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Abstract

In 2005 the Netherlands Institute for Social Research/scp conducted a survey of 
people’s perceptions of mobility (Harms 2005). This paper reports the results of a 
follow-up study of the Perceptions of Mobility survey in which both respondents and 
nonrespondents to the original survey were re-contacted to ask their opinion on six 
questions central to subjective mobility, while also collecting some other informa-
tion thought to be relevant to opinion and response.

The goal of the follow-up survey was to compare the former respondents and 
nonrespondents in order to evaluate whether nonresponse bias existed. The context 
of this comparison is the existence of a survey using the same questionnaire but a 
convenience sample with self-selection, rather than a random sample of the Dutch 
population.

Although some former nonrespondents did cooperate this time, the follow-up 
suffered 70% nonresponse in the group of former nonrespondents and only 40% in 
the group of former respondents. Analysing only the respondents to the follow-up, 
there appear to be no differences. However, extra information was available about 
the nonrespondents that could be used to multiply impute their opinions.

Multiple imputation does not yield any differences for four out of six study varia-
bles, while for one of the variables–attitude towards the bicycle–a clear difference is 
found if the imputation model is correct. This suggests that the original sample may 
have been biased concerning this opinion, while for others no problems with the 
estimates were found.

The paper concludes that on the one hand, the random sample with nonresponse 
bias appears just as bad or good as the self-selected convenience sample in some 
situations. On the other hand, indications of bias were found in other situations, and 
without a study such as the one conducted here one cannot know which of the two 
situations applies.

Furthermore, it was the re-interviewing of the nonrespondents which made it 
possible to detect and correct for differences. Such knowledge can only be gathered 
in a sample survey, since in convenience samples the non-participants can usually 
not be identifi ed. Thus, in a sample survey combatting nonresponse rates and col-
lecting auxiliary data can reduce nonresponse bias, while in a nonrandom survey 
one can only assume that there is none after correction for background information.



1 Introduction

Samples of convenience rather than population register samples are increasingly 
used as a sampling frame to conduct surveys, particularly web surveys (Couper 
2000). While criticism has been levelled at such surveys for their lack of representa-
tiveness (Couper 2001), it is the question whether sample surveys of population 
frames do not experience similar problems in the form of nonresponse (Stoop 2005).

This paper studies in detail the effects of nonresponse in a sample survey. Its 
secondary goal is to compare a sample from a convenience sampling frame with self-
selection with a random sample which did use a postal address sample, but suffered 
a lot of nonresponse.

In 2004 the Netherlands Institute for Social Research/scp conducted a survey 
of people’s perceptions of mobility, the MB2005 survey (Harms 2005). The survey 
was conducted twice within the same time frame: once a group of people who had 
answered to a previous survey1 was used as a sampling frame (we will call this the 
‘MB2005-A’ survey), and once a random sample of the same size was drawn from 
a postal address sample (the ‘MB2005-B’ survey). Concerns were raised that the 
MB2005-A survey, based on a frame of only respondents to a previous survey, might 
be biased–especially since the initial response rate appeared to be extremely low.

The existence of the comparison MB2005-B survey which used a postal address 
sample made a comparison between the two survey methods possible in principle; 
if differences were to be found, propensity score weighting could be used to attempt 
an adjustment (Oberski 2006). Such methods are routinely applied by some survey 
agencies to try to reduce self-selection bias (Schonlau et al. 2004). However, it turned 
out that the postal address sample survey suffered a 66% nonresponse rate, and that 
no differences could be found between the two surveys. Consequently no adjust-
ments could be made either.

After the MB2005 study it was still not clear whether this lack of differences was 
due to an absence of self-selection bias in the ‘A’ survey or to a presence of nonre-
sponse bias in the ‘B’ survey. A follow-up study was therefore conducted in which 
both respondents and nonrespondents to the sample survey were recontacted with 
a very short questionnaire. The questionnaire consisted of six central questions and 
three questions thought to be both relevant to the response process and related to 
the variables of interest. The follow-up survey will be the primary focus of this paper 
and will be referred to as MB2007. Figure 1 provides an overview of the different sur-
veys and the response and nonresponse groups associated with them.

The rationale for recontacting respondents was that if differences in opinion 
between nonrespondents and respondents were found, this would be an indication 
that the MB2005-A and MB2005-B survey results were similar due to nonresponse 
bias in the sample (MB2005-B) survey. On the other hand, if no differences could be 
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detected, this would be an indication that the results of the MB2005-A panel were not 
infl uenced by self-selection.

This paper reports the results of the follow up study in a situation of uncertainty. 
The uncertainty stems from the fact that although a share of the former nonrespond-
ents did respond to our second survey, nonresponse was still quite high overall–
about 50%–, and more so in the former nonresponse group. The study therefore does 
not only compare former respondents and nonrespondents using just the people who 
responded to the survey; it also attempts to infer the opinions of those who did not 
participate in our survey using auxiliary information. Since the information that we 
were able to collect (not least response or nonresponse in the fi rst survey) turned out 
to be relevant to opinions in some cases, this effort yields a different conclusion on 
one out of the six accounts investigated.

In the remaining sections, the data that were used in this study will fi rst be dis-
cussed. The following section briefl y describes a general framework in which non-
response and self-selection in surveys may be seen, which is used in the rest of the 
paper. Afterwards the differences between the former respondents and nonrespond-
ents are evaluated using only the non-missing responses. It is argued, however, that 
there are reasons to think that the assumptions needed for that analysis are too 
strict. The ensuing section therefore uses multiple imputation so as to relax these 
assumptions. The method is briefl y discussed, after which the differences between 
our two study groups are again evaluated, this time using all the available informa-
tion about both respondents and nonrespondents to the follow-up study. Finally, the 
overall conclusions of this study are discussed.

Note

1 See http://www.vdklistbroking.nl/grote_consumenten_enquete.html
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2 Data

The different groups of people and response fl ows discussed in this section are sum-
marised schematically in fi gure 1.

2.1 The two original ‘Perceptions of Mobility’ surveys

In 2004 and 2005, the Netherlands Institute for Social Research/scp (scp) and the 
Transport Research Centre of the Ministry of Transport, Public Works and Water 
Management1 (avv) conducted a self-completed regular mail survey of people’s sub-
jective opinions about transportation twice2. Both surveys used the same question-
naire consisting of 315 questions, and regular mail as a mode of data collection.

The only difference between these surveys (MB2005-A and B) was a short period of 
delay (about one month) between them and the way the samples were drawn.

In the fi rst case (MB2005-A) a group of respondents who had responded to an ear-
lier survey (the ‘gce’ survey) was used as a sampling frame. Prospective respondents 
had been invited to participate in the gce survey after buying products from certain 
companies or participating in lotteries, among other things3. From this group an 
unequal probability sample was drawn. The selection probabilities were weighted 
by social status, age, and household size. The total percentage of people who were 
asked to participate in the gce survey and indeed did so was necessarily diffi cult 
to evaluate, but lies around 3% (Oberski 2006, see also the right hand side of fi gure 
1: .085×.36≈3%).

The scp had requested that a random sample be drawn from the Dutch popula-
tion; it did not become clear until after the data collection that a convenience sample 
had in fact been used. Because it was feared that the convenience sample would be 
biased, the entire survey was conducted again, but this time using a random sample.

In this second case (MB2005-B) an offi cial database of Dutch postal addresses 
was used to directly draw a stratifi ed random sample. The sample was stratifi ed by 
whether respondents lived in one of the ‘big cities’ (Amsterdam, Rotterdam, Den 
Haag, Utrecht) or not4. The nonresponse rate in the MB2005-B survey was consider-
able: about 66% (see the left-hand side of fi gure 1).

Oberski (2006) compared the results on all questions in the two surveys. Assum-
ing that the small period of delay did not infl uence the general opinion of people, 
this gave an indication of the effect of using a convenience rather than a population 
sampling frame. However, no differences were found between the two surveys. Of 
the 315 questions in the original questionnaire, 296 (94%) were not found to differ 
signifi cantly in their marginal distribution between the MB2005-A and MB2005-B 
surveys5. The number of differences found was therefore more or less exactly equal 
to the number of ‘signifi cant’ differences one would expect to fi nd purely by chance. 
It was concluded that no evidence could be found that the two methods of selecting 
respondents had produced different distributions of the variables.
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The fact that no differences could be found meant that either both surveys were 
unbiased, in spite of nonresponse and self-selection, or that both were equally 
biased. That is, the self-selection of the MB2005-A sample could have had the same 
effect on the distributions of the variables as nonresponse in the MB2005-B survey, 
or, alternatively, there had been no effect of either self-selection or nonresponse in 
either survey.

A follow-up study was conducted to investigate which alternative was more likely: 
that self-selection and nonresponse bias were present, but had similar effects, or 
that neither self-selection nor nonresponse bias played a role in the two MB2005 
surveys. To establish this, subsamples of both the group of respondents and of non-
respondents were re-interviewed. If differences between these two groups are found, 
nonresponse bias was probably present in the original MB2005-B survey. Since the ‘A’ 
and ‘B’ surveys produced the same results, this would in turn mean that the MB-
005-A survey contained similar bias caused by self-selection. On the other hand, if 
the two groups yield similar results, we could not conclude that either nonresponse 
or self-selection bias had been a problem in the original surveys. The next section on 
nonresponse theory will show how either situation could come about.

In order to see if there were differences between the response and nonresponse 
groups, the MB2007 follow-up survey was conducted among the two groups using 
a much smaller questionnaire. It was thought that a smaller questionnaire coupled 
with the use of a reminder and a small incentive would improve response rates 
among the nonrespondents, providing information about possible differences 
between the groups.

2.2 Follow-up study

The follow up study was conducted in the period February – March 2007. A question-
naire consisting of six core questions and three extra questions which were thought 
to be related to both nonresponse and the study variables was sent to a subsample of 
the original sample. This subsample was stratifi ed according to the number of non-
respondents, so that in total 184 respondents and 276 nonrespondents were asked to 
participate in the follow up (see fi gure 1). After two weeks, a reminder letter was sent 
to those respondents who had not answered yet. Those who answered before and 
after the reminder were recorded as ‘early’ and ‘late’ respondents, respectively.

The mail questionnaire (included in appendix 7), was sent in an envelope addressed 
to the respondent, showing the logo of the scp on the outside. Inside were a short 
cover letter signed by the director of the scp and again displaying the logo, a pen 
meant as a gift and the one page questionnaire. The questions were not particularly 
diffi cult or intrusive. The following information was recorded on each respondent:
• Interest in cars;
• How expensive (s)he considered public transportation;
• How much of a problem (s)he considered exhaust fumes caused by traffi c;
• How much of a problem (s)he considered noise caused by traffi c;
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• How positively or negatively (s)he judged the car, public transportation, and the 
bicycle as forms of transport;

• Highest level of education completed;
• Frequency of visiting friends;
• Whether the questionnaire was received before or after the reminder (early or late 

respondent). This was not a question on the questionnaire, but a fact about the 
respondent recorded by the fi eldwork agency.

Furthermore, for all sample units, including the nonrespondents to the follow-up, 
the postal code was known as well as whether they belonged to the former response 
or nonresponse group. Interest in cars, frequency of visiting friends, and education 
are considered background variables, since they were not included in the original 
MB2005 questionnaire.

The total sample size was 460 (184 respondents and 276 nonrespondents). Of 
these 239 (52%) responded to the survey. The percentage of people who responded 
before the reminder was 56%, and 44% responded after the reminder.

The next section will shortly introduce a general framework in which nonre-
sponse and self-selection may be viewed. This framework will be used in the rest of 
the paper for the analysis and interpretation of the data.

Notes

1 Rijkswaterstaat Adviesdienst Verkeer en Vervoer
2 More information on the topic of the survey can be found at the website of the Nether-

lands Institute for Social Research/SCP at http://www.scp.nl/miss/mb.shtml
3 For a more detailed description of the panel see Stichting Selectieve Post http://www.ssp-

online.nl/
4 For a more detailed description of the sample (in Dutch), see De Jong (2005)
5 Most differences were evaluated by a chi square test at the .05 level of the hypothesis that 

the variables were independent. Ten numeric variables were compared using a t-test. The 
median and mean number of observations for all tests were 1415 and 1156, respectively.
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3 Theory on nonresponse and self-selection

Before the next sections will analyse the data, this section fi rst intends to show 
briefl y the three basic ideas behind problems and solutions to nonresponse, self-
selection and missing data in general.

The fi rst basic idea is that nonresponse (whether it is item or unit nonresponse) 
matters only when it is dependent upon the variable of interest. In that case the 
answers that were unobserved because they are missing are different from those that 
were observed, and one would make the wrong inferences if the observed answers 
alone were used. When nonresponse is not dependent upon the variable of interest 
the nonrespondents are ‘Missing Completely at Random’ (mcar) in the terminology 
of Little and Rubin (1987).

The second basic idea of this theory is that if the nonrespondents are not missing 
completely at random, there can be certain variables that are causing the dependen-
cies between the variable of interest and nonresponse (fi gure 2). This automatically 
means that within categories of these variables, nonresponse and the variable of 
interest will be independent of each other.

The third basic idea is that if these auxiliary variables were measured, one could 
therefore correct for the effects of nonresponse, without actually observing the missing 
answers. If all relevant auxiliary variables are measured, the nonresponse is termed 
‘Missing at Random given covariates’ (mar). The third basic idea states that cor-
recting the responses with the auxiliary variables, that is, covariates, makes the 
nonresponse ignorable. If such auxiliary variables do exist, but are not observed, the 
nonresponse is non-ignorable.

Figure 2 provides an example of a conceptual nonresponse model for the data used 
in this paper, expressed as a path model. It shows that the variable of interest and 
the nonresponse are uncorrelated given the auxiliary variables (education etc.). This 
means that the answers from the respondents will not differ from the answers of 
nonrespondents if their values on the auxiliary variables are controlled for. If educa-
tion, ethnicity, family composition, etc. are kept at the same values, there should 
no longer be any relationship between the variable of interest and response. Thus 
the use of these variables corrects for all nonresponse bias. In practice one can only 
assume that all the relevant variables have been controlled for–i.e., that mar holds.

The fi gure also shows that when one does not control for these variables, the cor-
relation between the variable of interest and nonresponse will be the path1

Sum over all auxiliary variables of
Path from auxiliary variables to variable of interest ×
Path from auxiliary variables to willingness ×
Path from willingness to nonresponse.
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Figure 2
Conceptual model for the nonresponse process. Arrows indicate an infl uence, while the absence 
of a line indicates that the variables are assumed uncorrelated given the other correlations in the 
model. Some correlations among the auxiliary variables (second row) have been omitted for the 
sake of clarity.

education ethnic minorities family composition other variables? 

response

perceptions of
mobility study
(MB2005-B)

response

follow-up study
(MB2005-BFU)

variable of interest 

willingness to participate/
difficulty to contact

To each item in this sum should also be added all possible paths from the auxiliary 
variable to the nonresponse through its correlation with the other auxiliary vari-
ables2.

This shows several things:
1. It is always the question whether all important auxiliary variables have been taken 

into account (hence the question mark in the fi gure). This can only be assumed, 
not confi rmed, although in some cases there may be evidence that important 
variables have been omitted, for example from previous studies on the same topic. 
Typically such studies provide information about the correlations between the 
auxiliary variables and nonresponse, or between the auxiliary variables and the 
variable of interest. At the same time, if very weak such correlations are found, 
this indicates that the measured variable in question does not a cause nonre-
sponse bias.

2. To cause bias–and correct for it–, auxiliary variables must both correlate with the 
variable of interest and with the willingness to participate. Evidence for the exist-
ence of both relationships must therefore be examined in any study that wishes to 
correct for nonresponse bias.



16

3. Willingness to participate is not the same as the decision to participate or not. 
A person who does not like surveys and/or is diffi cult to contact sometimes does 
respond, providing valuable information about nonrespondents. This is also 
evidenced by the fact that a part of the nonrespondents from our MB2005-B study 
did respond to the follow-up (see table 1). Thus, the picture provides an alternative 
representation of the conventional wisdom that reducing nonresponse prevents 
bias3. If unwilling respondents are convinced and diffi cult-to-contact respond-
ents found, usually at greater costs to the researcher, the strength of the relation-
ship between the willingness and diffi culty on the one hand and response on the 
other is reduced. If it is reduced enough, there will be no nonresponse bias. If it is 
reduced only to some extent there will still be some bias.

Table 1
The relationship between response in the fi rst study (FNR) and in the follow-up study. 

fi rst study MB2005-B

follow-up study respondent non-respondent total

nonresponse 46 25.00% 172 62.32% 218 47.39%

response 137 74.46% 93 33.70% 230 50.00%

ineligible 1 0.54% 11 3.99% 12 2.61%

total 184 276 460

The next section compares those people who responded in the MB2005-B study 
(‘former respondents’) with those who did not (‘former nonrespondents’). The rest 
of this text continues this terminology and the variable indicating whether a person 
was a former respondent or nonrespondent will be called ‘fnr’.

Notes

1 For an overview of path analysis and related models, see Bollen (1989).
2 This formulation applies only to numeric variables. An analogous formulation can be 

given for categorical variables in terms of the logarithm of the odds ratio of nonresponse 
versus response given the values of study and auxiliary variables (Hagenaars 1993).

3 That is, part of the bias that would have occurred if there had been more nonresponse 
is prevented. This does not mean that reducing nonresponse prevents all bias. Rather, 
it reduces the maximum amount of bias that can occur due to differences between 
respondents and nonrespondents.
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4 Bias analysis assuming completely random 
nonresponse

4.1 Comparison of the groups

Table 2 compares the former response and nonresponse groups, using only the data 
from those people who responded to our follow-up study1. After the discussion in 
the previous section, it can be seen which assumption underlies such a comparison: 
that both the item missing data and nonresponse in our study are unconditionally 
independent of the six study variables, or fnr, or both. That is, the analysis assumes 
that there are no variables on the second row of fi gure 2 that are connected to both 
the study variables and to willingness to participate or diffi culty to contact.

Table 2
Listwise deletion: comparison between the former response (R) and nonresponse (NR) groups.

pub. transport expensive exhaust fumes traffi c noise

R NR R NR R NR

% % % % % %

very cheap .7 0 no problem 2.2 4.5 no problem 6.1 10.2

2 1.5 0 2 5.2 11.2 2 18.2 20.5

3 5.2 3.4 3 19.4 16.9 3 33.3 25.0

4 10.4 15.7 4 36.6 30.3 4 28.8 33.0

5 30.6 32.6 serious problem 36.6 37.1 serious problem 13.6 11.4

6 34.3 25.8

very expensive 17.2 22.5

n=223,p=.46 n=223,p=.38 n=220,p=.54

attitude towards car att’d towards public transport attitude towards bicycle

R NR R NR R NR

% % % % % %

very negative 1.5 2.3 very negative 5.3 9.5 very negative .8 1.2

2 4.5 3.5 2 9.8 14.3 2 1.5 1.2

3 6.8 4.7 3 19.5 11.9 3 5.3 4.7

4 19.5 8.1 4 24.1 21.4 4 7.6 8.1

5 21.1 27.9 5 20.3 25.0 5 15.9 12.8

6 30.1 27.9 6 14.3 10.7 6 21.2 11.6

very positive 16.5 25.6 very positive 6.8 7.1 very positive 47.7 60.5

n=219,p=.20 n=217,p=.51 n=218,p=.56

Note: Sample size n is given directly below each table. p-values are shown of chi-square test of the hypothesis that the two 
variables are independent.
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Table 2 shows that although the tables of the study variables are not exactly the 
same, a chi-square test of the hypothesis that they were sampled from a population 
with equal tables cannot be rejected for any of the variables: no signifi cant differ-
ences were found. In some cases the expected cell count was too low to provide 
a reliable chi square statistic. In these cases categories were collapsed until the 
expected cell counts were above 5. This did not change the results.

In the table, the category ‘item missing’ for each variable is not shown. If it is 
included the differences are in each case highly signifi cant (p<.0001). The former 
nonresponse group thus leaves signifi cantly more answers blank than the former 
response group. In this sense the data quality appears to be lower among former 
nonrespondents than among respondents. It cannot be tested whether the nonre-
spondent’s data contain more random error, although if this were true we would 
expect greater variance in this group. Levene’s F test for the equality of variance 
shows that we cannot say this to be the case for any variable except for the variable 
problem with exhaust fumes. There the variance is indeed greater in the former 
nonrespondent group. No differences in variance are found between the before and 
after reminder groups.

The same tests were performed comparing the before and after reminder groups 
and produced the same decisions on the signifi cance of the statistic.

Table 3
Listwise deletion: comparison between the former response (R) and nonresponse (NR) groups 
with regard to the three background variables.

interest in cars highest education completed freq. visit friends or family

R NR R NR Pop.a

not at all int’d 9.6 10.5 primary school 6.6 8.6 4.0 once/wk+

2 5.9 2.9
L
lower sec’ry 23.5 26.7 28.1 2-3 times/wk

3 1.5 3.8 higher sec’ry 33.8 36.2 46.5 once a month

4 5.1 7.6 university 34.6 17.1 23.4 less often

5 14.0 4.8 other 0.7 1.0 never

6 15.4 12.4 missing 0.7 10.5 missing

7 20.6 13.3

8 17.6 14.3

9 5.9 6.7

extremely int’d 2.9 9.5

don’t know 0.0 1.0

missing 1.5 13.3

χ2(9)=14.5, p=0.11
χ2(11)=29.1, p=0.002

χ2(4)=6.8, p=0.14
χ2(5)=18.6, p=0.002

χ2(4)=6.4, p=0.17
χ2(5)=14.4, p=0.01

a Population statistics. Source: Statistics Netherlands (http://statline.cbs.nl/).

Note: The two chi square tests provided are for the tables without the category ‘item missing’ included in the analysis 
(above), and with ‘missing’ included (below). 
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The three background variables, interest in cars, education, and frequency of visiting 
friends, were also compared across the fnr groups. Table 3 shows the results of 
these comparisons.

The same is observed for these variables as for the study variables above: differences 
are not statistically signifi cant, but signifi cantly more item missing answers are 
found in the former nonresponse group compared with the former response group.

With regard to education, it can be seen in the table that the obtained percentages 
are not the same as they are in the population according to Statistics Netherlands. 
The response in the current study exhibits a ‘U’ shape in that low and high-educated 
people tend to respond more than people with an education in between those two 
values. For this reason we also computed weights based on the discrepancies. Since 
there is only one variable for which the population marginals are available, this 
computation was straightforward. However, performing the analysis shown above 
while weighting for education does not appreciably change the results. We also com-
pared the marginal of all variables in the questionnaire with and without weighting 
and found few differences. No difference larger than 1 percentage point was found 
while comparing the weighted and unweighted category percentages of all variables 
(except of course for education itself).

It was not possible to weight for any other background variables such as age and 
sex because the questionnaire did not ask for this information.

If the assumptions of listwise deletion are correct, we cannot conclude that former 
respondents and nonrespondents differed signifi cantly from each other on any of the 
study or background variables. Signifi cantly more item missing responses were given 
by former nonrespondents than by former respondents. Neither collapsing categories 
to increase the precision of the chi square test, nor weighting towards known popu-
lation marginals of education changes these conclusions. The same is observed when 
the before and after reminder groups are compared on these variables.

4.2 Are the assumptions met?

The previous section showed that if only the current respondents are used for 
analysis, and their missing values are listwise deleted, then no difference can be 
found between the former response and nonresponse groups. As the fi rst section 
explained, this would then suggest also that the original MB2005-A study contained 
no self-selection bias with respect to the variables studied here.

Many authors have suggested, however, that the approach taken so far of simply 
deleting missing information is in general a bad one (Little and Rubin 1987, Ouds-
hoorn et al. 1999, Voogt 2004). The reason is that the people who did not respond 
to our follow-up survey might have different opinions than those who did. This can 
mean that we would draw a different conclusion about the relationship between 
being a former respondent and the study variables if we had their answers as well. 
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Similarly, those who did send in the questionnaire but declined to answer certain 
questions might have a different opinion. We already saw that there is a strong relati-
onship between being a former nonrespondent and leaving some questions blank 
(the word nonresponse will be used to mean both item and unit nonresponse).

Many ways have been developed to deal with item and unit nonresponse, all of 
which rest on the same general idea (Little and Rubin 1987): although the person’s 
answer is not available, some other things may be known about him or her. Such 
knowledge may be used to infer a set of plausible values for the person’s opinion (see 
also fi gure 2). For example, one can know that the population distribution of edu-
cation is different from that obtained in our sample and so deduce the approximate 
distribution that education should have among the nonrespondents. It was already 
shown that weighting on this particular variable made no appreciable difference, 
however.

A different approach is to directly collect information about the nonrespondents 
via their postal code. Furthermore our second study also contains the important 
variable “former nonrespondent”, which is fully observed for all those that did not 
participate in the follow-up survey.

The crucial assumption of any corrections employing such variables is that the 
opinion of the nonrespondents is missing at random given the auxiliary variables 
(mar). As shown in the fi rst section, this implies that the auxiliary variables are 
both related to nonresponse and the study variables. If no evidence exists that this 
is the case, it would be better to stop the analysis since no correction can be done. 
However, that there is some evidence for both propositions. The next sections will 
review this evidence and discuss the method used to take into account both this 
additional information and the considerable uncertainty of estimates using it.

Evidence for mar?
The fi rst question that requires investigation is whether the study variables are 
indeed related to at least some variables that can be linked to the postal code.

In the same year as the original study (2004), Statistics Netherlands (cbs) conduc-
ted its recurring survey Permanent Survey of Living Conditions (pols/lso). In this 
survey the question was asked whether respondents experienced noise from traffi c 
and exhaust fumes as a problem. The categories were chosen differently than in our 
study: answering options were ‘yes’, ‘sometimes’, or ‘no’.

Although the variable measured by cbs is not exactly the same, it can at least be 
thought to tap into the same underlying opinion, namely the degree to which people 
experience noise and exhaust fumes from traffi c as a problem.

Differences in measurement errors between our and the cbs question can be 
expected as always when the question wording and categories are changed. Howe-
ver, from the Statistics Netherlands survey we can get two valuable pieces of infor-
mation for this study. First, we can compare the naive estimate of the number of 
people who experience problems from our sample with the estimate provided by 
Statistics Netherlands. If there are no large differences, there would not seem to be 
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any bias relative to the cbs study. If there are differences, this can be due either to 
measurement errors or to bias in the naive estimate.

Figure 3
The relationship of variables measuring the same concepts as two of the study variables with 
background information in an earlier study. Original source: statline.cbs.nl.
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The second piece of information that can be obtained is the relationship this opinion 
has with other variables in the cbs study such as age, region, urbanicity, education, 
employment status, and household composition. If no relationship exists, these vari-
ables should not be used to attempt to correct for the nonresponse and missing data. 
The reason is that for the assumption of Missing at Random to hold, the covariates 
should be related both to the missingness and to the experience of problems with 
traffi c. If there is a relationship this does not automatically mean that mar holds, 
however. That, in turn, depends on the variables’ relationship with the probability to 
respond to the survey.

The differences between the different groups are not extremely large, but present. 
Being older that 65 seems to make a difference, just as urbanicity. The largest dif-
ferences are found for employment status, while sex and household composition 
appear to make little difference2.

Another striking difference exists between our results and the results obtained 
by a slightly different question asked in the cbs study. It is very likely that to a large 
extent these differences can be attributed to differences in the questions. Especially 
the second question on exhaust fumes was rather different: the cbs study asked 
whether the respondent experienced problems with the ‘stench’ caused by traffi c, 
while the question we used was to what extent the exhaust fumes caused by traffi c 
are seen as a problem. Since one question explicitly mentions exhaust fumes and the 
other does not, while the wording is also different, we can expect large differences. 
But it cannot be ruled out that these differences are also at least partly due to nonres-
ponse bias.

Since the cbs study provides some hopes that information linkable to the postal 
code can be used to predict the study variables, we now turn to the question of 
whether variables can be found that are also related to being a nonrespondent.

Relationships between auxiliary variables and nonresponse
The second question that requires investigation is whether nonresponse and the 

auxiliary variables are related. One auxiliary variable that is already fully observed 
for all respondents and nonrespondents alike is whether they participated in the 
previous study or not (‘fnr’). This variable has a correlation of .35 with nonresponse 
in the present study.

In order to investigate the relationship of other auxiliary variables that can be 
obtained using the respondent’s postal code, we constructed a data set containing 
40 variables that could–at least partly3– be observed for the nonrespondents. A list 
of these variables is presented in table 4.
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Table 4
Auxiliary variables observed for nonrespondents. 

variable lvl of observation pr missing cor nonrsp

nonresponse in previous study (FNR) person 0 .35

age in 6 categories neighbourhood .10 -

no. cars neighbourhood .07 -

no. cars/surface neighbourhood .09 -

% employed neighbourhood .11 -

average income per person neighbourhood .22 -

address density neighbourhood .06 -

urbanicity neighbourhood .06 -

% self-employed neighbourhood .10 -

% on welfare neighbourhood .12 -

% university students neighbourhood .20 -

% immigrantsa neighbourhood .07 .10

 % non-western immigrantsa neighbourhood .07 .12

total no. people postal code .07 -

% female postal code .07 -

% households with kids postal code .07 -

% households w/o kids postal code .07 -.14

% single households postal code .07 -

% average number of people per household postal code .07 -

SCP ‘backwardness index’ postal code .07 -

SCP factorscore social status 2006 postal code .07 -

voter turnout in 2003 municipality .07 -

parties voted for in 2003, % municipality .07 -

% surface road municipality .07 -

% surface traffi c lanes municipality .07 -

% surface rail municipality .07 -

% surface airstrips municipality .07 -

region (north/east/south/west) municipality .06 -

a: ‘immigrants’ are defi ned by the Dutch government as people of whom at least one of the parents was born in a 
foreign country. ‘Non-western’ refers to particular foreign countries, notably Morocco, Turkey, Surinam, and the (former) 
Dutch Antilles.

Note: Omitted correlations indicate non-signifi cant relationships at the .05 level.

Besides these more or less ‘fully’ observed variables, the survey also recorded some 
possibly relevant background information on the respondents that may correlate 
with both study and other auxiliary variables:
1. Whether the survey was received after the reminder was sent or not;
2. How interested in cars;
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3. Highest education completed;
4. Frequency of visits to friends.

It can be seen in table 4 that although we collected a lot of auxiliary variables, few of 
them appear to be related to nonresponse. Two (average income and the percentage 
of university students) are one-fi fth missing themselves; these are excluded from the 
study as recommended by Oudshoorn et al. (1999). Where relationships do exist, they 
are rather weak. This does not preclude, however, that using them to adjust the dis-
tribution of the study variables will have some effect. Interaction effects may exist, 
and the relationship of auxiliary variables with other auxiliary variables can change 
the predictive distribution of the study variables as well. Thus, although the correla-
tions give an indication of the existing relationships, they do not tell the whole story.

In order to evaluate which variables could be used in an imputation model for the 
variables, a linear regression of each of the study variables on a selection of explora-
tory variables and their interactions was estimated.

The adjusted explained variance of these models using only the record linkage 
data is usually around .15. When the other study variables are added the adjusted 
explained variance is around .30. An exception is problem with exhaust fumes, 
which has a rather low explained variance. Estimating these models we found that 
controlling for other variables, the fnr coeffi cient was relatively high and statis-
tically signifi cant. Interactions with this variable also seemed to be important, 
suggesting that these interactions should also be included in the fi nal imputation 
models.

A notable fi nding at this stage is the correlation between fnr and ‘after reminder’ 
(.285). The ‘after reminder’ variable is often used as an indicator for willingness to 
respond. From the correlation obtained here we can conclude that there is some 
evidence that the number of reminders indeed has a relationship with nonresponse. 
To give an indication, if these variables were numeric, the estimated correlation 
coeffi cient between diffi culty to contact and reminders would be .350/ =.66 . 
Then the quality of this variable as a measure of diffi culty would be .43. This means 
that returning the questionnaire after the reminder was sent can in this case be seen 
as an indicator of diffi culty, though one with quite some measurement error.

Given these fi ndings one can not dismiss the hypothesis that there is nonresponse 
bias in the follow-up study and this bias is at least partly related to three measurable 
covariates. It is not sure whether the assumptions of the analysis that used listwise 
deletion are really met. The next section will therefore use auxiliary information to 
impute the missing information before repeating the comparison.



25Bias analysis assuming completely random nonresponse

Notes

1 This procedure is often called ‘listwise deletion’.
2 cbs did not publish standard errors for the 2004 data, but from the 2001 report it can be 

deduced that these are around 1 percentage point. The total sample size in that year was 
10035.

3 The fact that there was item missingness on the auxiliary variables was dealt with using a 
specifi c ‘chained equation’ approach, that will be explained below.
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5 Bias analysis assuming conditionally random 
nonresponse

The previous sections showed that there is some reason to expect differences between 
nonrespondents and respondents, and that therefore the comparison between former 
respondents and nonrespondents shown in table 2 may have been inaccurate.

This section will therefore compare the former respondents and nonrespondents 
while conditioning on the auxiliary variables. First the method by which this is done 
will be explained, after which the results of this conditional analysis are presented.

5.1 Multiple imputation

We tried to adjust the analysis of bias presented in table 2 by multiple imputation 
(Little and Rubin 1987, Rubin 1987). Multiple imputation requires the development 
of a model which can predict scores on each of the study variables. These imputation 
models are then estimated, and used to predict the missing scores of the nonrespond-
ents given their observed values on a set of auxiliary variables. The unique aspect of 
multiple imputation is that the uncertainty caused by the estimation of such models 
is taken into account by drawing a random value from the posterior distribution of 
predicted values for each person, and this is done several times rather than just once. 
This produces a number of different completed data sets on which any analysis of 
choice can be performed, combining the complete-data analyses to obtain an esti-
mate which corrects for nonresponse (under the assumption of mar) and at the same 
time takes into account the uncertainty the whole procedure adds to the analysis.

Here we will use multiple imputation to predict the missing scores of nonre-
spondents for the six study variables from their observed scores on the auxiliary 
variables presented in the previous section. We will produce 60 different completed 
data sets by multiple imputation, and combine them to examine differences between 
the former respondents and nonrespondents. In effect, we will simply repeat the 
analysis shown in table 2, but this time correcting for the auxiliary variables at hand, 
and the added uncertainty due to model estimation. As stated before, the crucial 
assumption for such a procedure to be correct is that the nonrespondents are ‘Miss-
ing at Random’, given their scores on the auxiliary variables.

Many auxiliary variables are available. It is therefore necessary to make a selection 
of predictor variables for inclusion in the imputation models. Van Buuren and Oud-
shoorn (1999) provided guidelines for the development of such models. Following 
these guidelines, the following variables were included as predictors in the imputa-
tion models:
1. The variable to be used in the fi nal analysis (former nonresponse or fnr);
2. Variables which are correlated or thought to be correlated with both current non-
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response and the study variable (interest in cars, education, frequency of visiting 
friends, reception after the reminder, percentage of immigrants in the neighbour-
hood and urbanicity were always included, together with the other study variables 
and as the interaction of interest in cars with fnr and percentage of immigrants 
with fnr);

3. Variables to do with the design of the survey, in our case a dummy variable indi-
cating whether the person lived in one of the four ‘big cities’ in the Netherlands, 
which was used to stratify the original sample.

Furthermore, some of these predictor variables were themselves partially missing 
(particularly those obtained from the second questionnaire). These missing predic-
tor variables were also imputed using respective models for their values. Neces-
sarily the imputations are then dependent on each other and either a multivariate 
or an iterative method must be used. In this study we used the iterative method of 
Van Buuren and Oudshoorn (1999) using the mice library and the statistical software 
R 2.6.0 (http://www.r-project.org/).

In this method, values for the missing responses are randomly drawn using the 
bayesian posterior distribution of the model parameters given the predictor vari-
ables at their currently imputed values. The missing values for other variables are 
then imputed given this previous imputation and the process is iterated over a preset 
number of times. This generates a Gibbs chain that converges to the joint posterior 
distribution of the variables under the model, if it exists. Plausible values of the miss-
ing data are generated in this way multiple times, producing multiple imputations. 
Rubin (1987) showed that for any statistical analysis these multiple imputations can 
be combined in a certain way after performing this analysis on each completed data 
set separately. This produces estimates that are unbiased under the model and whose 
standard errors take into account the uncertainty due to the uncertainty about the 
model parameters.

In our study we encountered two distinct hurdles to the regular method of multi-
ple imputation.

First, we combined our own records with records obtained from the statistics 
offi ce. As table 4 shows, not all of these records were measured at the same level 
of analysis. Consequently for some people in our sample, we have several possi-
ble matches to the auxiliary data (on average there were about 4 possible matches 
to each person). One solution would be to combine the possible matches for each 
person into one average. However, this would introduce even more measurement 
error in the auxiliary variables than there already is. Furthermore, the uncertainty 
due to combining the estimates would not be taken into account. For these reasons 
we made the record linkage a part of the multiple imputation by randomly select-
ing one matching record per person for each of the multiple imputations. Larsen 
(1999) showed that the probability that two records match can be made a part of the 
imputation model. Since we have taken the simpler approach of selecting a match 
at random some more variability is introduced across the imputations than strictly 
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necessary. To counter the amount of this added between-imputation variability, we 
decided to produce more multiply imputed data sets than typically used: sixty data 
sets were generated in total.

The second issue that needed to be dealt with was eligibility. A small part of 
the questionnaires came back blank with a note at the bottom explaining that the 
person in question had died, was “too old to answer”, or otherwise not eligible to 
be included in the sample. One can expect that the same is true in the nonresponse 
group. To deal with this, we experimented with modelling eligibility as part of the 
imputations. However, due to the relatively small number of ineligible units (about 
3%) and the lack of any satisfactory predictors, such a model was deemed infeasible. 
We therefore set the probability that each nonresponding unit was not eligible to be 
in the sample to 3%. Sample units which were found or imputed to be ineligible were 
then deleted from the sample before the rest of the chain was run. Consequently 
each of the multiply imputed data sets has a different sample size.

Thus, the steps followed in the imputation process were:
1. Link one random record from the (on average about 4) possible neighbourhood 

level records that can be linked to each respondent. The result is a data set with 
460 rows;

2. For the nonrespondents, impute a value that indicates that respondent was ineli-
gible with a probability of .03. Remove the ineligible and imputed-to-be-ineligible 
units from the data set;

3. Select the variables mentioned above from the data (see appendix 8 for more 
details);

4. Run the Gibbs chain using mice for 40 iterations, producing one complete data set;
5. Compute the likelihood ratio and loglinear parameters for the model hypothesis-

ing the independence of former nonresponse (fnr) and the study variables;
6. Repeat steps one through fi ve 60 times.

For an overview of the models and predictors used, please see appendix 8.
The hypotheses to be tested are the independence of the fnr variable and each of 

the six study variables. This was implemented by estimating loglinear models and 
combining the likelihood ratio statistics described in Meng and Rubin (1992) into an 
F-statistic. This procedure is the multiple imputation variant of the chi square tests 
shown in table 2. The next section presents the results of these efforts.

5.2 Comparison of the groups, revisited

Using the procedure outlined above, 60 data sets were generated and subsequently 
combined to produce table 5.

Table 5 shows that after multiple imputation, a difference was found for one vari-
able: attitude towards the bicycle1. This is mostly because according to our imputa-
tion model, former respondents were much more interested in cars and less educated 
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than former nonrespondents (the estimated correlations between these variables 
and fnr across all imputations are -.39, and -.22, respectively). Being interested in 
cars and education level are, in turn, related to attitude towards the bicycle.

Table 5
Multiple imputation: comparison between the former response (R) and nonresponse (NR) 
groups. 

pub. transport expensive exhaust fumes traffi c noise

R NR R NR R NR

% % % % % %

1 0.7 0.3 1 2.8 3.8 1 10.6 8.2

2 1.8 0.6 2 5.9 8.9 2 20.3 19.9

3 5.9 4.0 3 19.4 19.0 3 30.8 28.2

4 14.5 13.3 4 35.3 33.7 4 26.6 31.8

5 29.4 31.1 5 36.7 34.6 5 11.6 11.8

6 32.0 29.8

7 15.5 20.8

p=0.0561 p=0.1604 p=0.1120

attitude towards car att’d towards public transport attitude towards bicycle

R NR R NR R NR

% % % % % %

1 1.1 2.0 1 4.6 6.9 1 0.8 0.8

2 3.3 4.3 2 9.1 11.3 2 1.3 1.0

3 5.4 6.3 3 17.0 14.6 3 16.3 4.6

4 14.4 13.3 4 22.6 22.2 4 9.8 7.3

5 17.2 23.5 5 23.2 24.2 5 16.1 13.7

6 24.5 27.9 6 15.0 13.3 6 17.7 13.9

7 34.1 22.8 7 8.5 7.3 7 38.1 58.7

p=0.0361 p=0.2027 p=0.0000

Note: p-values indicate pooled p-values across all 60 imputations of the likelihood ratio test that the two variables are 
independent. (The bonferroni-corrected alpha-value equals .008.) 

No such differences were found between current respondents and nonrespondents, 
or between early and late respondents.

The fact that no differences were found between respondents and nonrespond-
ents to the follow-up after multiple imputation suggests that the interviewing of 
former MB2005-B nonrespondents provided enough information about these people. 
However, because former nonrespondents participated signifi cantly less in our 
current survey, the frequency table, mean, and relationships of the Bicycle variable 
are distorted if only the current respondents’ data are used. For the other variables 
this was not found. It should be noted, however, that the variable ‘attitude towards 
the car’ exhibits a similar difference, although not statistically signifi cant after a 
bonferroni correction for multiple comparisons.
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Note

1 These results were checked using the ice library for multiple imputation in STATA and an 
ordinal probit model to evaluate the differences. The conclusions based on this method 
were the same as those presented here. See http://www.ats.ucla.edu/STAT/stata/library/
ice.htm
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6 Conclusion

In an earlier study, a sample from a nonrandom group and a random population 
sample with nonresponse were compared on many variables and few or no differ-
ences were found. In order to judge whether this was because the nonrandom sample 
was accurate or the random sample inaccurate, this study recontacted nonrespond-
ents and respondents from the random sample with a much shorter questionnaire 
and compared their answers on six central questions.

In the fi rst part of this paper it was found that many, though not all, of the former 
nonrespondents are again nonrespondents in our follow-up study in spite of a drasti-
cally shorter questionnaire, sending of reminders, and (modest) prepaid incentives. 
If only the respondents to the follow-up survey are split up into a former response 
and former nonresponse group, then no differences between these two groups are 
found. A comparison that assumes the nonrespondents are missing ‘completely 
at random’ (mcar) thus suggests that there was no nonresponse bias in the origi-
nal MB2005-B study, and therefore also that there was no self-selection bias in the 
MB2005-A study.

Section 4. argued that the mcar assumption may be false. Therefore, the second 
part of this paper attempted to adjust for nonresponse in the present study by using 
auxiliary information obtained via postal (postal) codes and the “former nonre-
sponse” variable. The method of multiple imputation adjusted the fi nal difference 
tests for the considerable uncertainty in the estimates obtained by linking postal 
code records to respondents, not knowing what units were eligible, and estimating 
parameters of imputation models from the data obtained from 223 people. After this 
procedure was applied, no differences were found for four variables, one variable 
seemed to change but the difference was not statistically signifi cant, and for one 
variable a difference was indeed found between the groups after multiple imputa-
tion.

The implication of this fi nding is that for one of the six study variables–if our 
model holds–the original fi ndings were distorted: too few people with a positive atti-
tude towards the bicycle were selected in the fi rst study, so that population estimates 
of attitudes towards the bicycle in the Netherlands using those data were biased 
downwards. This suggest also that the original convenience sample survey (MB2005-
A) experienced similar a problem.

One aspect of the result which should be noted is that the auxiliary variables that 
allowed for this correction were not so much those obtained via record linkage, but 
more those collected for substantive reasons (interest in cars and education), and by 
the study design (former response/nonresponse) and their interactions. The record 
linkage data likely contain much measurement error, which obstructed their predic-
tion power. The ‘useful’ variables can in principle be obtained by any survey agency, 
except that the fi eldwork time of course lengthens due to having to do a second 
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interviewing round. This fi nding coincides with Stoop (2005)’s recommendation to 
collect as much auxiliary information as possible on nonrespondents.

At the same time and in spite of the considerable efforts expended here to inves-
tigate the effects of nonresponse bias, it was found that none could be detected for 
the fi ve other study variables. If one is willing to assume that all relevant auxiliary 
information has been taken into account (see fi gure 1), this suggests that for these 
variables apparently the nonresponse and self-selection processes caused no particu-
lar bias.

The overall conclusion we draw is that nonresponse and self-selection bias in this 
case occur for one variable, but not for others. This suggests that one can not make 
general statements about whether nonresponse in a sample survey or self-selection 
in convenience samples is good or bad; it depends on the variable under study. 
This paper showed the assumptions necessary to make inferences from a conven-
ience sample or a random sample with nonresponse. Under some conditions these 
assumptions can be reasonable, while in other situations they will be false. But with-
out a pre-existing study of response patterns for the particular topic and variable 
being studied, the researcher does not know which of these two situations applies. 
Furthermore, the effort that is required to perform a principled analysis of such data 
is considerable, involving several modelling steps, assumptions, use of special soft-
ware, careful examination of the intermediate results, etc. (see also Oudshoorn et al. 
1999, who made the same observation).

For these reasons, in most applications a random sample combined with efforts 
to reduce nonresponse as much as is reasonable (Stoop 2005) is likely to be more 
fruitful than a ‘corrected’ nonrandom survey or sample with nonresponse. However, 
in situations where random sampling is not tractable or nonresponse can not be 
helped, a thorough study of the connection between response and the study vari-
ables, in combination with efforts to collect auxiliary data can provide another route 
to inference. This route is, however, much more labour-intensive for researchers and 
can be diffi cult to justify due to the assumptions that lay behind it.
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Table 6
The imputation model for each variable.

variable imputation method

nonresponse in study 1 (FNR) -

interest in cars norm

FNR × Interest in cars passive

ptg. age > 65 norm

after reminder logreg

turnout norm

ptg. women norm

avg. income p.p. norm

big city logreg

ptg. non-western allochtoon norm

FNR × allochtoon passive

ptg. households of > person w/o children norm

education completed polyreg

frequency of visiting friends polyreg

pub. transport expensive pmm

problem: exhaust fumes pmm

problem: traffi c noise pmm

attitude towards car pmm

attitude towards pub. transport pmm

attitude towards bicycle pmm

Note: pmm: predictive mean matching, norm: bayesian linear regression, polyreg: polytomous regression, logreg: logistic 
regression, passive: passive imputation.

Figure 4: Convergence of the imputed values for two test chains, one of length 
100, the other of 1000. Based on these graphics a chain length of 40 was chosen 
rather than the default 5. The slowness of the convergence is likely due to the large 
amounts of missing values and high correlations between the variables, including 
the two interactions. For extreme results of the likelihood ratio tests described 
above, similar plots were scanned for anomalies but none were found.
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