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A few fundamental things are briefly discussed. First: What is called probability sampling in
real life does not usually satisfy the conditions of the text-book definition, because of
nonsampling errors. Next: With quality assessment in the context of nonprobability sampling,
nonprobabilistic reasoning of a more ad hoc character has to be used. Finally: With quality
assessment of panel surveys, many aspects have to be taken care of.
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1. Introduction

Being a statistician, I have been indoctrinated to look at nonprobability sampling with

suspicion. In this paper, however, I will attempt to discuss probability vs. nonprobability

sampling rather dispassionately, and I am not going to explicitly attack or defend one of

them (although it may perhaps be possible to read between the lines where my sympathies

are). My goal is simply to try to clarify a few elementary things to myself.

First, I consider what survey statisticians actually mean when they say that they are

using probability sampling. If we stick very strictly to the text-book definition, it must be

very unusual for an observed sample to be a probability sample, because of the

nonsampling errors that are always present.

Next, I consider how survey quality is presented. While the quality of probability

sample surveys is to a large extent discussed in well-established statistical terms, such as

bias and variance, which can be interpreted (from a design-based perspective) with

reference to long run frequencies in a hypothetical series of repeated trials, the quality of

nonprobability sample surveys is discussed in a more ad hoc fashion in terms of hopes and

misgivings, focusing on whether the actual sample can be believed to give a good image of

the population. Note, however, that even with probability samples, the possible effect of

certain nonsampling errors such as nonresponse and frame imperfections is usually

discussed in similar ad hoc terms of hopes and misgivings, without probabilistic

interpretation. Of course, if certain model assumptions are made, it would be possible to

use terms such as bias and variance also with a nonprobability sample survey, but now

under a model-based interpretation. This kind of model-based quality reasoning is,

however, completely outside the scope of the present paper.

Finally, quality assessment of panel surveys will be briefly discussed, as an example,

where both probability and nonprobability elements may enter into the picture.
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Needless to say, the discussion in this paper is from a statistician’s point of view, which

may be different from the point of view of those who are doing market, opinion, or social

research in real life. I also want to make it clear that what I am discussing here is

probability vs. nonprobability sampling only in the context of quantitative research. With

qualitative research, the discussion would be quite different.

2. What is Probability Sampling in Real Life?

There are many ways of selecting a sample of units from a finite population. In text-books

in survey sampling, a certain class of sampling procedures is said to constitute the class of

probability sampling procedures, in contrast to the remaining class of nonprobability

sampling procedures. Under ideal text-book conditions, probability sampling is usually

described along the following lines:

(1) A sample of units is to be selected from the population, using some known

randomization mechanism.

(2) It is possible (at least in principle) to list all the samples that can be obtained using

this procedure.

(3) We know the probability of each possible sample, when this procedure is used.

(4) For each unit in the population we can find its inclusion probability, that is, the

probability that it will be selected. The inclusion probability can be obtained, for

example, by adding the probabilities of all the possible samples that contain this

special unit.

(5) Each unit in the population is to have a strictly positive inclusion probability. This is a

necessary and sufficient condition for the existence of an unbiased estimator of the

population total.

In real life, however, disturbances will usually occur, so that one or more of the five

conditions above will not be satisfied, even when the expressed ambition is to use

probability sampling. One imperfection is that the selection of units is often done from a

sampling frame which does not entirely coincide with the population that one wants to

draw a sample from. In other words, the frame population is not identical with the target

population. There may, for example, be undercoverage, which means that there are units in

the target population that are missing in the sampling frame. These units can never be

selected and thus have an inclusion probability equal to zero, which is in conflict with

Condition (5) above.

Another imperfection is caused by nonresponse, which means that data are not obtained

(for various reasons) from some units in the sample. Thus, there is an original sample, s,

selected by probability sampling from the sampling frame, and a smaller final sample, s’

(a subset of s), for which we have observed data. The reduction of s to s’ cannot be

described as probability sampling, because there are unknown response mechanisms

outside of our control. So the whole procedure resulting in the final sample s’ cannot be

described as probability sampling, because a number of the five conditions above are

violated.

“Probability sampling” is a prestige term among serious survey workers, and big actors

like national statistical agencies usually use what they call probability sampling in their
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surveys. But, as we have seen above, the conditions of probability sampling are hardly

ever strictly satisfied in practice. So what does probability sampling actually mean in

real life?

It seems that the term “probability sampling” is used in real life to describe a procedure

where an original sample, s, is selected according to Rules (1)–(5), resulting in a final

sample, s’, where the disturbances, such as undercoverage and nonresponse, are deemed

not too big. And what is “not too big”? There is no exact answer, but perhaps one could say

that disturbances are seen as not too big when they can be handled to a satisfactory extent

using methods agreed on by the responsible statisticians. Such methods are not

randomization based, but usually rely on various model assumptions. And what is

“satisfactory extent”? It probably varies from time to time. For example, what is

considered as an acceptable nonresponse rate today was not acceptable forty years ago. So

the answer to the question “What is probability sampling in real life?” is admittedly

somewhat vague. In what follows, whenever the term “probability sampling” is used, it is

to be understood as “real life probability sampling”.

3. And What is Nonprobability Sampling?

Any sampling procedure where the final sample s’ is not obtained by means of “real life

probability sampling” will be classified here as a nonprobability sampling procedure.

Typically, there are no known inclusion probabilities, and sometimes there is not even an

exactly defined population. A few well-known examples of nonprobability selection

procedures are the following:

Self-selected respondents. An invitation to answer a number of questions is given to a

large (and often not well-defined) group of people, for example by announcement in a

newspaper or on an internet site. Anyone who reads the invitation is allowed to answer, but

usually only a very small fraction do in fact respond.

Respondents selected by interviewers. The interviewers have the freedom to select

people to interview, for example, in the street or in a shopping mall. Sometimes the

freedom is restricted by quota rules, saying that there has to be, for example, the same

number of men and women.

Respondents selected by experts. An expert or a researcher contacts a number of persons

who happen to be available and who are believed in some sense to be “typical members” of

the larger group of people that one is really interested in.

Snowball sampling. This is a technique to get in contact with people from an evasive

population, for example a population of homeless persons or of drug addicts. Initially, a

small group of already known people from the population are contacted and asked to

identify other people they know from the same population. Then, these new people are

contacted and asked in their turn to identify people they know from the population, and so

on, until a certain number of people have been identified who will then together make up

the sample.

There are also selection procedures where a certain amount of randomness is actually

involved but where the final sample of respondents might nevertheless be considered as a

nonprobability sample, because the disturbances or deviations from strict probability

sampling are too large. Two examples follow:

Wretman: Probability and Nonprobability Sampling 31



Unknown number of nonrespondents. Interviewers are calling people on the phone until

a prescribed number of respondents is obtained, but there is no registration of how many

calls have to be made in order to get the desired number of answers. Even if the phone

numbers were selected in some randomized fashion, the final sample of respondents would

probably be considered as a nonprobability sample, and recognized estimation techniques

(thought out for probability sampling) would not be used.

Known, but prohibitively large nonresponse. Say that an original sample is selected by

probability sampling from an acceptable sampling frame according to all the recognized

rules, but that the nonresponse is extremely large, say, 70 percent. Even here the final

sample (30 percent of the original sample) would probably be considered as a

nonprobability sample and recognized estimation techniques would not be used.

Unfortunately, as seen in these two examples, there is no sharp boundary line between

probability and nonprobability sampling. It is to some extent a matter of judgement.

4. Quality Assessment with Nonprobability Sampling

The question in focus here is the following: Is there a sufficiently small difference between

the obtained estimate and the true value of the population parameter being estimated?

Since the true parameter value is unknown, one can never find out exactly how large this

difference is. What one can do is to present various indicators that are assumed to give

more or less information about the quality.

With probability sampling, statements are made about bias and variance of the

estimators, and confidence intervals are calculated, which can be given a long run

frequency interpretation. Statements are also added about possible effects of frame

imperfection, nonresponse, measurement error, and other sources of nonsampling error.

With nonprobability sampling the situation is different, and the traditional quality

indicators from probability sampling can no longer be used. Often, the population is not as

well-defined as it usually is in the probability sampling context. In opinion surveys one can

sometimes see sweeping formulations such as “the general population”. It is no longer

possible to use design-based terms such as bias, variance, and confidence intervals, since

there are no design probabilities involved. (As already pointed out, the possibility of

model-based quality discussion is outside the scope of this paper). Usually no sampling

frame is being used, and it also seems meaningless to talk about nonresponse in the

traditional sense, since there is no original sample of selected units that one tries to contact,

with varying result. There is only the final sample of responding units, and one does not

know how many people would have answered under some sort of “ideal” circumstances.

The only type of traditional error source that could be discussed seems to be the

measurement error, since question wording and questionnaire design may affect the

answers to the same extent whether the respondents have been selected by probability

sampling or not.

I want to remark on the use of the term bias. In quality presentations one can sometimes

see this term as referring to the difference between an observed estimate and the parameter

to be estimated, which is somewhat annoying for a statistician. Bias, as a statistical term,

means the expected value (not the realized value) of this difference. Thus, the term bias

should be used in a statistical context only when probabilities are involved.
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When asking about the quality of a survey based on nonprobability sampling, another

type of questions have to be asked than in the probability sampling context. A few

examples follow here. We note that these questions focus on qualities of the actual sample

and the procedures used to obtain it, rather than average long run properties in a

hypothetical series of repeated trials.

Is there any reason to suspect that the survey participants are much different from the

population units with respect to the distribution of the study variable? Do they have

consistently higher values, or lower values? The hope is that the sample shall look like the

population as much as possible in the respects that are relevant. Of course, it is not usually

possible to know anything definitely about this. Perhaps one could get some information

by taking a closer look at the mechanisms that made people take part in the survey. Did a

certain type of people have a greater disposition to become respondents?

How are the survey participants distributed with respect to certain background

variables as compared to the corresponding distribution in the population?We then have

to assume (1) that some background variables (such as sex, age, and income) are known

for the whole population, and (2) that the study variable covaries with these known

background variables. Large differences then give rise to suspicion (while small

differences do not necessarily mean that the estimate is good).

Do we know anything about people’s willingness to take part in the survey? How many

of those who were exposed to the invitation did really answer? How many phone calls

were necessary to get the desired number of respondents? A high degree of unwillingness

may indicate that those who in fact respond may be unlike the majority of the population.

5. Quality Assessment with Panel Surveys

Surveys based on access panels (also called “online panels”) are being more and more

used these days in market, opinion, and social research. From a statistical point of view,

focusing on how people are selected, such surveys are essentially carried out in the

following two stages:

Stage 1. A number of people are selected to make up the access panel. This panel is then

to serve as a sampling frame over a long time for a number of future surveys of various

kinds. The panel may be obtained by probability sampling from a well-defined population,

or by some nonprobabilistic recruitment procedure. (Sometimes a panel may also be

obtained by merging a number of already existing panels, which could have been obtained

by different procedures.) Usually, people who have expressed a willingness to join the

panel will not automatically become panel members, but they first have to satisfy some

eligibility requirements. Those who turn out to be eligible are then asked to give some

background information about themselves (which in this context is called “profile data”).

There will usually be some nonresponse in this process, but those people who finally

remain will make up the panel (sometimes called the “active” panel).

Stage 2. For an actual survey, a sample of people is drawn from the panel (or from a

suitable subset of the panel), either by probability sampling or nonprobability sampling.

There may be certain restrictions – for example, that panel members could be exempted

from selection for some time in order to avoid overburdening and attrition, or to avoid

panel members being professionalized. Sometimes panel members are put in quarantine
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for some time after participation in a survey. People who have not responded for a certain

number of consecutive surveys may be excluded from the panel. A panel is changing as

long as it exists, because people are leaving for various reasons and have to be replaced.

Data collection in panel surveys is usually carried out using the Web.

From a statistical point of view, the selection procedure in a panel survey has some (but

not perfect) similarity with two-phase sampling. In the first phase, a big sample ( ¼ the

panel) is selected, and easily accessible background data ( ¼ profile data) is collected. In

the second phase, a subsample ( ¼ the sample for the actual survey) is selected from the

first-phase sample, and data concerning the actual study variables is collected from that

subsample. A difference is that in traditional two-phase sampling it is always assumed that

probability sampling is used in both phases, which is not necessarily the case in the panel

survey context. A statistician might also find that the panel can be seen as a kind of master

sample, kept over time, from which repeated subsamples are selected.

When judging the quality of a panel survey, two aspects must be distinguished, namely,

(1) the quality of the panel as such, and (2) the quality of the specific survey, based on a

subsample from the panel.

When studying the quality of the panel itself, the questions to be asked are to some

degree dependent on whether the panel is obtained by probability or nonprobability

sampling. In addition to the usual questions for these two cases, there are also questions of

a more panel specific nature. A few examples are as follows:

How was the recruitment carried out?

How many people responded to the recruitment announcement?

What were the eligibility requirements?

How many people remained after the eligibility check?

How many people remained after the profile survey?

How many active members are there in the panel now?

For how long have these panel members stayed in the panel?

In how many surveys have they participated?

How many people have left the panel for various reasons?

How is replacement carried out?

What is the policy to eliminate attrition and professionalization?

What other measures are taken to keep the panel in good shape?

What is the structure of the panel with respect to profile variables, such as sex, age, and

income?

Is there any reason to believe that the panel is in some respect different from the general

public?

When studying the quality of a specific panel survey as a whole, the quality of the panel is

of fundamental importance. But there are also quality aspects connected with what was

called “Stage 2” above. The sample in Stage 2 may be selected by probability or

nonprobability sampling from the panel, and quality issues should be discussed in terms

appropriate for the case in point. Preferably, the two stages of the panel survey should be

considered in combination. What is their joint effect on the quality of the specific panel

survey? The final inference is from the sample data to the population, via the panel.

Remember that as long as a panel is much different from the population, it does not help
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very much if the panel sample gives a good image of the panel. The quality of the panel

itself is crucial.

6. Conclusion

Although probability sampling is a well-defined concept under ideal text-book conditions,

the borderline between probability and nonprobability sampling is a bit vague when it

comes to survey sampling in practice. Even when the ambition is to use strict probability

sampling, there will usually be disturbances caused by nonsampling errors, so that the text-

book conditions are no longer satisfied. If one should stick rigidly to the text-book

definition, probability sampling hardly ever exists in real life. But it seems that the term

“probability sampling” is still used by responsible survey statisticians, as long as the

disturbances are considered to be small. Unfortunately, a satisfactory agreement on what

should be meant by “small” is still lacking.

How to present the quality of statistics based on a probability sample is an issue that has

been discussed by statisticians for a long time, and it seems that a considerable consensus

has been reached. National statistical agencies and other big actors often have their own

guidelines on how quality should be reported to the users.

When it comes to quality declaration of statistics based on a nonprobability sample, the

situation is different. There are no general guidelines on how users should be informed

about the quality of statistical results. Of course, if certain statistical model assumptions

are made, the usual technical apparatus of statistical theory can be used for model-based

inference, but this type of survey is not discussed in the present paper. Instead, I have

wanted to draw attention to quality declaration of statistical results from nonprobability

surveys without model assumptions, which are often used, for example, in market and

opinion research. I think statisticians should not disregard this type of surveys, but rather

come up with concrete suggestions for declaration of quality, to make it easier for users to

judge how much they should believe in the results. It seems that with nonprobability

surveys (without model assumptions), quality should not be expressed so much by

numerical measures (such as nonresponse rates), but rather by verbal descriptions of the

procedures used, focusing on their potential weaknesses.
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