢) and is usually fixed at a level equal to 0.05. In
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the case of the hypothesis of a sample average, the test for which is fixed
alpha equal to 0.05 indicate that, whenever hypothesis Hy is true, the
difference between the sample value and the value fixed by the hypothesis is
considered significant in 5% of the test. On the basis of sampling data,
therefore, there is a probability of refusing the true hypothesis, i.e. a 5% risk
of making an error. This is why a also indicate the significance of the test,
which in this case con be considered equal to 5%.

The error of the second tvpe is when there is a null hypothesis, although false,
it is not refused (i.e. when the sample value is in the acceptance zone). The
probability of making an error of the second type is indicated by beta (B).
Fixing, for example, B = 0,3 indicates that in the 30% of the cases using a test
the null hypothesis is accepted even if it is not true.

The power of the test is indicated by 1-f and indicates the probability that the null
hypothesis is refused when it is false.

The following table summarizes what has been explained.

Null Hypothesis (Hyg)
True False
l-a B
= | Accent Hyp . Wy
S (correct decision) (2™ type error)
8 a 1-p
=] )
Refuse Ho (1% type error; (correct decision;
test significance) power of test)

It should be especially noted that when it is not possible to refuse the null hypothesis it
is neither possible to conclude that it should be accepted. For Example, in the case of a
test on difference between two proportions, if the test result show a non-refusal of the
null hypothesis, it is possible to (NCES, 2002)...

...confirm that none conclusion has been reached;
...indicate that no significance difference were met;

...underline the fact that the conclusion could be due to reduced sample size
or to a high value of standard error, if this is evident or other research shows a
significance difference;

...indicate that, if the estimate is not reliable, the standard error is so high that
the large observed differences are not considered significant;

...highlight the fact that, if a significant statistical difference for the target
population is observed, but similar differences of subgroup relative to the
same size are associated with low sample numbers or high standard errors,
these differences do not result as statistically significant.
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There is a large quantity of statistical software (SPSS, SAS, ...) for analyzing data (also

very complex data) obtained from sample surveys to verify the hypothesis by means of
statistical tests.

However, as it can be noted, the statistical tests used in inference techniques are based
on probabilistic principles and require, therefore, a probabilistic sampling procedure. In
fact, if any sample of subjects interviewed on the web were probabilistic there will no
problems in applying the principle of inference statistics to the results following in data
collection. However in the applicative field this rarely happens as almost all the samples
for web surveys are created on a self-selection bases and risk (depending on the target
population) of not being representative and, therefore, only rarely are (or can be) built
with probabilistic selection method.

The consequence is that the conclusions of surveys carried out on Internet in general
cannot be extended to a population bigger than that making up the sample itself. In any

case it is necessary refer in detail, together with the results, all the aspect regarding the
way in which the sample was selected.

5 Errors

If one of the principal objectives of the sample surveys (based on web use or other
types) is the estimate of parameter regarding parameters population, it is not possible to
ignore that fact that, for however accurate the choice of the sample can be (i.e. for as
representative as it can be), sample data generally means reaching only an approximate
estimate of the characteristics of the parameters being studied and can be a long way
from the real value in a greater or lesser degree.

It has already been pointed out that estimation theory requires, as a prerequisite for its
statistical variability, that the chosen sample is probabilistic. Furthermore the estimate
theory provides results which allow the researcher to quantify the identity of the error.
The researcher can then apply methodological criteria of estimation theory to define the
size of error which is deemed acceptable. The type of error mentioned here, which is
found in estimation theory, is called sampling error.

The researcher must, however, pay attention as this is not the only type of error which
can affect the results of a survey. The other types of error do not originate in sampling
and can be hidden at different stages of the survey, they are difficult to deal with and
often depend on the correctness and precision of the survey methodology.

It is possible to define an error called Total Error which includes each error which
causes the distance of the estimated value from the datum relative to the entire
population. Total error is the result of the contribution of two different types of error:

Sampling and Non-Sampling error.
5.1 The components of Total Errors in traditional surveys

One possible classification of different types of error was introduced by Kish (1967)
and was later developed by Bethiehem (1999).

Total Errors are considered to be the result of the presence of two different types of
error, sampling error and non-sampling error.
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Sampling error. This is due to the fact that the data collected does not cover the whole
target population but only a sub total (i.e. the sample).

The relevance of sampling errors falls with the increase of sample size and disappears in
the case where the sample covers the entire target population.

Sampling Error can, in turn, be subdivided into:

1. Estimation Error: this originates in random sample selection and is closely
linked to statistical inference theory. The resulting problem can be solved or
reduced by modifying the sampling plan; increasing the number of samples,

using proportional probability selection with a suitably chosen auxiliary and
SO on.

2. Selection Error: this is not closely linked to the problems estimate inference
but originates from the risk of choosing a wrong sample unit, i.e. one different
from that expected. The case can be verify, for example, when the same
individual is present more than once on the sampling list: on an e-mail list of
addresses it frequently happens that an individual has more than one address.
The same mistake can happen when the data declared by a panel member are
not true. Selection error is quite difficult to avoid if a careful study of the
sampling lists used is not carried out; the cleaning procedure is even more
difficult in the field of web surveys, due to the fact it is almost impossible to
connect the e-mail address with the person who owns it (to eliminate possible

duplications), as well as to the tendency of users to frequently change e-mail
addresses.

Non-sampling Error. This can only happen in cases when dealing with census surveys,

i.e. when dealing with a survey regarding the whole population and not a limited sample
unit.

Non-Sampling Error can in tum be subdivided into:

1. Observation Error: this regards the phases of data collection which can also
be subdivided :

e Over-Coverage Error: this happens when elements not belonging to the
target population are included in the sample. If the aim of a survey
proposed by a web page is to interview people interested in a specific
topic, it is possible that the person is not really interested, but has opened
the page by chance and has decided anyway to answer the questions.
Likewise, if those members of a panel give false information when they
register, then the choice of including these people in the sample on the
basis of their profile could cause over-coverage errors, given that in
reality these individuals are not part of the target population. However in

web surveys it is more frequent to find under-coverage errors (see
below).

e Measurement Error: this causes discrepancies between the actual value
and that which will be processed in the data base. This type of error can
be met when a respondent makes a mistake in replying (by mistake or
cannot reply, etc.), or when an untrue response is given or when the
question is not clearly understood. In web surveys measurement error

. Biffignandi, D. Toninelli - “Sampling and Inference in Web Surveys” 28/45



risks having a quite serious importance: a series of studies has in fact
faced delicate subject of the respondents’ which on the web does not
seems to be particularly guaranteed. Furthermore, in comparison with
more traditional surveys (e.g. face-to-face), there is not the presence of
an interviewer to clarify the meaning of not readily understood questions.

* Processing Error: this can happen during the data processing phase and
is caused by transcription errors of the collected data. Generally
processing errors are considered errors which originate at data-entry,
however in the case of web surveys this type of error has virtually no
importance seeing the data are inserted by the respondent and are
automatically recorded in the data-base.

2. Non-observation Error: this occurs when it is not possible to observe a
statistical unit or a series of statistical units. This can be subdivided into two
categories:

* Under-Coverage: this occurs when some elements of the target
population do not appear in the frame population. Certain units (or
representatives of a certain group of units) of the target population have
no probability of being extracted. In these cases the results of sample
survey can only be extended to the frame population and not to the whole
target population. If the web survey exclusively regards individuals who
have Internet access, this means potentially there is no risk of coverage
error. Usually, however, the target population is much more generic and
not only limited to Internet users. Under-coverage errors therefore take
on an importance which is not easy to ignore. On the other hand, as the
research carried out by Couper (2000) and Dillman & Bowker (2001)
confirms, when the Internet is used as a selection mechanism, certain
groups of individuals will certainly be under-represented in the sample.
Coverage error, given that Internet users are very different from a generic
population, especially regards well defined categories that use the
Internet less frequently: the over-55s, people with a low level of
education, predominantly female, ... (Bethlehem e Hoogendoorn, 2003).

* Non-Response Error: this happens when the respondents taking part in
the sample do not give the replies asked for. This is called item non-
response if the respondent has not replied to some of the questions, and
unit non-response if the person selected refuses to take part in the survey.
The latter case can cause a serious reduction in the sample number with
the risk of making the estimate less accurate. The problem can be solved
by increasing the size of the sample. The presence of unit non-response
is not a problem of great importance, given that it can be resulted by
increasing the size of the sample. It has, however, a negative impact on
the quality of the results, principally for two reason. On one hand the
percentage of replying: the error is much more important when it is
higher than the percentage of non-response. On the other hand the degree
of difference between respondents and non-respondents, can lead to
biased estimates of population parameters. It is evident that not only in
this situation is it possible to find high non-response percentages, but
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also the distribution of unit non-response causes an over or under-
representation of some groups of the target population when these groups
behave in a different way from the characteristics being analyzed. There
are different factors which can influence the non-response rate: the topic
of the survey, the target population, the timing of the survey, the length
of the questionnaire and so on. An accurate study of all these factors
(perhaps with a pilot survey) is indispensable to limit high rates of non-
response. Furthermore in web surveys the lack of an interviewer has an
important relevance: it is not possible to clarify not clearly understood
questions nor insist in trying to convince the individual to participate in
the survey (as happens in face-to-face interviews). There are also
technological reasons which influence the non-response rate. The
respondents can suffer a series of technical problem such as slow
connection, unreliable connection, high costs connection and a series of
other problems which discourage the respondents from participating in
the survey (Couper, 2001; Dillman & Bower, 2001; Fricker & Schonlau,
2002; Heerwegh & Loosveldt, 2002). The researcher has to try to
minimise the non-response rate to reduce to the minimum any bias of the
results. It is equally important to study the characteristics of those who
refused to participate in the survey. (Pineau & Slotwiner, 2003).

The presence of over and under-coverage has been mentioned. Generally speaking these
are called Coverage Errors when the frame population is different from the target
population. This type of error often carries a considerable weight in web surveys, as not
all the target population has web access and therefore cannot be part of the frame.
Furthermore, it is possible that people who do have web access can be very different
from the other units. This can cause serious bias of the results. Coverage errors cannot
be estimated using statistical inference theory, but an in-depth study of them is
extremely important given that they are directly linked to the quality of the survey.

5.2 The Error problem in Web surveys

In the specific area of web surveys, one special type of error is a relevant one: Self-
selection Error: This term indicates the distortion which happens when sample of
respondents 1s made up of volunteers instead of a random sample or one chosen by the
researchers. To make sure the sample is representative, research must be carried out on
a sample chosen according to pre-established criteria. However, in the great majority of
web surveys this does not happen.

Even if a sample panel made up of volunteers recruited on web sites is used as a base
the problem of self-selection is still there. Nor is it possible in these cases to talk about
probabilistic selection methods, given that the volunteers in the sample panel are subject
to self-selection.

It should already be observed that in web surveys non sampling errors are a quite
important problems. Especially under-coverage problems affect web surveys results.

Non response errors can have a high impact on the results. The question is open and
further studies are required.
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5.3 How can Errors be reduced

The biggest challenge facing researchers is how to measure every potential bias and
apply adjustment measures to correct or minimise them. There are various approaches
which can be adopted to limit the effect of different types of error. Pineau & Slotwiner
(2003) described potential impact of different type of error on survey results.

The first and very important step is to clean up the data and where possible, correct
them, before final processing. However, with this operation it is only possible to prevent
or limit errors of measurement, data development and over-coverage.

It has already been mentioned that the effect of sampling-error decreases with an
increase in the number of samples and disappears when the sample covers the whole
population of reference.

Regarding selection or under-coverage and errors caused by non response it is not worth
correcting each single error found, but it is necessary to different types of approach,
those used in estimate procedures, adjustment methods based on suitable weighting
systems. With regard to the low-representativeness or to the under-coverage problems
of sample, in web surveys the growing up of the sample size can reveal having the
opposite effect and can also bring also to an higher bias of sampling results.

Problems caused by the presence of self-selection samples can be limited by using
cookies ® in this way it is possible to stop a person from participating several times in
the same survey. However, cookies cannot be relied on if the user cancels the cookies
regularly; there could be further problems when two people share the same computer
and you want to interview both.

To limit the effect of self-selection error it is also necessary to have a broad knowledge
of the population being studied and the coverage that can be obtained from the sampling
list used in the research. At the moment, however, it is not possible to statistically
define the web using public. Connections to the Internet and e-mail addresses don’t
provide a standardized representation method that could represent every people who
have a web access. Therefore it is impossible to obtain a probabilistic sample which

represents the web using public in an statistically acceptable way. (Pineau & Slotwiner,
2003).

6 Probabilistic selection
The principle of Horvitz and Thompson (1952), universally known, maintains that

unbiased estimates of the characteristics of the population can be obtained from sample
surveys only when every unit of the population has the probability of being extracted

§ Cookie: “this is a text file generated by the user’s browser following a message sent from the
web server in reply to the request for connection received. The cookie is memorized on the
user’s PC and contains information which positively identifies the user who contacted the
Internet site generating the cookie. At each successive connection the web server ask the
browser for the cookie previously memorized. If this is found the server can use the information
contained for various aims: to offer personalized contents, trace behaviour profiles, update
statistics on visits, etc.”. (Diodati).
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own and different from zero. Furthermore only in this case is it possible to calculate
= accuracy of the estimate.

principle of Horvitz and Thompson is similar toa pr.obabili-stic s.ampling plan as an
ential pre-requisite for the possibility of estimating using .1nference St?.tlSthS
hniques, the population parameters and to eval.uate the rehablh‘fy of the estimates.
Therefore only one casual selection makes it possible to apply the inference principles

_,_sample data.

significant problem linked to web surveys it is represented by the difficulty in
ying out probabilistic selection of the sample.

2or Example, for entertainment surveys it is not possible to have any control over who
answers the questionnaire or how many times a person participates in the survey.
Likewise, there is no control over respondents when selecting samples of individuals
\using invitations such as pop-up or banner adverts on web-sites. Neither is it possible to
know what the probability is of a statistical unit being intercepted by one or more
invites or who accepts answering the questions in the survey. Both cases are non-
_ obabilistic sample selection types: the sample is defined “self-selected web surveys”
and the units are not chosen (or extracted) by the researcher. Nor is it possible to

are based on vast data-basis of individual who have voluntarily given permission to be
involved in future surveys. From these data-bases suitable samples of the target
population are selected or extracted. The procedure of choosing individuals who take
part in the sample is made easier by the fact that the volunteers, when they register,
rovide a series of personal data which can prove extremely useful in the selection of
units chosen for the survey. It is not possible, in these cases, either to consider these
1? robabilistic selection methods, given that at the beginning the volunteers who form the

anel were self-selected.

It should be pointed out that statistical inference methodology can be applied only when
probabilistic sampling technique is used (Kish, 1965; Cochran, 1977). Only in these
conditions, is it possible to calculate the accuracy of the estimate.

1 web surveys, however, it is often not possible (or it is not easy) to resort to the use of
pr 9bab1listic sampling techniques: in the majority of cases, the sample in fact, results as
being self-selected (i.e. self-selected web surveys). This type of unit selection does not

allow the calculation of the probability a subject has of entering to take part in the
ample.

another sample using a casually selected sample. Evaluating the distribution of seats in

the Dutch parliament it was noted that notwithstanding all the attempts made to obtain a
fepresentative sample from a set of self-selected units, the results closest to reality were

ose based on units selected by probabilistic sampling.

E

=ven when ‘using convenience sampling a serious problem is the application of
inference principles for the estimation of frequencies or percentages regarding the
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whole population. Unfortunately this problem link to the application to samples of these
type is often ignored. (Schonlau et al., 2002, 2004).

The real problem regarding inference in web-surveys is the fact that inference is reliable
only in the case when the requisite of probabilistic sampling is verified. The starting
point, therefore, must be the selection of a casual sample within a group of units that
have the probability of being extracted different of zero and known. For example,
simple casual sampling would be an ideal situation to apply the techniques of inference
statistics: in fact, all the units have the same probability (different from zero and known)
of being extracted). However these prerequisite in web-based surveys, as seen in most
cases, cannot be verified.

Danielsson (2004) as “non casual surveys” also included where the sample is extracted
from a sub-population and not from the entire target population. This means that,
referring to the entire target-population, the probability of inclusion (shown by m) is
sometimes positive (sometimes known) and others equal to zero. Therefore a casual
sample with non-response unit (or cannot be contacted as they have no Internet
connection) can be interpreted as non-casual survey. Two groups of individuals can be
identified (respondents and non respondents) and information is obtained only from the
respondents. Web surveys are therefore an example of non-response surveys and
consequently also non casual surveys, given that this is aimed only Internet users the
rest of the population is missed. The only difference between non response surveys and

web surveys is that the size of the sample is casual for the former and fixed for the
latter. (Danielsson, 2004).

7 Non-representative and representative samples

Another problem must be emphasised, which is linked to the sampling technique used,
i.e. a representative sample is obtained. In web surveys certain strata of the population
(e.g. people with a low level education, older individuals, etc.) risk being under
represented or not represented at all.

This means that, relevant to the target population, the statistical units being studied do
not have the same probability of being extracted. For example, in a web survey on the
movement of citizens within a certain area, it is possible to note that some special types
of citizens (e.g. elderly people) are not intercepted in proportion to their percentage of
the universe population (very few elderly people have web access); these particular
categories in the sample either under-represented or not-represented at all. As a
consequence it can be maintained the elderly people in a web survey have a lower
probability of being extracted in comparison of either individual.

Casual extraction system is used for those who have web access. Furthermore, studies
carried out in this area have shown the differences between populations who have or do

not have Internet access involve numerous variables which could be the subject of
further study.

7.1 How to obtain a representative sample

There are two ways to obtain a representative sample for web surveys, selected on the
basis of probabilistic principles, as in Pineau & Slotwiner (2003):
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e Use a multi-modal (telephone, post, personal, etc...) system to contact
respondents: the individuals contacted are asked for their e-mail addresses, they
are later contacted by e-mail to propose participation in the survey. Those who
do not have a connection system (not e-mail) are interviewed using an
alternative method.

e A representative selection by phone using the RDD (Random Digit Dialling)
selection method. An Internet connection is provided for the individuals selected
who do not have one (Intern connection).

This involves, in both cases, a rather expensive and work intensive procedure.

One operating approach to solve situations where the sample is not representative of
the target population is to use a weighting system to calculate the general results (once
the data has been collected). This weighting system takes into consideration the
probability of extracting an individual from the population which could exclude some
categories from being selected when using certain sampling techniques.

This is true in the case of non casual extraction of the sample to reach a conclusion
which can bee extended to the whole target population it is first necessary to study of
the relation between the sub-population sample and the universe of reference. The
second step is to apply a suitable weighting system which makes it possible to also
apply statistical inference to survey results obtained from non casual samples (for in-
depth studies see Little & Rubin, 1987 and Danielsson, 2004).

One quite common estimation is that of Horvitz and Thompson which provides for a
special weighting system of the average sample (post stratification). To apply a
weighting system it is necessary to have quite detailed information on the target
population, at least regarding some significant variables in order to make important
comparisons with the distribution of the sample obtained. The next step is to carry out a
proportional adjustment on the data regarding demographical, geographical, and
aptitude variables from other sources, or deriving from independent points of reference
ie. Census data. The aim of using Horvitz and Thompson’s estimator is to create a
group of respondents more similar to the population who do not have Internet access,
adjusting the results obtained in the web survey. This technique helps to minimize the
bias effects (Pineau & Slotwiner, 2003).

Given the various approaches available, it is often not possible to improve the quality of
the results. By the balancing of the results it is only possible to force the specific
estimates to make them similar to those of the target population. However it is not
guaranteed that the estimates being studied gained from the survey are really
representative of how the phenomenon presents itself on the entire population (Pineau
& Slotwiner, 2003). On the other hand, if a probabilistic sample is balanced against a
reliable benchmark, this is a statistically valid technique (and often used), using instead
balancing for data obtained from non-probabilistic sampling there is a risk of obtaining
heavily biased results. (Deming, 1943)

The bias problem is further motivated by the fact that samples are mostly made up from
volunteers recruited exclusively on the web as well as the fact that there is not sufficient
auxiliary information to operate with a suitable weighting system.
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8 The Balancin'g"Séiar\e:‘?‘method

In the case when the casual requirement is missing (as happens in most Internet
surveys) Rosenbaum and Rubin (1983) introduced a balancing score, a system of
weights which can be used to form a group which shows a shape similar to the target
population being studied.

Firstly it is necessary to carry out a sub-classification of the sample based on the
balancing score and secondly carry out a rebalancing of the data with appropriate
system of weight (i.e. balancing score) to calculate the general results of the survey.

The balancing score are defined (Danielsson, 2004) as a function b(X) so that the
distribution conditioned by the considering phenomenon X, fixed b(X), is the same for
the two groups of individuals in consideration (it is possible to define the two groups as
group 1 and group 2).

Formalizing the above, the phenomenon Z shows the belonging to group 1 rather than
group 2:

distr. (X | 5(X), Z=1) = distr. (X | b(X), Z=2).

This means that, conditionally to 5(X), X and Z are independent phenomena.

To calculate the general results of a web survey it is possible to use the weighting
system based on balancing score H(X). For more in-depth information on balancing
score see Rosenbaum & Rubin (1984) and D’ Agostino & Rubin (2000).

The most common balancing score used is represented by the propensity score which is
special function of the balancing score.

8.1 The Propensity Score method

The weighting system based on the propensity score was introduced with the aim of
making it possible to apply inference principles to observational data (i.e. taken from
non casually selected samples). (Rosenbaum & Rubin, 1983; Rosenbaum, 2002)

To reach significant results regarding a certain variable involved, a vector of auxiliary
variables 1s used and each one refers to each individual of the population. These
variables can be of different types: demographical, webographics’, and so on. Before
the survey is carried out, regarding each individual there is therefore a vector of
variables. The probability that each individual has been included in the web sample is
defined as propensity score. The propensity scores are therefore a special type of
balancing score which meets specific requirements. If the size of a synthesis is to be
calculated, a very reliable and realistic estimate is obtained using the weighting system
of the propensity score.

The procedure for the functioning of propensity score methods will be now
schematically illustrated.

7 Webographics variables are a special type of variable obtained from webgeographic questions.
Some researchers define them as lifestyle or attitudinal variables. They have the aim of picking

out the differences between web survey respondents and the general population. (Schonlau et
al., 2004)
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The evaluation of the results of a survey applied to the same group of people, but with
two different application methods, this is the same as having two groups (1 and 2)
where two different methods are applied.

It is possible indicate with Y the variable of interest observed (e.g. the results of a
surveys relative to a specific question). Each individual can participate only once in the
survey: so it is, therefore, necessary to use a dichotomous variable, e.g. Z (Z =1, 2),
which indicates if the i-th individual has participated in a web survey (Z; = 1)® or in an
alternative survey (Z; = 2), e.g. by telephone (i indicate the i-th individual).

The variable Y, that is the answer given by each individual to the question under
consideration, can be indicated as Yz, i.e. Y; or Y; (given that Z = 1,2), depending on
whether the individual has participate in a web survey or not. Therefore Y1; and Yo; will
be the notation used to indicate the answer of the i-th element of a web survey and j-th
to indicate the individual interviewed by phone.

Obviously it is unnecessary to make a direct comparison to evaluate the outcome of the
same question from two different type of surveys with the same individual. This means
that, in the case being considered, the difference Y, — Y, 1.e. Yi; — Yy, has no
significance. It should be possible, however, to carry up more generally the comparison
between the expected value from the answers obtained from a group of web respondents
on one hand and with those who were interviewed by phone on the other hand.

What is interesting is the difference:
1=E[Y2]-E[Y4].

Using the notation indicated, now X will indicate not one, but a vector of variables x,
each referring to every individual of the population. These variables can be of different
type: demographics, webographics, and so on.

Before the survey can be carried out, for each individual there will be a vector X; of
variables x; (where i indicates the i-th individual).

The conditioned probability that the i-th individual has been included in a web sample
(given the characteristics presented in the vector variables Xj) is indicated with e(Xj):

e(X) =P (Zi=1 | Xy).
This quantity is called “propensity score”.

Propensity scores are basically special balancing scores which meet the following
requirement for certain functions f:

e(X) =fb6(X)).
As previously mentioned the interesting point is the difference .

In the case of a probabilistic sampling technique for the selection of units, an estimate is
achieved that is not biased by 1. In fact, as a consequence of the casual choice of the
unit, the distribution of Y e Y, are identical; therefore Y; e Y, are independent of Z.

® From here the sample who accepted to participate in a web survey will be called “web
sample”.
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In the case, however, of a study where sampling is not casual (or one of the two groups
being studies is not casually selected), the distributions of Y, e Y, will be equal only
conditionally to X’; only with this condition will Y1 e Y> be independent of Z and an
unbiased estimate of T can be obtained. The second case covers most of web surveys.

‘What has just been mentioned can be formulized in the following way:
Ex [E(Y: | X, Z2=2)-EXo | X, Z=1D]=E[Y:-Yi]=1.

Apart of being able to use a variable of reference X, it is also possible to use one of its
function, e.g. a balancing score b(X). That is to say it is possible to use every type of
balancing score, even the propensity score that, as seen, is nothing more than a function
of the balancing score f{b(X)), that is e(X).

In the case of calculating synthesis (e.g. the average) of the two groups in consideration,
it is possible to obtain more reliable and realistic estimates using propensity score
weighting method.

For further in depth information on propensity scores and their application in web
surveys see Danielsson (2004).

9 Conclusions: problems with Propensity Score and
the researcher’s task

The approach to web surveys using balancing and propensity scores is quite interesting.
In practice, however, the balancing score or other useable points for the adjustment of

results are often missing: weighting system, for example, can only be estimated through
available data.

Furthermore, another problem linked to the implementation of these points must not be
ignored: the propensity scores can be estimated through the corresponding proportions
taken from the sample only if the auxiliary variable can assume only low values and the
number of samples is to high. The method of re-weighting of the results based on
auxiliary variables is also useful if the values that it assumes are few, otherwise
problems linked to its size could arise (for further reading see Clements, 1997).

Other important consideration include in general the method of re-weighting results on
the base of an auxiliary variable is useful if the possible values of X are few. However,
even in the case when this is verified, there can still be problems due to the size of X.
For example, some combinations of X might not be present in the sample extracted. The
use of balancing and propensity score greatly simplifies things, given that the multi-
dimensional structure of X is substituted by a function (b) mono-dimensional (5(X) or
e(b(X)). (Danielsson, 2004)

The function b(X) (or e(X)) is normally a continuous function therefore necessary to
recode it into classes: Cochran (1965) and Rosenbaum & Rubin (1984) claim that five
classes are sufficient to obtain unbiased of estimate T. To confirm the successful
outcome of the re-classification made with 5(X) or e(X) it is necessary to verify that the
distribution of X is approximately identical in the five classes.

° This assumption is defined by Danielsson (2004) as strong ignorability.
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Regarding the final estimate it is possible to compare each value of X and add up the
weighted results of each subgroup. Therefore once the weights has been estimated using
the relative fraction for each classified value of e(X), e.g. using sample fraction, it is
possible to obtain an estimate of the totally effect t using the correctly weighted
differences. (Danielsson, 2004)

One last consideration. It has been noted that, with known propensity scores, the results
of the study can be weighted to estimate parameters of the population involved.
However in the situations in which non-respondents are present, there is often no
information on the section of the population which cannot be included in the sample.
This can present a serious problem, given that to estimate the propensity score with e.g.
the logistic regression it is necessary to have a complementary sample of the population
not in the sample or of the entire population referred to. The estimated propensity score
therefore must be corrected with known fractions relative to the subpopulation not taken
into consideration (Danielsson, 2004). The estimate of the propensity score can be
calculated with parallel surveys carried out on limited sub surveys taken of the
population.

The weighting method based on propensity score seems very promising (Danielsson,
2004) and are being applied in numerous fields and context.

An applicative example for propensity score is represented by Harris Interactive, a
company which organizes web surveys. Their approach is based on dividing propensity
scores into a categorical variable which, then, with other variable is used for post-
stratification. For further reading: Schonlau et al. (2004).

Research carried out by Harris Interactive has demonstrated that applying propensity
score to web surveys produce surprisingly good results (Duncan & Stasny, 2001).

Schonlau et al. (2004) discuss when and under what hypotheses estimates obtained by
adjustment made using propensity score are comparable to those based on casual
samples. In particular the idea is discussed of whether it is possible or not to apply
inference to financial goods and the main domicile owned based on data exclusively
obtained from web surveys carried out by the Health and Retirement Study (HRS). The
study was based on the comparison between the estimates obtained from a casual
sample and that obtained from a sub-sample of people who having an Internet
connection and agreed to participate in web surveys. This method made it possible to
isolate and study any bias due to the way in which the survey was carried out.

In conclusion, all the methods of research contain, potentially, the risk of bias which can
bring about a difference, also in a significant way from the correct estimate and lead to
wrong measurements and conclusions. The task of the researcher is to minimize the
potential sources of error, and at the same time, keeping in mind signs of these sources
highlighting their characteristics and importance clearly and exhaustively.
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