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Chapter 9

Nonresponse Adjustment in
Mixed Mode Surveys

Nowadays it is common practice to combine data collection modes in one survey.
In this chapter we provide an overview of different data collection modes and
their combined use, so-called mixed mode surveys. In this chapter, we first
describe mixed mode data collection. Next, we discuss the use of combined data
from mixed mode surveys for statistical inference. We thereby focus on methods
to adjust for nonresponse bias in mixed mode surveys.

9.1 Introduction

In Chapter 3 we analysed the nonresponse to the first round of the Dutch Labour
Force Survey. This is a CAPI survey. We re-approached nonrespondents to the
Dutch LFS using a combination of CATI, mail- and web surveys, see Chapter
4. These are some examples of the various data collection modes that can be
used to conduct household surveys.

Modes differ in various aspects. In Chapter 7 we showed how CAPI and CATI
differ in coverage. With CATI, only households with a listed land-line telephone
can be reached whereas CAPI does not have this restriction. However, CAPI
is much more expensive due to the assistance of interviewers that travel to the
selected addresses. The mail survey in the re-approach of the nonrespondents
to the Dutch LFS (Chapter 4) had a very low response rate. Also, the response
to the web survey was low. Moreover, for web surveys it is known that not
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everybody has an internet connection and/or the ability to use the internet to
answer surveys. However, the mail and web surveys were chosen because of their
lower costs compared to CAPI and CATI.

Because each individual data collection mode has its shortcomings and its
benefits, mixing data collection modes provides an opportunity to compensate
for the weakness of each individual mode. This can reduce survey costs and
at the same time increase the response. It may even be possible to reduce the
selectivity of the response beforehand. For this purpose, sampled persons or
households can be allocated to a specific mode based on known background
characteristics. If a specific group in the population does not participate in one
mode and these persons are willing to participate in another mode, this will
reduce the selectivity of the response.

This chapter begins with an introduction to mixed mode surveys. First,
we discuss mode differences and mode effects in section 9.2. In section 9.3 we
introduce a number of designs for mixed mode surveys. Next, we discuss the
integration of data from different modes. We describe how we can combine data
collected by different modes for nonresponse adjustment in section 9.4. We do
not regard measurement errors and coverage errors, but instead we focus on
nonresponse bias alone. In section 9.5 we present three approaches that can be
followed to adjust for nonresponse bias in mixed mode surveys. The approaches
vary from straightforward linear weighting to a simultaneous approach that
makes use of the available paradata in each mode. A description of paradata
is provided in section 9.4.2. In section 9.6 we illustrate the approaches by an
application to the pilot Safety Monitor. The three approaches are not exhaustive,
and there are some unresolved issues. Therefore, section 9.7 ends this chapter
with concluding remarks and suggestions for further research.

9.2 Data collection modes

9.2.1 Introduction

The data collection mode is the means of communication by which the ques-
tionnaire is presented to the sample elements and by which the answers are
registered. An important aspect of data collection modes, is how they are ad-
ministered. A distinction is made between interviewer-assisted modes and self-
administered questionnaires. Another main aspect is the way the data is col-
lected (laptop, telephone, mail or web). Based on these aspects, we can make the
following distinction between modes, see table 9.1. The addition of an ‘I’ stands
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Table 9.1: Different data collection modes

Administration
Data collection by Interviewer Self
Laptop CAPI CASQ
Telephone CATI IVR
Mail PAPI mail survey
Web CAWI web survey

for Interview and refers to interviewer-assisted modes. ‘CA’ refers to Computer
Assisted. ‘P’, ‘T’ and ‘W’ stand for different Personal, Telephone and Web.
‘SQ’ means Self-administered Questionnaire. ‘PAPI’ stands for Paper And Pen-
cil Interview, and ‘IVR’ for Interactive Voice Response, which is an automated
telephone interviewing system, Couper (2005).

The most common modes in survey research are CAPI, CATI, mail and web
surveys (see also Pierzchala, 2006). In this chapter we focus on these four modes.
CAPI stands for Computer Assisted Personal Interview. The interviewer visits
respondents at home and administers the computerised questionnaire from a lap-
top. CAPI surveys are often referred to as face-to-face surveys, however a face-
to-face survey can also be a personal interview where the interviewer answers
the questions and records the respondents’ answers on a paper questionnaire.
CAPI surveys allow for a long, complex routing structure of the questionnaire
because the routes are controlled by the computer. Furthermore, the data can be
checked and corrected during the interview. Besides that, more complex surveys
can be conducted due to the assistance of the interviewer that can explain the
questions and probe for accurate answers. Furthermore, the interviewer can use
tactics to gain cooperation from the respondents, for example by employing the
leverage-salience theory described in Chapter 2. Visual aids can be used when
needed, for example response cards. In general, CAPI interviews have a high re-
sponse rate due to the interaction between the interviewer and the respondent.
The interviewer can build rapport and confidence in the interaction with the
respondent. CAPI surveys have a high coverage of the population.

Thus, the advantages are manifold and, therefore, in general CAPI has the
highest data quality. However, there are also disadvantages associated with
CAPI. These disadvantages are mainly caused by the interviewers. First, there
are high costs associated with the interviewers travelling to the respondents. Fur-
thermore, some types of questions are sensitive to social desirability bias caused
by the interviewer presence, see also section 9.2.3. In addition, the interviewer
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behaviour may lead to interviewer effects; often referred to as interviewer vari-
ance. Sample elements are clustered within interviewers. As interviewers have
their own way of acting and reacting this may cause a cluster effect, or inter-
viewer variance. To prevent interviewer variance, interviewer procedures can be
standardized. An example of a standardized procedure is the contact strategy
presented in Chapter 3.

CATI stands for Computer Assisted Telephone Interviewing. Like in CAPI,
the questionnaire is computerised, but in CATI it is administered over the tele-
phone. Originally, it is implemented by use of a central call centre, where a call
management system is used to distribute telephone numbers over the interview-
ers present. This allows for an optimal exploitation of the sample, in contrast
to CAPI where there is usually a higher proportion of unprocessed cases due to
interviewer illness or vacation. In CAPI it is more cumbersome to re-distribute
addresses to other interviewers in case the interviewer becomes ill, whereas with
a centralised CATI system the call management system keeps track of all sam-
ple elements and can therefore easily re-distribute sample elements. Technologies
that facilitate decentralised CATI surveys are, for example, the interviewer per-
forming a CATI survey from home as is done in Sweden since the mid 1980s
(Bergman et al. 1994). Because of the interviewer assistance, CATI is similar
to CAPI. However, there are some important distinctions between these two
modes. First of all, CATI is less prone to interviewer variance and social desir-
ability bias because of the less personal communication channel. Some research
seems to indicate that respondents are more inclined to answer sensitive ques-
tions in CATI (than in CAPI). Also, CATI surveys are more easy to set up
and hence can be performed more quickly than CAPI. They are less expensive
because no travel costs are involved.

Compared to CAPI, CATI is however less flexible in the sense that the
questions cannot be very complicated, no visual aids can be used and the optimal
duration of an interview is shorter than in CAPI surveys (approximately 30
minutes, Biemer and Lyberg 2003). The interviewers in CATI can make less
rapport to the respondents, which leads to less probing for accurate answers and
less persuading power to enhance participation. As a consequence, the response
rates in CATI surveys are usually lower. And last but not least, the coverage
of CATI surveys is lower than CAPI surveys. Sample elements without a listed
telephone are not covered by CATI surveys.

Mail surveys are frequently referred to as PAPI. This is not deemed fit as the
extension ‘I’ refers to an interviewer present and this is not the case with a mail
survey. When an interviewer is present, mail surveys should be referred to as
face-to-face surveys. In a mail survey, a paper questionnaire is sent to a sample
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element, who answers the questions without interviewer assistance and sends
it back over the mail. Mail surveys are self-administered. The main difference
with CAPI and CATI is the absence of an interviewer. Therefore, the quality
in a mail survey depends heavily on the questionnaire design. Compared to
CAPI and CATI surveys, mail surveys are inexpensive. Furthermore, there is a
reduced risk of social desirability bias. Compared to CATI surveys, an advantage
of mail surveys is the possibility to use visual aids. Plus, the respondents can
answer the questions whenever they like and they have more time to think
about the questions and give more thoughtful answers. Like CAPI surveys, mail
surveys have a high coverage of the population. However, mail surveys lack
the advantages of interviewer assistance. Therefore, the response rate to a mail
survey is lower than for interviewer-assisted surveys. The questionnaire cannot
be too complicated and there is a larger risk of item nonresponse. Additionally,
mail surveys need a longer fieldwork period as well as a longer processing time
due to the data entry and editing afterwards. There is no control over the
response process, which complicates the calculation of response rates and the
adjustment for nonresponse. The type of response is unknown, it is only observed
whether completed questionnaires are returned, or not.

Web surveys are often mistakenly referred to as CAWI. In a web survey the
respondent is invited to a web page where the questionnaire is found. There
is no interviewer present. A survey is CAWI when assistance is provided by
means of a web cam, but this situation is very uncommon. Web surveys are self-
administered surveys like mail surveys, therefore sharing the advantages of a
lower risk of social desirability bias and lower costs. Likewise, the disadvantages
of self-administered surveys concern the lack of interviewer assistance in gain-
ing cooperation and probing for accurate answers. Compared to mail surveys,
web surveys have more questionnaire design choices. Also, the data collection
process is more controlled by using computerised questionnaires. This facili-
tates routing and data editing during the fieldwork which reduces the risk of
measurement errors and makes it possible to use more complex questionnaires.
However, compared to mail surveys web surveys have a lower coverage. The part
of the population that has no access to the internet cannot be reached. Another
issue in web surveys concerns the confidentiality and security of sending infor-
mation over the internet. Finally, the risk of drop-outs is high because there is
no interviewer present to stimulate participation.

Another development in survey research is the use of administrative data, or
registers. Statistics Netherlands is by law obliged to use data from registers for
the production of statistics, unless these data fail to meet certain quality require-
ments (timeliness, completeness, accuracy), see the act of Statistics’ Netherlands
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(2004) (in Dutch: Wet op het Centraal Bureau voor de Statistiek). A lot of re-
search is devoted to the use of registers in the production of statistics, see for
example Wallgren and Wallgren (2007). The advantage of registers is, that the
data already exists and is hence relatively inexpensive to use. Furthermore, the
response burden is greatly reduced by not asking respondents the same infor-
mation twice. However, registers may have some disadvantages as well. As the
data in registers is collected, updated and coded by an organisation other than
the survey organisation, the data collection process is not controlled by the sur-
vey organisation. This change of roles makes it hard to judge the quality of the
obtained data. The quality of the data strongly depends on the importance for
and use by the register holder, as well as its means to process and control data.
Furthermore, there may be conceptual differences leading to other definitions
of data. As most organisations that have a register are not primarily aimed at
producing statistics, there usually is no knowledge of statistics involved in the
data collection process which may lead to imperfect data (erroneous or not-
missing-at-random). Registers can also be employed as one of the modes in a
mixed mode data collection design. For instance, if the register does not cover
the entire population and a survey is conducted to complete the information.
However, describing the use of registers is beyond the scope of this thesis and
in the remainder of this chapter we do not regard registers anymore.

To summarise, CAPI, CATI and web surveys share advantages of CAI as
described in the introduction to this chapter. CATI and CAPI surveys have the
advantage of interviewer assistance. Mail and web surveys are cheaper, and do
not have the disadvantage of interviewer variance and social desirability bias
caused by the interviewers. In self-administered data collection modes like mail
and web surveys, the survey topic plays a larger role in the response process,
possibly leading to a more selective response. As De Leeuw (1992) notes, the
largest mode difference is caused by the difference in administration: interviewer-
assisted versus self-administered. We describe mode differences in more detail
in the following section. Then, in section 9.2.3 we focus on the effects of these
differences when combining modes in a mixed mode survey setting.

9.2.2 Mode differences

De Leeuw (1992) performed a meta-analysis on face-to-face and telephone sur-
veys and considered several aspects of data quality. She concluded that differ-
ences in data quality between well conducted face-to-face and telephone surveys
are small. This conclusion is in line with Groves (1989), who states that the
most consistent finding in studies comparing responses in face-to-face and tele-
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phone surveys is the lack of difference between the two modes. Snijkers (2002)
compares CATI to CAPI with respect to cost and quality. The advantages of
CATI concern the efficient use of hardware and software (in case of centralised
telephone interviewing), the immediate availability of the data and the reduced
costs because the interviewers do not make travel costs and a smaller number
of interviewers is needed for the same number of interviews.

The main difference between a CAPI and a CATI survey is the way of com-
municating. Groves (1989) distinguishes two differences: the ‘channel capacity’
and the ‘intimacy of the social interaction’. A face-to-face survey is capable of
carrying more types of messages (e.g. non-verbal). Telephone calls received from
strangers tend to be short interactions (more frequently used for business pur-
poses) and the intimacy of the social interaction is less personal. Snijkers (2002)
states that due to the use of the telephone as a communication medium, tele-
phone interviewing is only adequate for simple questions that can be answered
instantaneously and that need little time to input the answers. This implies a
questionnaire with simple question wordings, short lists of response categories
in closed-ended questions and a shorter duration of the questionnaire.

De Leeuw (2005) presents an extensive overview of the advantages and dis-
advantages of mixed mode survey designs, thereby distinguishing between the
use of multiple modes in the contact phase and the actual data collection phase.
In this chapter, we focus solely on multiple modes for data collection. In her
research, De Leeuw (2005) emphasizes the difference in cognitive burden, i.e. the
burden of the processing of information related to the decision making, of the
modes. She thereby adheres to the stimulus-response model of survey responding
(Tourangeau and Rasinski, 1988, Snijkers, 2002, Ariel et al., 2008). According
to this model, the cognitive process of survey response can be divided into four
phases. In each of the phases, the respondent has to perform cognitive tasks
that can be different across modes. The first phase concerns the interpretation
and comprehension of the question. This depends on question wording, syntax,
length, order, perceived sensitivity and the response categories. Then, the in-
formation has to be retrieved from either the respondents’ memory or other
sources. This second phase depends on the type of information that is being
asked, whether this is for instance factual, attitudinal or proxy. Phase three
concerns the judgement. In this phase the respondent uses the retrieved infor-
mation to form an internal answer. The retrieved information is integrated and
evaluated. The judgement of the answer depends on the consistency with prior
answers, or with social desirability. These two steps together, the information
retrieval and judgement, can be seen as the information transmission phase.
And last, the respondent reports the answer by comparing the internal answer
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with the response options or by reporting the answer in the requested quantity.
For this phase it is crucial that the respondent comprehends the wording of the
response options.

Based on the response-stimulus model, Pierzchala (2006) identifies attributes
of surveys that affect cognition and response. Seven aspects of modes are con-
sidered, being: presentation, transmission of response, segmentation of the ques-
tionnaire, dynamic or passive medium, type of administration, who/what deter-
mines the pace of the interview and the channel of communication. De Leeuw
(2005) groups these factors into three classes: medium-related factors (presenta-
tion, transmission, segmentation and dynamic/passive), factors concerning the
information transmission (administration, pace and channel of communication)
and interviewer effects. Interviewer effects interact with medium-related factors
and information transmission factors. Pierzchala (2006) investigates what as-
pects are responsible for most mode effects. He identifies three so-called critical
dimensions. These are: an aural versus a visual presentation, self-administered
versus interviewer-administered, and dynamic versus passive nature of the ques-
tionnaire1. The first and third dimension relate to the information transmission,
and the second is medium related. Based on these three dimensions, Pierzchala
(2006) introduces disparate modes as modes that differ on at least one of these
dimensions. Furthermore, the larger the degree of disparity, the higher the risk
of mode effects. See table 9.2. In this table, ‘na’ stands for not applicable.

CAPI and CATI are similar in presentation, administration and in the dy-
namic nature of the questionnaire. Accordingly, we describe the degree of dis-
parity of the other modes with respect to both CAPI and CATI. Web surveys
also have a dynamic questionnaire. But the presentation is visually and web
surveys are self-administered. Therefore the degree of disparity between web
surveys and CAPI/CATI surveys is 2. Mail surveys share none of the aspects
with CAPI/CATI, the degree of disparity therefore is 3. Mail surveys and web
surveys are similar in self-administration and visual presentation, however mail

1CAI-questionnaires are dynamic and paper questionnaires are passive.

Table 9.2: Degree of disparity between data collection modes

Mode combination CAPI/CATI Mail Web
CAPI/CATI na 3 2
Mail 3 na 1
Web 2 1 na
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surveys have a passive questionnaire. Their degree of disparity is 1. Hence, the
largest mode differences are expected for a combination of mail surveys and
CAPI or CATI, followed by web surveys and CAPI or CATI surveys. A combi-
nation of mail and web surveys has a reduced risk of mode effects. Combining
CAPI and CATI is the safest option to avoid mode effects.

However, there are other aspects that play a role when choosing which modes
to mix. Roberts (2007) identifies budget restrictions, timeliness and the avail-
able infrastructure to facilitate mixed mode designs. Biemer and Lyberg (2003)
discuss factors that influence the decision process in choosing modes. These are:
the desired level of data quality, the available budget and time, and the specific
content of the survey (types of questions, length of survey, complexity of the
questions, need for visual aids). Furthermore, they acknowledge that choosing
an optimal design is especially difficult in situations where there are a lot of
options.

Example 9.2.1 Choosing a mixed mode design
In 2005 - 2007, Statistics Netherlands has performed four mixed mode pilots.
The aim of this research was to determine an optimal mixed mode design for the
surveys from Statistics Netherlands. See Janssen et al. (2007) for a preliminary
outcome of the research. Statistics Netherlands’ primary interest was reducing
the costs of data collection, while preserving the quality of the data. Especially,
the possibilities for using a web survey as one of the data collection modes were
investigated. The pilots were conducted on three different surveys. Three of the
pilots were linked to a reference survey which was conducted approximately at
the same time. In all surveys, the sample elements were persons. Table 9.3 gives
an overview of the pilots together with their basic design. Where ‘ICT’ refers
to the survey about Information- and Communication Technology, ‘SM’ stands

Table 9.3: Details of the four pilots at Statistics Netherlands in 2005 to 2007

Pilot Modes in pilot Size Original mode Period Population
ICT I: Web, mail 8,691 CATI 2005 12 - 74 y

II: CATI, Web, mail 1,832 2005
SM-1 Web, CATI, CAPI 3,750 CATI/CAPI 2006 > 14 y
SM-2 Web, CATI, CAPI 3,000 CATI/CAPI 2007 > 15 y
IE CAPI 1,857 No reference 2006 > 15 y

Web, mail → CATI 1,867 2006
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for Safety Monitor and ‘IE’ refers to the Informal Economy Survey. In table
9.4 we present the mixed mode strategies used in the pilots. In three of the
four pilots the mixed mode strategy consisted of a sequence of attempts with
different modes. In the pilots a maximum of four attempts can be distinguished.
In case of a web survey, the respondent was sent an advance letter containing
a login to a secured Statistics Netherlands’ website. In case mail was combined
with web, the respondent could also apply for a paper questionnaire by a return
postcard. The first pilot was linked to the ICT survey. This survey is CATI and
deals with the usage and knowledge of ICT within households and by individ-
uals. The pilot was directed at the design of mixed mode strategies including
web as a mode, the composition and size of response in such strategies and the
logistics that are concerned with the data collection. In the pilot two groups
were formed. The first group was a new sample. In the third attempt this group
received a reminder either by mail or by telephone. The second group consisted
of nonrespondents (refusals and non-contacts) in the regular ICT survey. Hence,
their first attempt was CATI. The subsequent attempts mimicked that of the
first group, but without telephone reminders. From the results of the ICT pi-
lot, Janssen (2006) concluded that it is technically and logistically possible to
incorporate web surveys into survey designs of Statistics Netherlands. Further-
more, he found that the telephone reminder resulted in a small, cost-ineffective
increase in response rate.

The ICT pilot formed the basis for logistic infrastructure in the other pilots.
The second and third pilot both have the Safety Monitor as the survey of refer-
ence. The main topics of the Safety Monitor are the perception of security and
police performance. The survey itself is a mix of CAPI and CATI. Persons with
a listed land-line telephone are interviewed in CATI, the remaining persons are
interviewed CAPI. We will refer to the pilots as SM-1 and SM-2. The pilots

Table 9.4: The mixed mode strategies in the four pilots

Approach Pilot
ICT SM 1 & 2 IE

I II
1 Web/mail CATI Web Web/mail
2 Web Web/mail Web Web
3 Web/mail Web Web Web/mail
4 Web/mail CAPI/CATI CATI
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differ from the regular survey since CAPI/CATI is preceded by a web survey.
SM-2 was designed following the conclusions and recommendations of the pilot
SM-1 and is, therefore, a continuation of that pilot. In both pilots all persons
first received an advance letter with a login that gave access to a website where
they could fill in a web questionnaire. Nonrespondents were assigned to CATI
in case they had a listed land-line telephone, and otherwise were assigned to
CAPI.

The main difference between the two pilots, is that in SM-2 respondents were
made aware of the (interviewer assisted) follow-up survey in case of nonresponse
to the web survey. This resulted in a higher initial response to the web survey,
and less refusals in the follow-up survey. Apparently, the announcement of the
follow-up led to less irritation with the respondents, which resulted in a higher
response in the follow-up. Furthermore, it is possible that respondents wanted
to avoid the visit of an interviewer and therefore the announcement led to an
increase in the response to the web survey.

The third pilot, Informal Economy, was not linked to an existing survey. It
deals with undeclared labour, or black wages. Within the pilot it was decided
to allocate one half of the sample to CAPI and one half of the sample to a mix
of web/mail and CATI. Like the pilots SM-1 and SM-2, the second half of the
sample received a letter with a web login and an application form for a paper
questionnaire. Nonrespondents were assigned to CATI, but only if they had a
listed land-line telephone. No attempts were made to contact nonrespondents
without a telephone. Hence, for this pilot we compare the two strategies where
the CAPI survey can be regarded as the reference survey. This pilot is referred
to as IE.

In general, it was possible to realise a (direct) cost reduction of 25%. How-
ever, the response obtained in the web survey did not exceed 35%. Therefore, it
was decided that web surveys should always be combined with other data collec-
tion modes. This conclusion is in line with Biemer and Lyberg (2003). Janssen et
al. (2007) suspect though that it is possible to obtain a higher response. A large
number of persons indicated that they forgot to answer the questionnaire, did
not feel like it or were too busy. They recommend further fine tuning of the field-
work strategy for web surveys to convert these nonrespondents to respondents,
for instance by using incentives. �
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9.2.3 Mode effects

Biemer and Lyberg (2003) distinguish between two sorts of mode effects: A pure
mode effect is a difference in survey outcomes that originates solely from the
choice of data collection mode. A design mode effect is a difference in survey
outcomes that is caused by the combination of differences in total design, that
are inherent to combining different modes. For example, the fieldwork strategy
for interviewer-assisted surveys can cause a difference in survey estimates besides
the effect that interviewers have (i.e. interviewer variance, social desirability
bias, higher response, better quality answers). Pure mode effects are difficult
to assess, therefore our focus lies on design mode effects, from now on referred
to as mode effects. Differences in survey outcomes can be caused by the error
sources that we described in Chapter 1. The choice of data collection mode can
influence three non-sampling error sources (Roberts, 2007, Ariel et al. 2008):
coverage error, nonresponse bias and measurement error.

Ariel et al. (2008) performed a literature study on mode specific measure-
ment errors. They concluded that measurement errors indeed exist, and should
be accounted for. The main causes for measurement error are social desirabil-
ity, satisficing and context effects. Social desirability bias can occur in phase
three of the response-stimulus model, if respondents change their ‘internal’ an-
swer to an answer that they perceive as more social desirable. This behaviour
leads to under reporting of perceived social undesirable behaviour such as al-
cohol consumption, and to over reporting of perceived social behaviour such as
voting. Satisficing implies that persons reduce the cognitive burden of optimal
question answering by short cutting the response process (Krosnick, 1991). The
degree of satisficing is related to respondents ability, motivation and task dif-
ficulty. In satisficing, one or more phases in the response-stimulus model are
skipped. Satisficing can manifest in respondents more often choosing no opin-
ion answers, social desirable answers, non-differentiation between survey items
when asked for rating, or acquiescence response bias, i.e. the tendency to agree
with any statement regardless of its content. Context effects can arise due to
external factors that influence phase three and four of the response-stimulus
model, where the respondent comes up with an answer to the survey question.

Coverage errors arise due to the sampling frame for data collection modes.
When sample elements do not have an entry in the sampling frame, their selec-
tion probability is zero and we speak of undercoverage. When sample elements
are not in the population, but they do have an entry in the sampling frame we
speak of overcoverage. The target population of Statistics Netherlands’ surveys
is the population that can be found in the population register, with the excep-
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tion of the institutionalized population, see Chapter 3. The population register
functions as the sampling frame for all surveys. Hence, CAPI and mail surveys
have a low risk of coverage errors. For CATI and web surveys, however, sample
elements need a telephone or access to the internet. The sampling frame for
a telephone survey is obtained by matching the records from the population
register with the register from the Dutch telephone company (KPN). Originally
KPN distributed all land-line telephones. However, nowadays there are also
other providers of land-line telephones (mostly digital). Therefore, the sample
is also matched with the telephone book, where numbers from other providers
are also listed too. As a consequence, sample elements without a listed land-line
number (i.e. mobile only, an unlisted telephone or no land-line telephone) do
not appear in the sampling frame for the telephone survey.

An alternative to sampling from a telephone directory is Random Digit Di-
aling (RDD). This method randomly generates telephone numbers from the
frame of all possible telephone numbers. Lepkowski (1988) provides a review of
RDD and other telephone survey sampling methods. The advantage of RDD
compared to sampling from a telephone directory is that it provides coverage of
both listed and unlisted numbers (and possibly mobile numbers as well). How-
ever, there are some disadvantages. A large problem of RDD is the number of
ineligible listings. Numbers can belong to businesses, or households occur in the
sample more than once because they own more than one number. It is thus
unknown whether the generated telephone numbers correspond to eligible sam-
ple elements. With respect to adjustment methods, a disadvantage of RDD is
that there is no auxiliary information at all available on the nonrespondents.
Sometimes there is no difference between non-existing telephone numbers and
nonrespondents, in which case non-existing numbers are wrongfully regarded as
nonrespondents.

Web surveys at Statistics Netherlands are performed by sending an advance
letter to sample elements, with a login to a secured website where the ques-
tionnaire can be found. Sample elements are asked to fill in the form on the
internet. If they have no access to the internet, they cannot respond to the
survey. CATI and web surveys, hence, have to do with undercoverage of the
part of the population that does not have a listed land-line telephone, or in-
ternet access. The number of listed land-line telephones in the Netherlands is
decreasing, whereas the number of households that have access to the internet
increases, see example 9.2.2. It seems that the roles are reversing. This is also
caused by the larger proportion of households that have no listed land-line tele-
phones but mobile telephones only. However, having access to the internet does
not imply that persons actually know how to use the internet to answer ques-
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tionnaires. For example, persons can have access to the internet at the public
library, or at their work where they may not be able or allowed to answer ques-
tionnaires during work time. A solution to undercoverage of persons without
internet access is provided in the MESS-panel (MESS stands for: Measurement
and Experimentation in the Social Sciences, see Das et al. (2006)). The sample
for the MESS-panel is probability based, and the restriction of internet access
for participation is overcome by providing respondents without internet access
with a WebTV.

Example 9.2.2 Internet access and telephone ownership
Figure 9.1 displays the number of persons that have access to the internet and
the number of persons that have a listed land-line telephone as measured in
Statistics Netherlands’ surveys. The number of persons with a listed land-line
telephone is decreasing, while more and more persons have internet access. The
statistics for internet access are based on the ICT survey in 2005 to 2007 where
the following question was asked: does anybody in your household have access
to the internet? The ICT survey is a telephone survey and it appears that
the reported internet coverage is lower for persons without a listed land-line
telephone (Janssen et al. 2007). This effect is related to age: the younger, the
larger the difference in internet coverage between listed and unlisted persons.
Younger persons more often have access to internet, and less often a listed land-
line telephone. The reported internet coverage should thus be regarded with
caution.

The statistics for telephone ownership are based on the percentage of linked
telephone numbers to the personal surveys from Statistics Netherlands in 2005−
2007. So it seems that telephone surveys with listed land-line telephones only be-
come less attractive whereas the coverage of web surveys is increasing. However,
the composition of the internet population is selective with respect to some im-
portant demographic and socio-economic characteristics. See the figures in 9.2.
These figures confirm the general expectations with regard to the selectivity of
the internet population. In graph 1 we see that especially persons above 65 less
frequently have access to the internet. However, the internet access in this group
is increasing more rapidly then the access in the other age groups. Furthermore,
access to the internet increases with the educational level, as well as with the
disposable income (graph 2 resp 3). �

We already showed that nonresponse is often selective with respect to demo-
graphic characteristics like age and household composition, and socio-economic
characteristics like income, educational level and employment situation, see
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Figure 9.1: The percentage of persons with access to internet and a listed land-
line telephone in the Netherlands 2005 - 2007

Figure 9.2: Access to internet according to age, educational level and disposable
income

Chapter 3. Different modes lead to different response levels and thus to dif-
ferent compositions of the respondent pools within modes. As a consequence,
nonresponse bias may have a different impact when differentiated to the mode
of data collection. Mode comparisons are usually made between two modes.
Roberts (2007) reports on a comparison of CAPI to CATI (done by Holbrook
et al. in 2003) that finds that CATI respondents are higher educated, have a
higher income, are younger and less frequently non-native. Web/mail respon-
dents are usually better educated and more literate than CATI respondents.
Kwak and Radler (2002) compare web and mail respondents in a survey among
students. They find that web respondents more often are male and in general
younger than mail respondents. Their restricted target population complicates
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the generalisation of their results to the population, however they do find con-
sistent evidence for their findings in the literature. De Leeuw (1998) compares
mail, face-to-face, telephone and CATI surveys respondents. She compares the
respondents to the population and finds that the selectivity is the same for all
modes. The only difference between modes is found for gender and marital sta-
tus, in mail versus face-to-face surveys. In mail surveys, there are more male
and married respondents. In face-to-face surveys, there are more women and
divorced and widowed respondents. It should be noted that the results of these
analyses may be country-specific.

Example 9.2.3 Measurement error and nonresponse bias in mixed
mode pilots
In example 9.2.1 we presented four mixed mode pilots conducted at Statistics
Netherlands. We used the pilots to investigate measurement errors in the dif-
ferent mixed mode strategies. It should be noted, however, that the pilots were
not designed to investigate measurement errors. The research shows that respon-
dents may present answers that are significantly different for different modes.

For the IE pilot, differences were observed in the weighted percentage of
undeclared employment for the two mixed mode strategies that were followed;
CAPI and the mix of web, mail and CATI, see Gouweleeuw and Eding (2006).
These differences are significant at the 5% level. Moreover, observed differences
are also significant for a subset of undeclared employment activities, namely
the weighted percentage of undeclared employment for which a financial com-
pensation is offered. However, for this pilot we cannot completely disentangle
measurement errors from nonresponse bias. The survey estimates are adjusted
for nonresponse bias by weighting with a set of auxiliary variables. Within the
strata that are formed by the weighting adjustments, nonrespondents may still
be different from respondents. We can, therefore, not exclude that observed
differences are attributable to a missing data mechanism that is not-missing-at-
random.

According to the literature, see e.g. Dillman (2000), self-administered modes
are expected to produce more honest answers to sensitive questions. We regard
the main topics of the IE pilot as sensitive to the respondents. The IE mode
strategy contained two self-administered modes; web and mail. However, sur-
prisingly, both web and mail lead to estimates of the percentage of undeclared
employment that are lower than the estimates following from the CAPI survey.
We found that the CAPI estimates resemble the web estimates most. Adding
mail and CATI answers only increases the differences in estimates for the pro-
portion of individuals that have income from undeclared employment. We do
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not have an explanation for this phenomenon other than selective response.
The SM-1 pilot shows that incorporating web in the mixed mode strategy

significantly (at a 5% level) affects the answer patterns to scalar questions.
Scalar questions are derived from a number of underlying statements. For in-
stance, the scale variable that measures the opinion on the availability of the
police is based on five statements. Respondents have to indicate whether they
agree, disagree, are neutral or don’t know with respect to each statement. A
different score is attached to each answer category, in this case score 0 for agree,
score 1 for neutral and don’t know and score 2 for disagree. Then, the total
score for the scalar question ‘availability of the police’ is obtained by summing
the individual scores of the statements.

For other types of questions we found no systematic effects. However, we
have to note that the sample size of the pilot is relatively small in comparison
to the sample size of the reference survey. The scalar questions include questions
on traffic inconveniences, degradation of the neighbourhood and the availabil-
ity of police. The pilot sample showed an evident increase of the percentage of
respondents that chose a neutral answer. This shift is primarily caused by the
web respondents. In some questions the shift occurs at the expense of both the
positive and negative answer categories; in other questions only at the expense
of the positive answer category. A more specific problem in the SM-1 pilot was
the ‘don’t know’ answer category, which in CAPI or CATI questionnaires is
mostly implicitly deduced by the interviewer. The interviewer does not present
this answer category to the respondent, but fills in this answer in case the re-
spondent lingers to give an answer. This approach cannot easily be translated
to self-administered questionnaires. Although we found no significant increase
of ‘don’t know’ answers, more research is necessary.

On the basis of the SM-1 pilot it also is hard to find an unambiguous explana-
tion for the observed response bias. It is possible that through web interviewing
a specific divergent group of respondents is interviewed that normally would
not participate in CAPI or CATI surveys. For some questions the difference
in answers may be explained by the so-called recency effect, i.e. persons begin
by processing the last option they heard and as a consequence, the latter re-
sponse options are more often chosen, see De Leeuw (2005). For other questions
the presence of an interviewer may lead to more positive answers and, thus,
may form an explanation, see e.g. Christian et al. (2006). However, these ex-
planations cannot be extrapolated to all questions where differences in answer
patterns were found.

Hence, in both studies we observed differences that are at least partially
attributable to measurement errors. In general it is difficult to disentangle mea-
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surement errors and nonresponse bias. By changing the mode also the response
behaviour is altered. In the IE pilot we cannot distinguish the two types of biases
beyond the resolution of the auxiliary variables that are used in the weighting of
survey estimates. For the SM-1 pilot we are able to investigate the overall effect
of incorporating web as a data collection mode when we make the assumption
that the response has approximately the same composition.

Table 9.5 gives an overview of the response rates in the four pilots for the
total sample and for the sample that has a listed land-line telephone, different.
The general picture is that response rates increase when the sample is restricted
to sample elements with a listed land-line telephone. This result confirms earlier
findings, e.g. Cobben and Bethlehem (2005) concluded that households without
a telephone more often refuse to participate; even when a data collection mode
other than CATI is used. Table 9.5 confirms the finding that interviewer-assisted
strategies lead to higher response rates. In all cases the response rates to mixed
mode strategies that only employ web and mail surveys, are low compared to
strategies that also encompass CAPI and CATI. This implies that in the self-
administered strategies the risk of nonresponse error is much higher. However, it
does not mean that the nonresponse bias is indeed larger. To get insight into the
impact on nonresponse bias we need to consider the composition of the response.
For the analysis of the nonresponse bias, we restrict ourselves to the SM-1 pilot.
We fitted a multivariate logistic regression model to the response indicators, see
also Chapter 3. The auxiliary variables in this response model are age, ethnicity,
type of household and degree of urbanization. These variables are available from
administrative data for both respondents and nonrespondents. With respect to
these variables, we can calculate the representativeness with the R-indicator,
see also Chapter 5. Table 9.6 displays the results for the SM-1 pilot. The ob-
tained response in the web survey alone is less representative with respect to
the auxiliary variables. Also, the maximal absolute bias B̂m is large due to the
low response rate. When the response in the CATI and CAPI group is added,
the representativeness increases and approaches the representativeness of the
reference survey, even though the sample size of this survey is much larger. The
reduction in costs that is realized by employing a mixed mode data collection
with web as one of the modes has not caused a decrease in representativeness
with respect to these auxiliary variables. �
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Table 9.5: Response rates in the four pilots (total and restricted to listed land-line
telephones)

Response rate
Pilot Group Mode strategy Total Telephone
ICT Reference CATI na 65%

Pilot I: web/mail 38% 41%
II: CATI, web/mail 55% 69%

SM-1 Reference CATI/CAPI 69% 72%
Pilot web 30% 30%

web, CATI/CAPI 65% 65%
SM-2 Reference CATI/CAPI 67% 71%

Pilot web 30% 32%
web, CATI/CAPI 65% 67%

IE Pilot CAPI 61% 65%
web/mail 37% 39%
web/mail, CATI 53% 62%

Table 9.6: Composition of the response to the regular Safety Monitor, the re-
sponse to the pilot web survey only, and the total response to the pilot Safety
Monitor

Response Size Response rate R̂ CIbt
0.05 B̂m

Reference 30,139 68.9% 81.4% (80.3; 82.4) 6.8%
web 3,615 30.2% 77.8% (75.1; 80.5) 18.3%
web, CAPI/CATI 3,615 64.7% 81.2% (78.3; 84.0) 7.3%

9.3 Mixed mode designs

In this section, we describe a number of designs for the implementation of mixed
mode surveys. In section 9.3.1 we discuss different views on how to design the
questionnaire, i.e. the instrument design. Then we present two ways of imple-
menting the actual data collection using multiple modes: concurrent mixed mode
design and sequential mixed mode design (section 9.3.2). One additional way to
perform a mixed mode survey is to let the respondent choose the mode. It seems
polite to leave the respondents the choice, but in fact an additional opportunity
to refuse participation is introduced (Dillman and Tarnai, 1991). We therefore
do not regard this option here.
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We restrict ourselves to mixed mode data collection, and do not regard the
use of multiple modes in the contact phase (described by De Leeuw (2005) as
mixed- or multi mode systems). The emphasis in this section lies on the way
the data are collected. We thus regard mixed mode surveys from a data analysis
point of view. Deciding on how to design a mixed mode survey is complicated.
For a discussion see Biemer and Lyberg (2003).

9.3.1 Instrument design

Within mixed mode data collection, there are three perspectives on how to de-
sign mixed mode surveys. The first perspective is based on the work by Dillman
(2000). It is commonly referred to as unimode design, but this term is also be-
ing used to indicate design for single mode surveys (Biemer and Lyberg, 2003).
Therefore we will refer to it as a uniform mode design. The uniform mode design
seeks to optimize the design for one mode, keeping the design the same across
all modes. For example, the use of don’t know, refusal or empty are the same
across modes. The aim of uniform mode design is to provide the same stimulus
in all modes.
The second perspective is initiated by De Leeuw (2005), and referred to as a
generalized mode design. Generalized mode design aims at presenting the same
stimulus in each mode, instead of the same question, in an attempt to keep the
cognitive burden of the respective modes the same. This design may result in
different questionnaires for different modes. An example of generalized mode
design can be found in Pierzchala et al. (2004), where the CATI-question ’Are
you {name}?’ was found too conversational for a web survey, so for the web
survey they changed it to ’Is your name {name}?’.
The third perspective is mode-specific design, which aims to optimize the survey
implementation in each mode separately. For example, in a telephone survey the
number of answer categories cannot be as large as in a face-to-face survey due
to recency effects. To avoid this effect, questions with a large number of answer
categories in face-to-face will be split into two nested questions in a telephone
survey. Because each mode is optimally designed we refer to this perspective as
the tailored mixed mode design.

9.3.2 Concurrent and sequential design

In a concurrent mixed mode design, the sample s is divided into k disjunct sub-
samples s(1), s(2), . . . , s(k) and these are all approached in a different data col-
lection mode but at the same time. An illustration is provided in example 9.3.1.
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In a sequential mixed mode design, the entire sample is initially approached in
the same mode. At time t + 1, sample elements that did not respond to the
initial mode are followed-up in another mode. This process can be repeated a
number of times. In this design, at every time t the data is collected in one
particular mode. In sequential approaches, the nonrespondents to the preceding
mode are followed-up in another mode. Therefore this situation is referred to
as a sequential mixed mode design, see example 9.3.2. Typical of this process
is that respondents in subsequent modes (i.e. other than the initial mode) are
nonrespondents to earlier modes; and the final nonrespondents did not respond
to any of the previous modes. It is also possible to mix these two designs, as
illustrated in example 9.3.3.

Example 9.3.1 The basic-question approach
In Chapter 4 we described two techniques of re-approaching nonrespondents in
the Dutch Labour Force Survey (LFS). One technique was the basic-question
approach. This approach was implemented using CATI and a combination of a
web and a mail survey. Persons with a listed telephone number were approached
by CATI, whereas persons without a listed number received a letter with a paper
questionnaire and a login to a secured website from Statistics Netherlands where
they could also fill-in the questionnaire, see figure 9.3. Here the sample s is split
up into two subsamples. We denote by s(1) the sample that is approached by
CATI, and by s(2) the combination of paper and web questionnaires. Note that
we knew in advance which persons would go to subsample s(1) or s(2) because
the subdivision was made based on telephone ownership. �

Example 9.3.2 Re-approaching nonrespondents to the Dutch LFS

Figure 9.3: Concurrent mixed mode design in the basic-question approach
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In Chapter 4 we described the re-approach of nonrespondents to the Dutch
LFS with the basic-question approach. A sample of the original nonrespondents
that had a listed, land-line telephone was re-approached by CATI, see figure
9.4. Here the sample s is first approached by CAPI at time t. The subsample
of respondents to CAPI at time t + 1 is denoted by s(1). The nonrespondents
to CAPI are re-approached by CATI at time t + 1. The fieldwork period ends
at time t + 2. Thus at t + 2 we have a subsample denoted by s(2) of sample
elements that were originally nonrespondents to CAPI but that did respond
in the re-approach with CATI. The last subsample denoted by s(3) consists of
sample elements that responded neither in CAPI, nor in CATI, i.e. the final
nonrespondents. �

Example 9.3.3 The mixed mode design in the pilot Safety Monitor
The pilots on the Safety Monitor (see example 9.2.1 and 9.2.3, and Chapter 5,
section 5.5.3) follow a combination of a concurrent and a sequential mixed mode
design. See figure 9.5. First, the entire sample is approached by a web survey.
Next, nonrespondents to the web survey are re-approached by a combination of
CAPI and CATI, based on telephone ownership. A small group of nonrespon-
dents to the web survey was not eligible for a follow-up, they are the final web
nonrespondents. We come back to this in section 9.6.2. �

9.4 Combining data from different data collec-
tion modes

9.4.1 Introduction

For the remainder of this chapter, we impose some restrictions on the scope
of our research. We restrict ourselves to data collection during the response
phase. However, we do regard the contact phase when including data about the
data collection process (or paradata, see section 9.4.2). Furthermore, we do not
regard the mixed mode variant where the choice of data collection mode is left
to the respondent.

In section 9.2.3 we discussed mode effects, in particular measurement errors,
coverage errors and nonresponse bias. Research on measurement errors is aimed
at minimising them. The occurrence of differential measurement errors across
modes severely undermines the data quality in mixed mode surveys. Research on
minimising measurement errors, i.e. developing questionnaires for mixed mode
surveys, is crucial for the further development of mixed mode data collection.
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Figure 9.4: Sequential mixed mode design in BQA re-approach of nonrespondents
to the Dutch LFS

Survey researchers are aware of this problem and therefore a lot recent work is
devoted to measurement errors, for instance the work by Dillman et al. (1996),
Dillman (2000), Dillman and Christian (2005), Roberts (2007) and Ariel et
al. (2008). In our research we focus on adjustment for nonresponse bias. We,
therefore, make the assumption that there are no measurement errors.

With regard to coverage errors, we assume that we know for all sample
elements whether we can reach them by telephone, i.e. whether they have a
listed land-line telephone. So, we only regard telephone surveys based on a
sampling frame from listed land-line telephones. Another restriction on this
research is imposed by assuming that web surveys are not used as a single
mode, i.e. they are always combined with a data collection mode that does
cover the entire population for example a mail survey. Thereby, we exclude
coverage errors related to mixed mode surveys with a web survey. We make this
assumption because we do not know whether sample elements have access to
the internet, and when they have access, whether they are acquainted with the
use of internet.

Having excluded measurement errors, and restricted the presence of cover-
age errors, our research is aimed at coping with differential nonresponse bias in
mixed mode surveys. The question of interest, is how we can combine the data
from different modes into one survey estimate adjusted for differential nonre-
sponse bias.

In Chapter 8, we described a number of methods to adjust for nonresponse
bias that incorporate different types of response. These methods account for
the sequential nature of the response process and allow for mutual dependent
response types, as well as a dependency between the different types of response
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Figure 9.5: The mixed mode design of SM-1 and SM-2 pilots

and the survey items. As we have shown in Chapters 2 and 3, by distinguishing
response types valuable information about the sample elements is revealed.

We recommended in Chapter 8 that the different response types (e.g. con-
tact, participation) should be incorporated into adjustment methods for selec-
tive nonresponse. However, the amount of available information on the response
process is distinct in the different data collection modes. In CAPI and CATI
surveys, we observe all response types. But in web and mail surveys, without
follow-ups we only observe whether sample elements return the completed ques-
tionnaires. Furthermore, recent research on nonresponse in surveys has brought
to the attention so-called paradata (Couper, 1998). Paradata are auxiliary data
about the process of data collection. We elaborate on the use of paradata in
section 9.4.2. The available paradata is different across modes.

The question thus arises whether we should use all the available information
in each mode separately, or unify the information used across modes. Put in the
line of reasoning followed by Dillman (2000) and De Leeuw (2005), should we
perform a uniform nonresponse bias adjustment, or a tailored nonresponse bias
adjustment? This question reduces to the question whether we should model the
response process in each mode separately, making optimal use of the available
information. Or should we ignore the fact that the data are collected by distinct
data collection modes, combine all the data into one dataset and proceed as
normal thereby ignoring extra information about the data collection process.
In section 9.5 we elaborate on this question by considering three approaches
that differ in the way that they account for the mixed mode design; distinguish
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between different response types over modes; and estimate the survey items.
But first, we discuss the use of paradata.

9.4.2 Paradata

Couper (1998) first introduced the concept of paradata. Paradata are defined
as auxiliary data about the process of data collection in both the contact and
the response phase. Therefore, often the term process data is used to indicate
the same. Paradata is a by-product from the data collection process, see also
Couper and Lyberg (2005).

A number of levels on which paradata can be collected are identified by
Kreuter (2006). She distinguishes between Contact Protocol Data (CPD) and
data about the Interview Process (IP). The Contact Protocol Data is only avail-
able for interviewer-assisted surveys. This type of data can be divided into two
types, the first of which is collected for every element in the sample that has
been allocated to an interviewer (CPD I). This data comprehends information
about each contact attempt, like day, time, mode and the outcome of each at-
tempt. Also aggregate information about the contact process, like the number of
contact attempts or the sequence of outcomes of the contact attempts fall into
this category. The second type of Contact Protocol Data (CPD II) comprehends
data that has only been collected for elements where contact is established. This
is recorded information on the reaction of respondents, and other interviewer
observations like type of dwelling, access impediments. Finally, the interviewer
process provides data on the actual interview like item nonresponse and re-
sponse time. Some interviewer process data are also available for web surveys
(item nonresponse, response time) and mail surveys (item nonresponse).

These categories can be extended to include information about the inter-
viewer (e.g. age, gender, years of experience), classification of response types
(processed, non-contact, able, refusal, response). If interviewer data is used in
the models to adjust for selective nonresponse, the clustering of sample elements
within interviewers has to be accounted for. This can be done by refinement of
the nonrespondents adjustment models with an additional level, as described by
the multilevel model in Chapter 8.

The use of paradata is twofold. In a number of studies, these data have been
used to analyse response behaviour. Durrant and Steele (2007) recommend to
collect paradata for the guidance of contact strategies and interviews and for
the identification of groups in the population that allow for tailoring. Heerwegh
(2003) collects paradata in web surveys. These data comprise information about
the number of changes made to answers, the sequence in which the questions are
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answered and the time spent on each question. These paradata serve to describe
response behaviour and could possibly be an indication of data quality. They can
also serve as feedback to questionnaire designers, e.g. when respondents have
returned to earlier questions in the questionnaire and changed their answers so
that they could follow a different routing, this might be an indication that the
questionnaire is not designed optimally. Another application of paradata is to
inform the fieldwork. Henly and Bates (2005) use contact history information
in a panel survey to inform interviewers about the previous response process.
They provide them with information about the time, day and result of previous
contact attempts, the number of attempts needed to obtain a response as well as
remarks made by the respondents. They hypothesize that this information can
be used by the interviewer to tailor their approach thus lowering the number of
contact attempts needed to establish contact and at the same time increasing
response. They, however, do not find convincing evidence for this hypothesis.
This is possibly caused by seasonal effects, as well as interviewers not being
accustomed to the use of contact history data. Groves and Heeringa (2005) de-
scribe how paradata can be used to inform fieldwork strategies by a so-called
responsive design.

Beaumont (2005) investigates whether paradata can be used for the ad-
justment of nonresponse bias. Whereas most variables that are being used for
nonresponse adjustment are non random, fixed demographic or socio-economic
characteristics of the sample elements or the geographical location, the paradata
are random because they can change if the data collection process were to be
repeated for the same sample. Furthermore, paradata are only available on the
sample level, and not for the entire population. With these restrictions in mind,
Beaumont (2005) shows that paradata can be used for nonresponse adjustment
without introducing additional bias or an additional variance component in the
estimates for population totals.

It may seem far-fetched to include information that at first sight has so lit-
tle to do with the survey items. However, we feel that this information aids to
grasp what happens during the fieldwork. Furthermore, the response behaviour
can only partly be explained by socio-economic and demographic variables. In
general, logistic models for the response propensity have an explained variance
of at most 20%. That implies that 80% of the variation cannot be explained by
the standard information2.

Paradata display the behaviour of respondents in the data collection strategy.

2This effect is partly caused by the fact that we are trying to estimate response behaviour
based on one observation only.
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Hence, there is a causal relationship between response behaviour and paradata.
The strategy influences response behaviour and paradata makes the behaviour
visible, but not the other way around. The variables that we have considered in
our research thus far, are all fixed attributes of the sample persons. Paradata
are not fixed, but random. In Chapter 8 we gave an example of the relation-
ship between the number of contact attempts and the employment situation. If
such eminent relationships exists between survey items and paradata, we should
include them in the adjustment models.

9.5 Nonresponse adjustment methods in mixed
mode surveys

In Chapter 6, we described a number of traditional adjustment methods for non-
response bias. Methods to adjust for nonresponse including different response
types are discussed in Chapter 8. In this chapter, we focus on nonresponse ad-
justment that accounts for the data collection design. First, we discuss three
approaches to adjust for nonresponse in the concurrent mixed mode design in
section 9.5.1, as in this situation the adjustment methods prove to be quite
straightforward. Next, we discuss the same three approaches in a sequential de-
sign in section 9.5.2, where the situation is more complicated because of the
sequence of data collection modes that may occur.

9.5.1 Concurrent mixed mode and nonresponse adjust-
ment

Let us regard a concurrent mixed mode setting as in figure 9.6. We describe
three approaches to adjust for nonresponse in this setting. The approaches vary
in the way they incorporate the mixed mode design, different types of auxil-
iary information and whether they include variables in different modes or in
all modes. Consequently, they differ considerably in their complexity, ease of
implementation and computation time. We describe these approaches in terms
of the resulting respondents’ weights wi in the calibration framework.

9.5.1.1 First approach - Linear weighting

The first approach is straightforward linear weighting. The data from the dif-
ferent modes are combined into one dataset. For calculating the weights wi the
respondents are compared to the nonrespondents and we do not distinguish
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Figure 9.6: A concurrent mixed mode design with two modes

between modes, see figure 9.7. Information on the sample level or on the pop-
ulation level can be used and the resulting estimator is the general calibration
estimator described in Chapter 6, i.e.

wi = di(1 + (X − xr
ht)

′(
∑

r

diXiX
′
i)

−1Xi) (9.1)

as in (6.27). For the calculation of wi, socio-economic and demographic variables
are used. However, we do not yet include information on the data collection mode
or -process.

This method, however, disregards the fact that the data are collected in
multiple modes. All respondents are combined, and compared to the combined
nonrespondents. Based on this comparison, the weights wi are constructed. If
the relationship between the auxiliary variables and the response behaviour in
one mode is very different from this relation in another mode, this difference will
not be reflected in the weights wi. This relationship can, for example, be affected

Figure 9.7: Approach 1 - straightforward linear weighting
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by coverage errors. For instance, in a telephone survey and a face-to-face survey
the relationship between ethnic group and response is different due to a lower
coverage of listed land-line telephones among non-natives (see Chapter 7).

9.5.1.2 Second approach - Linear weighting per mode

Approach 1 does not allow for differences in response behaviour across modes.
Therefore, in approach 2 we expand the linear weighting model by including the
mode in the weighting model. This can be done by constructing a variable mode
= M that indicates the mode in which a sample element is approached. In the
mixed mode setting displayed in figure 9.6, the variable M has two categories,
i.e.

Mi =
{ 1, if person i is approached in mode 1

0, if person i is approached in mode 2 (9.2)

The inclusion of the variable M automatically restricts the auxiliary information
to the sample, X, since M only has a meaning for the persons in the sample3. The
expression for the calibration weights wi is the same as for the first approach,
see (9.1). The only difference is the use of the auxiliary variable vector X which
is extended to (X,M)′.

If the variable mode is added to the weighting model as a main effect, the
model allows for an overall difference with respect to the mode. However, dif-
ferent relations between auxiliary variables and the response behaviour within
modes will only be reflected in the weights if the auxiliary variables X include
interactions between the mode and the socio-economic or demographic infor-
mation for which a different relationship exists. If there are indeed different
relationships between the auxiliary variables and the response behaviour across
modes, there are two options to extend the linear weighting approach. The first
option, approach 2.1, is to cross the variable mode with the variables for which
a difference in response behaviour is expected or observed. The disadvantage
of this option is that the weighting model can become very large, with the risk
of empty cells and large variances. The second option, approach 2.2, is to split
the sample into subgroups that are approached in different modes, i.e. sam-
ples s(1), . . . s(k), and to model the response behaviour in each mode separately,
see figure 9.8. Approach 2.2. constructs a weighting model for each mode sep-
arately, thus allowing the models to include different auxiliary variables that
explain response behaviour. This implies that coefficients for the same auxiliary

3It is possible to calibrate to the population level after the variables are calibrated to the
sample. The final calibration weights are then constructed in two steps.
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Figure 9.8: Approach 2.2 - nonresponse adjustment in each mode separately

variable can be different for distinctive modes (if included in the corresponding
weighting model). Approach 2.2 then results in two estimates for the survey
item, one based on the response behaviour in mode 1, and one based on the
response behaviour in mode 2. In addition, we introduce the probability τ1 for
the assignment to mode 1, and consequently τ2 = 1− τ1 is the probability that
a sample element is assigned to mode 2. If for instance mode 1 is CATI, then τ1

would be the probability that sample elements have a listed land-line telephone.
This situation is analogous to stratified sampling, in which the modes de-

termine the strata. In all strata, a separate weighting adjustment is performed.
The estimates in the strata can be combined into one single estimate for the
entire survey using the mode allocation probabilities.

If, however, in every separate response model the same variables are in-
cluded, approach 2.2 is not different from approach 2.1. Furthermore, in that
situation approach 2.1 is superior to approach 2.2 because in approach 2.1 all
the modes are estimated simultaneously. Approach 2.2 uses a smaller number of
observations for each response model in a different mode. If the more detailed
stratification was not necessary, this may result in a higher variance for the
estimate thus obtained, see Little and Vartivarian (2005).

Example 9.3.2.1 The basic-question approach - continued
In the control group for the basic-question approach as displayed in figure 9.3,
we have a number of auxiliary variables at our disposal, denoted by X. These
variables are linked from external sources, e.g. the population register or the tax



9.5. Nonresponse adjustment methods in mixed mode surveys 253

office, see Chapters 3 and 4. This information is available for every person in the
sample, both respondents and nonrespondents. Additionally, it is also available
for the entire target population.

Similar to approach 1, we use X in the general calibration estimator. How-
ever, for approach 2.1, we include an extra auxiliary variable for the mode in
which a person was approached. The information is than confined to the sample
so that we obtain (X,M)′. According to approach 2.2, the sample is divided into
subsamples s(1) and s(2) as in example 9.3.2.1. Next, the response behaviour in
s(1) and s(2) is modelled separately. In this approach the information is not
confined to the sample level anymore and we could also use information on the
population level. However, in this example the information is available on both
the sample- and the population level. Let us denote the auxiliary variables that
explain the response behaviour in the CATI sample s(1) by X(1), and in the
sample for the paper/web questionnaires, s(2), by X(2). The sample average for
survey item Y , is then estimated in both samples separately.

For sample s(k) we obtain an estimate y(k)
w (k = 1, 2) by solving

y(k)
w =

1
N

∑
i∈s(k)

wiyi

subject to
1
N

∑
i∈s(k)

wiX
(k)
i = X

(k)

Subsequently, the final estimate yw is obtained by mixing the estimates in
the two subsamples according to the mix in which the total sample s has been
divided over the two subsamples. In our example, 67% of the sampled persons
have been approached by CATI and the other 33% by paper/web questionnaires.
yw would thus be calculated by yw = 0.67y(1)

w + 0.33y(2)
w . �

9.5.1.3 Third approach - Sample selection model using paradata

The first two approaches do not use paradata. Furthermore, these approaches
calculate weights for the respondents based on the calibration estimator. The
respondents receive the same weights, for every survey item Y . In the third
approach, we do include paradata. Besides that, the adjustment is made for
specific survey items. The relationship between the response behaviour and the
survey item Y is modelled with a multivariate probit model for each data collec-
tion mode. Therefore, the respondents receive a different weight for every survey
item Y .
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The most important and informative paradata for nonresponse adjustment,
is the type of response. In Chapters 2, 3 and 8 we elaborated on the distinct
response types. The third approach explicitly models the response process. By
distinguishing between the response types, we can introduce auxiliary variables
even more precisely there where they have an influence.

Example 9.5.2 Paradata in the basic-question approach
For the CATI sample s(1) we have information about the number of call attempts
and the outcome of each of these attempts. Furthermore, we know which inter-
viewer made the call and we also have information about the age, gender and
experience of the interviewers. However, for the paper- and web questionnaires
we only observe whether a person returned the paper questionnaire, or filled-in
the web questionnaire. For the web questionnaire we can see how much time
a respondent needed to finish the questionnaire. The reliability of this data is,
however, questionable because respondents may not have spent all the recorded
time on completing the survey. For the paper questionnaire we know the elapsed
time between the moment the questionnaire was mailed, and the moment the
respondent returned it. We do not have this information for the nonrespondents,
for obvious reasons. This sort of information, consequently, cannot be used for
nonresponse adjustment but may be very helpful in explaining and adjusting
for measurement errors. �

The approach comes down to modelling the response process in each mode
separately, like in approach 2 where the linear weighting model was constructed
for every mode separately. The distinction between approach 2 and approach 3
is that approach 3 is not based on calibration but models the different response
probabilities and survey items using multivariate probit models for each mode.
We already defined the response probabilities in Chapter 1. We now define the
probabilities for each of the modes in the design. We illustrate approach 3 with
the two most common response types, contact and participation. Generalisa-
tion to more response types is straightforward, but cumbersome in notation.
Furthermore, we assume that the survey item Y is a continuous variable.

Denote by γ∗
k the latent contact probability for mode k, with corresponding

indicator Ck = 1 if γ∗
k > 0 and Ck = 0 otherwise. Likewise, the latent participa-

tion probability for mode k is denoted �∗k with corresponding indicator Pk = 1 if
�∗k > 0 and Pk = 0 otherwise. In the concurrent mixed mode design, the sample
s is divided into k disjunct, exhaustive subsamples s(1), s(2), . . . , s(k) and these
subsamples are all approached in a different mode. We illustrate approach three
for k = 2. For sample elements i with Cki = 1 and Pki = 1 we observe the survey
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item Yi. For the sample elements for which Cki = 0, or Cki = 1 and Pki = 0,
we do not observe Yi. Again let us introduce a latent survey item Y ∗

i , and the
latent variables γ∗

ki and �∗ki as in

γ∗
ki = XC

kiβ
C + εC

ki,
�∗ki = XP

kiβ
P + εP

ki,
Y ∗

i = XY
i βY + εY

i

(9.3)

for i = 1, . . . , n. Furthermore, Yi can be described as

Yi =
{

Y ∗
i , if (Pki = 1; Cki = 1)

missing, if (Cki = 0) or (Cki = 1;Pki = 0) (9.4)

for i = 1, . . . , n and k = 1, 2. The method is similar to the sample selection
model described in Chapter 8, with the distinction that now the contact- and
the participation process are defined for multiple modes. In addition, we assume
that the allocation of sample elements to mode 1 or 2 is known. With probability
τ1, sample elements are approached in mode 1, and with probability τ2 = 1−τ1

sample elements proceed to mode 2. This approach is graphically represented
in figure 9.9.

We illustrate how the model in figure 9.9 can be estimated by constructing
the likelihood. First, observe that every sample element contributes to a specific
part of the likelihood. The first division is based on the allocation probability
τ . With probability τ1, M = 1 and sample elements proceed to mode 1. With
probability τ2 = 1 − τ1, M = 0 and the sample elements proceed to mode 2.
The total sample is now divided into two subsamples, s(1) for mode 1, and s(2)

for mode 2. Without loss of generality let us assume that the first i = 1, . . . , n1

elements are approached in mode 1, and the sample elements i = n1 + 1, . . . , n
are approached in mode 2. Then, in each mode k with k = 1, 2 the sample
elements either are not contacted (Cki = 0), or they are contacted but do not
participate (Cki = 1; Pki = 0), or they are both contacted and participate
(Cki = 1;Pki = 1). In the latter case we observe the survey item, otherwise we
do not observe Y ∗

i .
The likelihood can be divided into six parts. See table 9.7. Observations for

the survey item come from two different modes. The process in the two modes
can be different, and thus the relationship between the response behaviour and
the survey item may be different as well. To estimate this model, we need to
make an assumption about the distributions of the error terms in equations
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Figure 9.9: Approach 3 - simultaneous estimation of the response process within
modes

(9.3). There are five error terms: εC
1i, ε

C
2i, ε

P
1i, ε

P
2i and εY

i . Like in Chapter 8, we
assume the vector of error terms follows a multivariate normal distribution with
expectation zero and covariance matrix Σ.⎛
⎜⎜⎜⎜⎜⎝

εC1
1i

εC2
2i

εP1
1i

εP2
2i

εY
i

⎞
⎟⎟⎟⎟⎟⎠ � N

(
0,Σ =

⎡
⎢⎢⎢⎢⎣

1 0 ζCP1
σ 0 ζCY1

σ
0 1 0 ζCP2

σ ζCY2
σ

ζPC1
σ 0 1 0 ζPY1

σ
0 ζPC2

σ 0 1 ζPY2
σ

ζY C1
σ ζY C2

σ ζY P1
σ ζY P2

σ σ2

⎤
⎥⎥⎥⎥⎦

)
(9.5)

where ζCPk
= ζPCk

for k = 1, 2 is the correlation between contact and partici-
pation in mode k. ζY Ck

= ζCYk
different ζY Pk

= ζPYk
is the correlation between

the survey item and contact different participation. And σ2 is the variance of
the survey item. The zero correlations follow from the fact that mode 1 and
mode 2 are assumed to be independent. This is not exactly true, there is a re-
lation between contact and participation in different modes, however we cannot
identify the relationship based on one observation for each sample element.

The risk of non-identification of the model decreases because now there can
be mode-specific instrumental variables for which it is clear beforehand that they
do not play a role in other equations. This means that the exclusion restriction
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is more easily satisfied, see Chapter 8. Because of the division of the sample into
subsamples that are approached in different modes, the error term specification
is slightly different from the error term specification in the models in Chapter
8.

Example 9.5.3 Approach three in the BQA
For the basic-question approach, there were two modes: CATI and a combination
of a web and a mail survey. For the CATI approach, we observed whether contact
was made, and for the contacted sample elements, whether they participated.
However, for the combination of web and mail, we only observed whether the
questionnaire was returned. Graphically, this process can be displayed as in
figure 9.10. Instead of contact and participation processes in both modes, we
now only have contact- and participation probabilities in the CATI mode, and
a response probability for the web/mail survey. So, the model for this situation
can be described as

γ∗
i = XC

i βC + εC
i ,

�∗i = XP
i βP + εP

i ,
ρ∗i = XR

i βR + εR
i ,

Y ∗
i = XY

i βY + εY
i

(9.6)

for i = 1, . . . , n. Again, we observe Yi that can be described as

Yi =
{

Y ∗
i , if (Pi = 1; Ci = 1) or (Ri = 1)

missing, if (Ci = 0) or (Ci = 1; Pi) = 0 or (Ri = 0) (9.7)

for i = 1, . . . , n. Sample elements with a listed land-line telephone were allocated
to CATI. So, τ1 is the probability that sample element i has a listed land-line
telephone and τ2 is the probability that sample elements cannot be reached by
telephone. The likelihood now consists of five parts, see table 9.8. Likewise, the
error term distribution becomes⎛

⎜⎜⎝
εC
i

εP
i

εR
i

εY
i

⎞
⎟⎟⎠ � N

(
0,

⎡
⎢⎣

1 ζCP σ 0 ζCY σ
ζPCσ 1 0 ζPY σ

0 0 1 ζRY σ

ζY Cσ ζY P σ ζY Rσ σ2

⎤
⎥⎦

)
(9.8)

the correlation between the response types in CATI and the response behaviour
in the web/mail survey is zero. The other correlations are defined as described
in approach 3, with ζY R = ζRY the correlation between response behaviour in
the web/mail survey and the survey item. �



9.5. Nonresponse adjustment methods in mixed mode surveys 259

Figure 9.10: The concurrent mixed mode design in the BQA

Table 9.8: Contributions to the likelihood for different groups in the basic-
question approach

Group Contribution
Noncontact CATI M × τ1P (C = 0|XC)
Refusal CATI M × τ1P (C = 1; P = 0|XC ,XP )
Participation CATI M × τ1P (Y = y; C = 1; P = 1|XC ,XP ,XY )
Nonresponse web/mail (1 − M) × τ2P (R = 0|XR)
Response web/mail (1 − M) × τ2P (Y = y; R = 1|XR,XY )

9.5.2 Sequential mixed mode and nonresponse adjustment

So far, we have focussed on the concurrent mixed mode design with two modes.
Now we translate approaches 1 to 3 to a sequential mixed mode design. We
regard the sequential mixed mode design with two modes, see figure 9.11. More
complex mixed mode designs can be treated in a similar way.

In the first approach the data from the different modes is combined into
one dataset. For the calculation of the weights wi approach 1 comes down to
comparing the respondents in mode 1 and mode 2 with the final nonrespondents
in mode 2. However, respondents to mode 2 first did not respond to mode 1.
In the first approach, the sequential nature of the response process is hence not
accounted for.
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Figure 9.11: A sequential mixed mode design with two modes

In approach 2 for the concurrent mixed mode design, the variable M =
mode is included in the weighting model. For the situation with two concur-
rent modes, M has two categories; one for each mode. In the sequential design
we are not only interested in the mode, but also in the sequence of modes. This
sequence can be regarded as the mode response path, so to say the history of
sample elements before a response or a final nonresponse is obtained. Let us in-
troduce the variable Mr = mode response path, which indicates the sequence
of modes a sample element has followed before the final result is obtained. For
instance, in figure 9.11 the variable Mr consists of three categories:

Mr
i =

{
1, i responds in mode 1
2, i does not respond in mode 1 and responds in mode 2
3, i does not respond in mode 1 nor in mode 2

(9.9)

for i = 1, . . . , n.
The variable Mr as defined in (9.9) cannot be used in a linear weighting

model, since Mr = 1 does not have a nonresponse counterpart. The adjustment
method can only be applied to nonrespondents in mode 1, that either responded
or did not respond to mode 2, i.e. only the categories Mr = 2 and Mr = 3
take part in the weighting adjustment. Hence respondents to mode 2 receive an
adjustment weight, whereas respondents to mode 1 would all receive weights
equal to 1. Approach 2 is not interesting for a sequential mixed mode design,
unless not all nonrespondents to mode 1 are followed-up in another mode. An
example of this is provided in section 9.6.

Therefore, we proceed to approach 3. This approach distinguishes between
response types and models the relationship with the survey item as well. The
response behaviour, the survey item and their relations are modelled with a
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multivariate probit model. In the sequential mixed mode design the allocation
of sample elements to follow-up modes depends on the outcome of the response
process in the preceding modes(s). Let us again consider the situation where we
distinguish the two main response types, i.e. contact and participation. Now,
both non-contacts and refusals are re-allocated to a follow-up mode. See figure
9.12. It is also possible that only one of the response types is followed-up, for
example only non-contacts. This situation can be treated in a similar way. In
this situation, we have four possible outcomes for the sample elements: response
in mode 1, non-contact in mode 2, refusal in mode 2 and response in mode 2.
However, sample elements can proceed to the second mode following two paths:
either they refuse participation in mode 1, or they are not contacted in mode 1.
Therefore, there are seven possible mode response paths sample elements can
follow in this example. The situation can be described as follows

γ∗
ki = XC

kiβ
C + εC

ki,
�∗ki = XP

kiβ
P + εP

ki,
Y ∗

i = XY
i βY + εY

i

(9.10)

for i = 1, . . . , n and k = 1, 2. Furthermore, we observe Yi

Yi =

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

Y ∗
i , if (C1i = 1; P1i = 1) or

(C1i = 0; C2i = 1; P2i = 1) or
(C1i = 1; P1i = 0; C2i = 1; P2i = 1)

missing, if (C1i = 0; C2i = 0) or
(C1i = 1; P1i = 0; C2i = 0 or
(C1i = 0; C2i = 1; P2i = 0) or
(C1i = 1; P1i = 0; C2i = 1; P2i = 0)

(9.11)

for i = 1, . . . , n. The vector of error terms is assumed to follow a multivariate
normal distribution, i.e.

⎛
⎝ εC

i
εP
i

εY
i

⎞
⎠ � N

(
0,

[ 1 ζCP σ ζCY σ
ζPCσ 1 ζPY σ
ζY Cσ ζY P σ σ2

])
(9.12)

Hence, the parameters that have to be estimated are βC , βP , βY , εC , εP , εY ,
ζCP , ζCY , ζPY , σ. This can be done by MLE. The likelihood can be split into
seven parts as displayed in table 9.9. Already for two modes and two response
types the model becomes quite complex.
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Figure 9.12: Approach 3 in a sequential mixed mode design with two modes

Based on these expressions for the different parts of the likelihood the pa-
rameters can be estimated. In Chapter 8 we described a number of methods
that can be employed for this purpose. With the estimated parameters, an esti-
mator for the survey item can be constructed. In Chapter 8 we showed how the
Horvitz-Thompson estimator can be modified for the sample selection model,
i.e.

ysel
ht =

1
N

n∑
i=1

diÊ
[
Yi|Ri = 1,XR

i ,XY
i

]
(9.13)

where di = 1/πi. This expression holds for the sample selection model that
distinguishes response and nonresponse. For the sequential mixed mode design
with two response types, the expression would become

ysmm
ht =

1
N

n∑
i=1

diÊ
[
Yi|Ri = 1,XC1

i ,XC2
i ,XP1

i ,XP2
i ,XY

i

]
(9.14)

where smm stands for sequential mixed mode, and Ri = 1 if (C1i = 1; P1i =
1) or (C1i = 0; C2i = 1; P2i = 1) or (C1i = 1; P1i = 0; C2i = 1; P2i = 1).
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9.6 Application to the pilot Safety Monitor-1

In this section, we apply approaches 1, 2.1, 2.2 and a restricted version of ap-
proach 3 to the pilot Safety Monitor-1 (SM-1) that we described in examples
9.2.1, 9.2.3 and 9.3.3. First, we present the pilot SM-1 in detail in section 9.6.1,
with an emphasis on the survey items that we used for the evaluation of the
approaches. Next, we apply approaches 1, 2.1, 2.2 and 3 to the pilot SM-1 in
section 9.6.2. In section 9.6.3 we summarise the models, and present and discuss
the results from the approaches.

9.6.1 Survey items in the Safety Monitor

Van den Brakel et al. (2007) analysed the survey items in the different data
collection modes in the pilot SM-1. In the analysis, Van den Brakel et al. (2007)
could not distinguish between nonresponse bias, coverage- and measurement
errors in the different modes because the pilot was not designed for that purpose.
Van den Brakel et al. (2007) estimated the values for the survey items, using the
generalized regression estimator (see Chapter 5). For the regular Safety Monitor,
the weighting model is

Age11 × Gender2 + Age11 × PoliceRegion25+
+MaritalStatus4 + DegreeUrbanization5 × Region16+
+Telephone2 × Age6 + DegreeUrbanization5 × Income6+
+Region16 × Ethnicity3 + HouseholdSize5

(9.15)

The subscripts denote the number of categories. ‘×’ implies that the variables
are crossed, whereas ‘+’ indicates that the variables are additive. The sample for
the mixed mode pilot is smaller than for the regular Safety Monitor. Therefore,
a reduced weighting model is applied to the data for the pilot SM-1. This model
is

MaritalStatus4 + DegreeUrbanization5 + Region13+
+Householdsize5 + Age11 × Gender2 + Telephone2 × Age6

(9.16)

One set of items in the analysis concerned scale variables based on a set of
attitudinal items in the questionnaire. These items are: the opinion on the
availability of the police, inconvenience caused by traffic, and degradation of
the neighborhood. These items are based on a number of attitudinal questions,
where respondents have to give their opinion on a number of statements. In the
CATI and the CAPI surveys, the interviewers had a hidden answer category for
‘no opinion’ and ‘refuse’ (except for the opinion on the availability of the police,
where the option ‘no opinion’ was presented directly to the respondents). The
interviewers could choose one of these options if the respondent appeared not to
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have an opinion or did not want to answer the question. In the web survey, these
hidden answer categories were first not shown to the respondents. Respondents
with no opinion could choose the neutral answer category, or skip the question.
When they skipped it, a second screen with the same question appeared, this
time with ‘no opinion’ and ‘refuse’ as additional options.

For the items that determine the opinion on the availability of the police,
Van den Brakel et al. (2007) found that in the web survey more persons tended
to choose the neutral answering category than in the CAPI and CATI survey.
However, the increase in neutral answers was at the expense of both agree and
disagree, so that in the final scale variable there was no effect. Hence, in the
underlying items the mode effects are visible, but in the final construct the
effects cancelled out. The number of persons that chose the ‘no opinion’ did not
appear to be different in CAPI/CATI compared to the web survey.

The ‘no opinion’ category for the scale variables traffic inconvenience and
neighbourhood degradation did not differ much between CAPI/CATI and the
web survey either. However, the number of persons that chose the neutral cate-
gory in the web survey largely increased. Furthermore, this increase was at the
expense of the negative answering category. As a consequence, the web respon-
dents had a significantly higher score on the variables neighborhood degradation
and traffic inconvenience.

We also consider one other survey item, the level of satisfaction with the po-
lice performance in the neighborhood. Respondents could choose between one
of the answering categories: very satisfied, satisfied, neutral, dissatisfied, very
dissatisfied and don’t know. The last category was explicitly presented to re-
spondents, both in the CAPI/CATI survey as in the web survey. Van den Brakel
et al. (2007) found that in the web survey, respondents more often answered
‘neutral’ at the expense of ‘don’t know’.

In table 9.10 the estimates for the survey items satisfied or very satisfied with
police performance in the neighborhood (satisfaction), opinion on the availabil-
ity of the police (availability), inconvenience caused by traffic (traffic inconve-
nience) and degradation of the neighborhood (neighborhood degradation) are
shown. In parentheses are the corresponding standard errors of the estimated
values. Van den Brakel et al. (2007) also tested for significance. Only for the
variables traffic inconvenience and neighborhood degradation the differences be-
tween the estimates for the regular Safety Monitor and the mixed mode pilot
are statistically significant. The design of the regular Safety Monitor does not
include a web survey. The more neutral and less negative answers of the web
respondents in the mixed mode pilot are reflected in the estimates for neigh-
borhood degradation and traffic inconvenience in the mixed mode pilot. The
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Table 9.10: Estimates for survey items in the regular Safety Monitor and the
mixed mode pilot SM-1. In parentheses are standard errors of the estimated
values

Variable Regular Pilot
Satisfaction 42.5% (0.37) 40.9% (1.13)
Availability 4.80 (0.02) 4.76 (0.06)
Traffic inconvenience 3.60 (0.02) 3.97 (0.05)
Neighborhood degradation 2.94 (0.01) 3.19 (0.03)

increase in the values for these two variables is significant.
In this section, we apply the mixed mode approaches to nonresponse ad-

justment presented in the previous section. Therefore we assume that there are
no measurement errors. However, Van den Brakel et al. (2007) show that mea-
surement errors are likely to be present in the answers from the web survey
respondents.

9.6.2 Mixed mode approaches applied to the pilot SM-1

The software package Bascula is used for the application of the mixed mode ap-
proaches 1 to 3 described in the previous section. Bascula offers various weight-
ing methods: post stratification, ratio estimation, linear weighting based on the
generalized regression estimator and multiplicative weighting. For more informa-
tion on Bascula, see Nieuwenbroek and Boonstra (2001) and Bethlehem (1998).
We first describe the available auxiliary variables for the analysis. Then, we
outline how the different approaches described in section 9.5 are applied to the
pilot SM-1. In section 9.6.3 we present the resulting estimated survey items for
the pilot based on the different approaches, and compare the results with the
results from the regular Safety Monitor.

Auxiliary variables
The three approaches make use of auxiliary information. We linked the sur-

vey sample to some external registers. The information from these registers is
available for both respondents and nonrespondents. Furthermore, we also have
information that becomes available from the data collection process, i.e. the
paradata (see section 9.4.2).

For the web survey no information about the data collection process is
recorded. For the CAPI and CATI surveys we have information about the in-
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terviewers (CAPI) and the number of call attempts (CATI). The paradata is
hence not available for every person in the sample, but only for the persons that
were approached in the corresponding data collection mode. Table 9.11 displays
the available information.

Table 9.11: Available auxiliary information for the pilot SM-1

Variable Labels
Administrative data
Listed telephone Yes, no
Degree of urbanization Very strong, strong, moderate, low, not
Region 12 provinces, large cities: Utrecht,

The Hague, Rotterdam and Amsterdam
Gender Male, female
Age6 ≤ 25, 26 - 35, . . . , 56 - 65, 66+
Age11 15 - 19, 20 - 24 , . . . , 60 - 64, 65+
Ethnicity Native, Western non-native,

non-Western non-native
Position in household Partner no children, partner with children,

single parent, child, single, other
Size of household 1, 2, . . . , 5+
Marital status Not married, married/partner,

widowed, divorced
Paradata
Mode Web, CATI, CAPI
Experience CAPI-interviewer Missing, < 1 year, 2 - 3, 3 - 4, > 4
Gender CAPI-interviewer Missing, male, female
Age CAPI-interviewer Missing, ≤ 45, 46 - 50, 51 - 55, 56 - 60, > 60
No of attempts (CATI) 1, 2, . . . , 7, 8+

First approach
The first approach combines all the survey data into one single dataset.

The respondents receive weights according to the reduced weighting model of
Van den Brakel et al. (2007), as described in (9.16). The variable telephone is
included in the weighting model. To some extent, the approach distinguishes be-
tween CATI and CAPI. However, the approach does not fully acknowledge the
mixed mode design of the survey. The respondents are compared to the nonre-
spondents, no distinction is made with respect to mode. Since the most profound
mode effect is to be expected with regard to the web survey respondents, mode
specific effects will only partly be reflected in the adjustment weights. If the
relationship between auxiliary variables and the response behaviour is not the
same in each mode, this approach will not fully adjust for that difference.
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Second approach - option one
Approach 2.1 also uses the combined dataset. One additional variable is

added to the reduced weighting model of Van den Brakel et al. (2007), namely
Mr = mode response path, i.e.

Mr
i =

{
1, if person i responded to web survey
2, if person i did not respond to web, but did respond to CAPI
3, if person i did not respond to web, but did respond to CATI

(9.17)

In the pilot SM-1 a total of 246 persons were not eligible for a follow-up. These
are 85 persons that explicitly stated to the help desk at Statistics Netherlands
that they did not want to cooperate in the web survey, plus a total of 161 early
web survey responses that could not be used due to technical problems. This
group of persons enables inclusion of variable Mr in the weighting model, be-
cause now the web response has a nonresponse counterpart. If there would not
have been ineligible persons for the follow-up with CATI or CAPI, then Mr

would reduce to two categories (only 2 and 3) and the adjustment would be
made only for persons that were followed-up.

Including variable Mr in the weighting model hence ensures that persons
that follow the same mode response path receive a path-specific correction. Be-
cause variable Mr is included in the weighting model additively, it only allows
for a path-specific adjustment. If there is a different relationship between one
of the auxiliary variables and Mr, this difference will only be reflected in the
adjustment weights if Mr is crossed with that particular auxiliary variable. In-
cluding variable Mr additively in the weighting model only allows for a general
adjustment for the mode response path a person followed.

One major drawback of this approach in a sequential mixed mode design, is
that web survey respondents are not included in the prediction of survey items
for nonrespondents. In this example, web respondents are only used because
there is a small group of ineligible persons for the follow-up. If it weren’t for
this group, web respondents would not be included in the weighting adjustment
approach.

Let us regard the situation without ineligible persons. For the calculation of
adjustment weights, respondents in a specific path are compared to nonrespon-
dents in that path. CATI respondents receive weights so that they represent
all persons that did not respond to the web survey and have listed land-line
telephones. The CAPI respondents receive weights to also represent web non-
respondents without a listed land-line telephone. Consequently, web survey re-
spondents all receive weights equal to 1. This can be illustrated by looking at
figure 9.5. Every person in the sample finally ends up in one of six categories:
web respondent, web nonrespondent not eligible for follow-up, CATI respon-



9.6. Application to the pilot Safety Monitor-1 269

dent, CATI nonrespondent, CAPI respondent or CAPI nonrespondent. There
is no final category for web nonrespondents, since all web nonrespondents are
followed-up in either CATI or CAPI.

Now, in the pilot SM-1 there is a category for web nonrespondents due to
ineligible persons. However these persons are a very selective group that is not
representative of all web nonrespondents. Furthermore, the small size of this
group combined with a small number of variables that significantly explains the
response behaviour can lead to an increased variance of the estimates.

Second approach - option two
Approach 2.2 models the response process in each of the response paths

separately, thus allowing for path-specific information to be included in the
adjustment models. This enables information to be inserted in the models only
there where it adds explanatory power. Similar to approach 2.1, web respondents
also receive weights equal to one. Furthermore, because the follow-up modes are
modelled separately, the number of observations is small. Consequently, we find
a small number of variables that significantly explains the response behaviour
in the two follow-up paths (web to CATI and web to CAPI) since only a few
sample elements followed those paths.

Weighting model (9.16) by Van de Brakel et al. (2007) was constructed for
the pilot SM-1. We constructed separate weighting models for the mode response
paths using logistic regression models. We used the software package Stata to
apply the logistic models to our data. The auxiliary variables from table 9.11
are used for the analysis. However we excluded the variable telephone, because
persons were assigned to either CATI or CAPI based on telephone ownership.

After fitting the models, we tested all variables for joint significance of its
categories. The auxiliary variable with the highest p-value on this test is ex-
cluded from the model. This process is repeated untill only significant variables
remain, at a level of 10% significance4. In tables 9.12 and 9.13 both full- and
final models are given. We report χ2 value and the corresponding p-values. The
final models for the web to CATI different CAPI path become

CATI : DegreeUrbanization5 + Ethnicity3 + HouseholdSize5

+PlaceFamily5

CAPI : DegreeUrbanization5 + PlaceFamily5

For both follow-up paths we now have a different weighting model. The
next step in approach 2.2 comprehends the calculation of adjustment weights
in Bascula. The respondents in each group received weights according to the

4Due to the small sample size, we chose a higher level of significance than in the analyses
in Chapters 3 and 4.
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Table 9.12: Approach 2.2 for the web to CATI path; χ2-values and corresponding
p-values (in parentheses) for full- and final model

Variable Full model Final model
Degree of urbanization 4.35 (0.3611) 11.73 (0.0194)
Region 7.50 (0.8229) -
Gender 1.39 (0.2383) -
Age 11.12 (0.3481) -
Ethnicity 15.15 (0.0005) 16.96 (0.0007)
Place in family 5.18 (0.2695) 11.32 (0.0232)
Size of household 9.59 (0.0878) 15.42 (0.0039)
Marital status 4.90 (0.1789) -

Table 9.13: Approach 2.2 for the web to CAPI path; χ2-values and corresponding
p-values (in parentheses) for full- and final model

Variable Full model Final model
Degree of urbanization 6.78 (0.1479) 8.14 (0.0867)
Region 16.86 (0.1549) -
Gender 0.00 (0.9988) -
Age 6.04 (0.8116) -
Ethnicity 3.88 (0.1435) -
Place in family 11.88 (0.0183) 18.03 (0.0012)
Size of household 7.88 (0.1628) -
Marital status 3.63 (0.3045) -

corresponding weighting model. In figure 9.5 the CATI- and CAPI-respondents
are now assigned weights. One level up, we find the group of persons that did not
respond to the web survey and that was not eligible for a follow-up. This group
consists of persons that either responded to the web survey very quickly, or
explicitly refused to cooperate. Even though it is a small group, it is interesting
to include these persons in the analysis. They seem to have a different response
behaviour than the other groups. If an analysis using auxiliary information
shows that this group is different on some of these characteristics as well, we
may obtain different estimates for the survey items. However, because the group
is small, it may also lead to a large variance.

The last step of approach 2.2 comprehends the analysis of the weighted
CATI- and CAPI respondents and the unweighted web respondents to the in-
eligibles. We thus apply the adjustment weights that are produced by the ear-
lier steps of approach 2.2 to the CATI- and the CAPI respondents. Next, the
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weighted respondents are combined with the web respondents for the analysis
of the ineligible persons. This is the last step of approach 2.2. The model is
displayed in table 9.14. Hence, there are three variables on which the group of
ineligibles is different from the other sample elements: gender, age and size of
household. The final model for the web respondents and the weighted CATI-
and CAPI respondents becomes

Gender2 + Age11 + HouseholdSize5 (9.18)

This model is used in Bascula to calculate the final adjustment weights for
approach 2.2.

Third approach
Approach 3 makes use of paradata and estimates the survey items simulta-

neously in all modes. We, however, have no information on the distinct response
types in the pilot SM-1. Furthermore, the simultaneous estimation as described
in section 9.5 requires additional research. The methods have yet to be pro-
grammed. Therefore, we restrict the analysis to an exploration of the effect of
mode specific paradata.

In table 9.11 we presented the available paradata. This information is not
available for every person in the sample, but only for the persons that are
approached in the corresponding data collection mode. Therefore, we could not
use it in approach 1 and 2. Approach 3, however, does allow for the inclusion
of mode specific data. Similar to approach 2.2, the only reason why the web
respondents are included in the weighting adjustment is the small group of
ineligible persons.

We first model the response behaviour in the web to CATI response path,
the results are given in table 9.15. There is only one paradata variable for this

Table 9.14: Approach 2.2 for the ineligibles; χ2-values and corresponding p-
values (in parentheses) for full- and final model

Variable Full model Final model
Degree of urbanization 1.41 (0.2275) -
Region 0.86 (0.5876) -
Gender 4.01 (0.0454) 3.32 (0.0684)
Age 1.51 (0.1299) 2.19 (0.0159)
Ethnicity 1.69 (0.1857) -
Place in family 0.74 (0.5650) -
Size of household 1.74 (0.1225) 2.82 (0.0152)
Marital status 0.41 (0.7459) -



272 Chapter 9. Nonresponse Adjustment in Mixed Mode Surveys

path, namely the number of call attempts in 8 classes. It is not surprising that
this variable turns out to be significant in explaining response behaviour, since a
large number of call attempts will more frequently occur for persons that cannot
be contacted. The final model for the web to CATI response path becomes

DegreeUrbanisation5 + Ethnicity3 + HouseholdSize5 + PlaceFamily5+
NoCallAttempts8

(9.19)

For the web to CAPI response path there is more paradata. We linked inter-
viewer information to every person in the sample. The gender, age and years
of experience of the interviewers are known for almost all interviewers. We did
not, however, allow for interviewer variance in the models and therefore the
standard errors for this model will be underestimated. We had to discard 36
persons (all nonrespondents) from the CAPI follow-up due to the missing in-
terviewer information. The total for the web to CAPI group is then 577. The
sample total becomes 3, 579. In table 9.16 we give the full- and final model. Of
the included paradata, only the gender of the interviewer appears to be related
to the response behaviour. Furthermore, again place in family turns up in the
response model. The final model becomes

PlaceFamily5 + GenderInterviewer2 (9.20)

We used the response models in (9.19) and (9.20) to calculate the adjustment
weights in Bascula.

The last step of approach 3 comprehends the comparison of these weighted
groups and the unweighted web respondents to the total sample, thus including
the ineligible persons. The results of this analysis are given in table 9.17. The
model for the last step becomes

Age11 + HouseholdSize5 (9.21)

This model is used in Bascula to calculate the final adjustment weights for
approach 3.

9.6.3 Summary of the models and the results

In table 9.18 we summarise all the adjustment approaches. The resulting esti-
mates for the survey items are given in table 9.19. The last column of table 9.19
gives the values of the estimated items in the regular Safety Monitor. These
values can be used as a reference.

The resulting estimates from the three approaches that we applied to the
mixed mode pilot SM-1 do not seem to differ much. The only approach that
shows slightly different values for the items, is approach 2.1. With this approach,
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Table 9.15: Approach 3 for the web to CATI path; χ2-values and corresponding
p-values (in parentheses) for full- and final model

Variable Full model Final model
Degree of urbanization 3.89 (0.4214) 10.45 (0.0335)
Region 6.26 (0.9021) -
Gender 1.55 (0.2134) -
Age 10.64 (0.3863) -
Ethnicity 18.60 (0.0003) 17.99 (0.0004)
Place in family 4.51 (0.3419) 10.01 (0.0402)
Size of household 11.50 (0.0215) 13.98 (0.0073)
Marital status 2.33 (0.5062) -
No of call attempts 121.88 (0.0000) 125.23 (0.0000)

the estimated level of satisfaction is higher than in the other approaches, as is
the opinion on the availability of the police. For the other two variables, traffic
inconvenience and neighborhood degradation, the estimates are lower than in
the other approaches. In general, it seems that in approach 2.1 the answers are
more positive towards police performance and safety aspects.

When we compare the mixed mode approaches with the regular Safety Mon-
itor, we see that in the regular Safety Monitor the estimated values are more
positive than in the mixed mode pilot. In the adjustment approaches, we ignored
the fact that there are measurement errors. Hence, the estimates based on the pi-
lot SM-1 may differ from the regular Safety Monitor. As we discussed in section
9.6.1, it appears that the more neutral answers of the web survey respondents
are reflected in the lower estimates for traffic inconvenience and neighborhood
degradation. None of the approaches was able to fully adjust for this effect.
The estimates based on approach 2.1 were closest to the regular Safety Mon-
itor. A possible explanation for this result, is that in approach 2.1 a general
adjustment for the mode is added to the other nonresponse adjustments. The
web respondents seemed to have in general a more negative attitude towards
safety and police performance, and approach 2.1 adjusted for that effect for
the web respondents. Approach 1 did not perform a mode specific adjustment.
In approaches 2.2 and 3, the web respondents hardly received any adjustment
weights, only with respect to the difference with the ineligibles.

This result would argue for the use of approach 2.1, extending the regular
nonresponse adjustment with an additional variable to account for the mixed
mode design. This approach is also suggested by De Leeuw (1998). However, if we
look at the weighting models for approaches 2.2 and 3, we see that in each of the
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Table 9.16: Approach 3 for the web to CAPI path; χ2-values and corresponding
p-values (in parentheses) for full- and final model

Variable Full model Final model
Degree of urbanization 5.79 (0.2153) -
Region 12.89 (0.3771) -
Gender 0.01 (0.9149) -
Age 10.64 (0.3863) -
Ethnicity 3.95 (0.1387) -
Place in family 13.21 (0.0103) 21.77 (0.0002)
Size of household 8.04 (0.1538) -
Marital status 4.38 (0.2236) -
Gender interviewer 6.12 (0.0133) 7.10 (0.0077)
Age interviewer 2.55 (0.6350) -
Experience interviewer 0.87 (0.8325) -

Table 9.17: Approach 3 for the ineligibles; χ2-values and corresponding p-values
(in parentheses) for full- and final model

Variable Full model Final model
Degree of urbanization 1.84 (0.1182) -
Region 0.96 (0.4885) -
Gender collinear -
Age 1.49 (0.1358) 2.22 (0.0144)
Ethnicity 1.53 (0.2177) -
Place in family 0.69 (0.5954) -
Size of household 1.88 (0.0947) 3.04 (0.0097)
Marital status 0.40 (0.7550) -

follow-up modes different variables entered the response models. Furthermore,
in approach 3 the paradata entered the response models for both the web to
CATI and the web to CAPI group. It appears that the relationship between
response behaviour and auxiliary variables is different in different modes.

We observed that in approaches 2.2 and 3 the web respondents hardly played
a role in the adjustment for nonresponse. Because the nonrespondents to the web
survey were all (except for the group of ineligibles) followed-up in either CATI
or CAPI, there were no nonrespondents left to provide the web respondents with
an adjustment weight. Furthermore, the size of the CATI and especially CAPI
group was small. This caused the response models to be small too. We did not
consider the variance of the weights and the resulting estimates. We suspect,
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Table 9.18: Summary of the models for mixed mode approaches 1, 2.1, 2.2 and
3

Approach Path Model
1 MaritalStatus4 + DegreeUrbanization5 + Region13

+Householdsize5 + Age11 × Gender2+
+Telephone2 × Age6

2.1 MaritalStatus4 + DegreeUrbanization5 + Region13

+Householdsize5 + Age11 × Gender2+
+Telephone2 × Age6 + Mr

3
2.2 web to CATI DegreeUrbanization5 + Ethnicity3 + HouseholdSize5

+PlaceFamily5

2.2 web to CAPI DegreeUrbanization5 + PlaceFamily5

2.2 ineligibles Gender2 + Age11 + HouseholdSize5

3 web to CATI DegreeUrbanization5 + Ethnicity3 + HouseholdSize5

+PlaceFamily5 + NoCallAttempts8

3 web to CAPI PlaceFamily5 + GenderInterviewer2

3 ineligibles Age11 + HouseholdSize5

Table 9.19: Resulting estimates for the survey items

Approach
Survey item 1 2.1 2.2 3 Regular
Satisfaction 41.0% 41.5% 41.2% 41.0% 42.5%
Availability 4.80 4.85 4.80 4.81 4.80
Traffic inconvenience 3.89 3.79 3.88 3.88 3.60
Neighborhood degradation 3.13 3.06 3.11 3.17 2.94

however, that due to the nested process in the sequential mixed mode design
the variance in approaches 2.2 and 3 will be larger than in approaches 1 and
2.1.

Approach 3 as described in section 9.5 has not been applied to the SM-1
pilot. The procedures for estimation in approach 3 are complex and need fur-
ther research. This approach can possibly overcome the drawbacks of approach
2.2 because the adjustment for nonresponse bias is done simultaneously for all
modes. The main motivation is efficiency; by combining all data the relation be-
tween survey items and auxiliary variables can be modelled based on larger sets
of respondents. Consequently, the accuracy of estimates will improve, however,
at the expense of complexity and computation time.

All approaches assume implicitly that measurement error is not present in
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the survey response. If some or all modes do suffer from measurement error,
then the adjustment techniques will in general also lead to biased estimates.
The approaches all balance the measurement error in the different modes, but
each to a different extent. Approaches 1 and 2.1 simply increase the amount of
measurement error where the response is high. Approaches 2.2 and 3 mix the
measurement error according to the proportions in which the modes are mixed
in the sample.

If we assume that the regular Safety Monitor produces the best survey esti-
mates, then based on the results in table 9.19 our recommendation would be to
use the more simple approach 2.1. The main drawback of approaches 2.2 and 3
is caused by the nesting of the data collection modes. This nesting is inherent
to a sequential mixed mode design, where nonrespondents are re-approached in
other modes than the original data collection mode. However, in a concurrent
mixed mode design this will not happen. Further research therefore involves
application of the mixed mode approaches to a concurrent mixed mode survey
and further development of the methodology for simultaneous estimation of the
survey items including the relation between survey item and response behaviour
(approach 3).

9.7 Concluding remarks

Approaches 1, 2.1 and 2.2 produce weights for respondents that can be used
for all survey items. These approaches are based on the calibration estimator,
implemented as a linear weighting adjustment. Approach 3 models the relation-
ship between survey item and response behaviour in the different modes using
a multivariate probit model. This relationship can be different for each survey
item and this approach hence produces a set of different weights for every survey
item. Furthermore, the multivariate probit model in approach 3 is described in
terms of a continuous survey item. The model in approach 3 can be extended to
handle ordered and unordered categorical survey items, as we showed in Chap-
ter 8.

If we use the survey estimates from the regular Safety Monitor as a bench-
mark, the results from the pilot SM-1 suggest that including a variable to ac-
count for the mode strategy in the linear weighting model is the best way to
adjust for nonresponse in mixed mode data collection strategies. In pilot SM-1,
the web respondents in general gave answers to the survey questions that were
more neutral than the respondents to the other modes, i.e. satisficing in the
self-administered mode. Inclusion of a variable that distinguishes between dif-
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ferent modes allows for a general shift of survey estimates, which in this pilot
was exactly the adjustment that was needed.

However, we do find evidence that paradata may have an influence on the
adjustment methods. In approach 3, some paradata variables were included in
the adjustment models. However, we did not allow for interviewer variance that
is associated with the inclusion of paradata on the interviewer. Further refine-
ments can be made to the approaches described by allowing for the inclusion
of interviewer variables, i.e. the refinement described for the multilevel model
in Chapter 8. Furthermore, the survey estimates based on approach 3 were not
closer to the estimates based on the reference survey. This, however, could be
caused by the fact that they were not simultaneously estimated. We cannot
check this hypothesis, as further development of software for the application of
the methodology described in approach 3 is needed. However, despite the issues
concerning paradata (randomness, causal relation to response behaviour), these
results seem to indicate that inclusion of paradata is valuable in nonresponse
adjustment and therefore the tailored approach should be preferred over the
uniform approach.

For now, we would advise survey researchers that work with mixed mode
surveys to include at least an additional variable for the mode into their nonre-
sponse adjustment models. This will capture the general mode effect as described
in the application to the pilot SM-1.

Mixed mode data collection has become common practice to conduct a sur-
vey. There are a number of issues concerning mixed mode. In this chapter,
we have developed methods to tackle one issue: combined nonresponse adjust-
ment in mixed mode surveys. The methods that we propose combine data from
different modes and adjust for nonresponse bias at the same time. We have,
however, not dealt with measurement errors. Instead, we assumed that mea-
surement errors are not present in the data. This is not a realistic assumption.
The administration is different per mode and can be either self-administered or
interviewer-assisted. Furthermore, per mode the data can be collected either on
a laptop, by telephone, over the mail or web. This can lead to answers that differ
per mode. Indeed, a lot of research is aimed at minimising measurement error.
However, it is likely that measurement errors are present in the data after all,
and therefore it is important that future research is directed at the development
of methods that explicitly account for these mode-effects.




