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Non-Technical Summary

Survey questionnaires can be administered through various mediums, from face-to-face
interviews to self-administration on the internet. This opens up the possibility of mixing
two or more mediums both for the same respondent (e.g., at different points in time) and
across individuals (e.g., offering the possibility of answering by web to some respondents).
These decisions influence the quality of the data collected.

In this study I compare a design that applies questionnaires face-to-face to one that uses
a combination of telephone and face-to-face in the Understanding Society Innovation Panel.
By comparing the results of the SF12, a health scale, I will show the impact of changing the
mode design on data quality and estimates of individual change.

Results show that the two designs, single mode face-to-face and multi mode
telephone/face-to-face, lead to similar data quality estimates for the 12 items analyzed.
Differences appear for one variable in two out the four waves. On the other hand, the de-
gree of individual change is overestimated for three out of 12 items when the mixed mode
(telephone/face-to-face) design was used. I conclude that combining telephone and face-to-
face may lead to similar data quality to a single mode face-to-face but the change to such a
design may overestimate individual change in panel data.
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Abstract

Mixed modes (MM) are receiving increased interest as a possible solution for
saving costs in panel surveys, although the lasting effects on data quality are unknown.
To better understand the effects of MM on panel data I will examine its impact on
random and systematic error and on estimates of change. The SF12, a health scale, in
the Understanding Society Innovation Panel is used for the analysis. Results indicate
that only one variable out of 12 has systematic differences due to MM. Also, three of
the SF12 items overestimate variance of change in time in the MM design. I conclude
that using a MM design leads to minor measurement differences but it can result in
the overestimation of individual change compared to a single mode approach.
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1 Introduction

Continuing decreases in response rates, economic pressure and technological advances have
motivated survey methodologists to find new solutions for non-response and saving costs.
Combining multiple modes of interviews (e.g., telephone, face-to-face, web) has been pro-
posed as a possible solution. This design strategy has also been considered in longitudinal
surveys. In the UK, for example, the National Child Development Study 2013 has used a
Web Self-Administered Questionnaire–Computer Assisted Telephone Interview (CATI) se-
quential design while Understanding Society (Couper, 2012) and the Labour Force Survey
(Merad, 2012) are planning a move to a mixed mode design (MMD). Although these are
exciting opportunities for innovation in survey methodology they also provide a number of
unique challenges.

As more surveys are moving to or taking into consideration MMDs additional research
regarding their effects on selection, measurement and statistical estimates is needed in order
to make informed decisions. This is even more urgent in the case of longitudinal surveys as
they face specific challenges such as attrition, panel conditioning or estimating change. In the
absence of research regarding the potential interactions of these characteristics with MMDs
it is not possible to make informed decisions about combining modes in longitudinal surveys.
For example, applying a mixed mode design may increase attrition which, in turn, may lead
to loss of power and, potentially, higher non-response bias (e.g., Lynn, 2013). Similarly,
changing the mode design may bias comparisons in time or estimates of individual change.
If such effects are present in the data, the potential benefits of saving costs may be eclipsed
by the decrease in data quality.

In order to tackle these issues I will firstly analyze the effect of using a mixed mode
design on random and systematic errors in a panel study. This will be done in the wave
in which the MMD is implemented and in subsequent waves in order to estimate both the
direct and the lasting effects due to mode design. Secondly, I will show how mixing modes
influences estimates of individual change in time. The analysis will be based on the first
four waves of the Understanding Society Innovation Panel (UKHLS-IP). These data were
initially collected using Computer Assisted Personal Interview (CAPI) but they also included
a CATI-CAPI sequential design (De Leeuw, 2005) for a random part of the sample in wave
two (McFall et al., 2013). The Short Form 12-item Survey (SF12) health scale (Ware et al.,
2007) will be used to evaluate the mode design effects.

Previous research on MMDs has concentrated on two main approaches: one that compares
modes (e.g., CATI versus CAPI) and one that compares mode design (systems) (e.g., CATI-
CAPI versus CAPI, Biemer, 2001). In the present paper I will use the latter method by
taking advantage of the randomization into mode design in the UKHLS-IP. Thus, the results
will compare mixed modes (sequential CATI–CAPI) to a CAPI single mode design (SMD),
showing mode design effects, as opposed to researching mode effects, which would be based
on a comparisons of CATI and CAPI that confound measurement and selection.

The paper will present next the main theoretical debates and current research about the
two modes included in the design: CAPI and CATI and their mixture. Then, the data, the
UKHLS-IP, and the analysis procedure, equivalence testing in Structural Equation Modeling,
will be presented. The paper will end with a presentation of the results and a discussion of
their implications.
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2 Background

In order to tackle the issues described above I will first present the theoretical framework and
current empirical findings in the literature. Thus, I will highlight differences both between
the two modes used, CATI and CAPI, and the impact of mixing modes on survey results.
The last subsection will discuss the specific challenges faced by longitudinal studies and how
they can interact with MMDs.

2.1 Mode differences: CAPI vs. CATI

There is a vast literature that compares CAPI and CATI which focuses on two
main aspects: selection (i.e., coverage and non-response) and measurement effects (see
De Leeuw and van der Zouwen, 1988; Groves and Kahn, 1979; Groves, 1990; Schwarz et al.,
1991, for an overview). Due to the data collection design used here I will ignore the debate
regarding coverage differences. Using multiple modes in longitudinal studies means that the
sampling frame is less problematic as it is possible to use the contact information avail-
able in other waves or modes. Thus, this subsection will concentrate on non-response and
measurement differences.

One of the main discrepancies that exist between the two modes used here is the channel
of communication: auditory, for CATI, as opposed to both auditory and visual, for CAPI
(Krosnick and Alwin, 1987; Tourangeau et al., 2000). These attributes can cause to system-
atic bias such as recency and primacy. While the first one refers to the favoring of response
options that are present at the end of a list and is characteristic for auditory only modes,
such as CATI, the latter refers to the preference for the first categories in a list and is a
characteristic of visual modes, such as self-completion and interviewer modes with show-
cards, such as CAPI (Schwarz et al., 1991). A number of studies have shown recency effects
in telephone studies (e.g., Bishop and Smith, 2001; Holbrook et al., 2007; McClendon, 1991)
while others showed mixed findings regarding primacy effects in self administered modes and
face-to-face surveys with showcards (e.g, Bishop and Smith, 2001; Sudman et al., 1996).

Another aspect that differentiates the modes is the perceived legitimacy of the survey
(Tourangeau et al., 2000). This may have an impact both on nonresponse, people having a
lower propensity to respond when legitimacy is low, and measurement, causing higher social
desirability. Here differences between CATI and CAPI are not as large, the latter being ad-
vantaged by the use of picture identification badges, written literature and oral presentations
given by the interviewer (Groves, 1990). On the measurement part, it is unclear which mode
leads to bigger social desirability bias. While CAPI has a slight advantage in legitimacy,
disclosure to the interviewer may be easier on the phone due to higher social distance. Pre-
vious research on the topic of these modes and social desirability has been mixed (Aquilino,
1992, 1998; Greenfield et al., 2000; Groves and Kahn, 1979; Hochstim, 1967; Holbrook et al.,
2003; Jäckle et al., 2010)

Finally, satisficing (Krosnick, 1991), the tendency not to think thoroughly the questions
and answers from the survey, may also be different between the two modes. This has two main
causes: cognitive burden and motivation. CATI is, on average, conducted at a faster pace
(Groves and Kahn, 1979; Holbrook et al., 2003; Schwarz et al., 1991), thus increasing the
burden on the respondent. Also, the absence of visual cues, like showcards or body language,
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translates into an increased burden compared to CAPI. Furthermore, the motivation can be
lower in CATI (Holbrook et al., 2003) as social distance is larger and break-offs are easier.
These three phenomena lead to a larger satisficing in CATI compared to CAPI. This effect
can be observed in more random errors, straightlining, Don’t Know’s, acquiescence and
other mental shortcuts (Krosnick, 1991) and has been found in previous research focused on
comparing the two modes (e.g., Holbrook et al., 2003; Krosnick et al., 1996).

Looking at the overall differences between the two modes, face-to-face and telephone,
some consistent results have been found. Face-to-face tend to have slightly bigger response
rates and smaller response bias when compared to telephone surveys (Aquilino, 1992; Biemer,
2001; De Leeuw and van der Zouwen, 1988; Groves and Kahn, 1979; Voogt and Saris, 2005;
Weeks et al., 1983). When analyzing effects on measurement most studies find small or
no differences at all (Aquilino, 1998; De Leeuw and van der Zouwen, 1988; Greenfield et al.,
2000), with some exceptions (e.g., Biemer, 2001; Jäckle et al., 2010).

These theoretical and empirical differences between face-to-face and telephone modes can
become manifest when MMDs are applied. Nevertheless, the way the modes are combined,
as well as the decision of modes to be used, can make potential biases harder to predict
and quantify. Thus, literature comparing mode designs have found inconclusive results.
For example, in one of the first mixed mode survey experiments Hochstim (1967) found
no differences in response rates between two mixed mode designs that included telephone
compared to a face-to-face, single mode, approach. On the other hand, other surveys found
a better response rate when using a MMD (e.g., Voogt and Saris, 2005). Similarly, for
measurement, Révilla (2010) shows that for some scales, such as social trust, there is no
measurement difference between single and mixed modes while for others, such as media
and political trust, there are. The results are furthermore complicated in the case of the
satisfaction dimension that shows differences both between the two types of data collections
and between the two types of MMDs, concurrent and sequential (De Leeuw, 2005). Although
these differences are found, they are nevertheless not as large as expected, being smaller than
the differences between the methods used (Révilla, 2010).

2.2 Mixing modes in longitudinal studies

As mentioned in the introduction, longitudinal studies are different from other surveys in
a number of ways. Three main characteristics stand out: attrition, panel conditioning and
estimates of individual change. These may, in turn, interact with the MMD. Currently there
is very limited research regarding these possible interaction effects.

The first specific challenge when collecting repeated measures from the same individuals
is attrition. While this can be considered a specific type of non-response error, it has a
number of unique characteristics: it is based on a more stable relationship between survey
organization/interviewer and respondent, and there is the possibility of using previous wave
information both for adapting data collection, and for non-response adjustment. The differ-
ences between cross-sectional (or first wave) non-response and attrition appear in previous
research in this area (Lugtig et al., 2014; Watson and Wooden, 2009). This phenomenon can
be complicated when combined with a MMD. For example, Lynn (2013) has showed how two
different MMDs that used a CATI-CAPI sequential approach can lead to different attrition
patterns, both compared to each-other and to a CAPI SMD.
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A second issue specific to longitudinal studies is panel conditioning. This process takes
place when learning or training effects appear due to the repeated exposure of the respondents
to a set a questions/topics. This, in turn, results in a gain in reliability and consistency
in time of responses (Sturgis et al., 2009). Applying MMDs in panel surveys makes this
measurement effect unpredictable, as it may interact with the new mode or the way in which
the modes are mixed. Presently there is only limited information on how panel conditioning
may interact with the MMD. Cernat (2013) has showed that switching from a CAPI design
to a CATI-CAPI sequential approach does not change patterns of reliability and stability,
indicating that panel conditioning may not interact with a MMD. Nevertheless, more research
is needed to see if this is true using different approaches for measuring conditioning in longer
panel studies and for different combinations of modes.

Lastly, panel surveys are especially developed to estimate individual changes in time for
the variables of interest. Previous research has showed that these change coefficients are less
reliable than the variables that compose them (Kessler and Greenberg, 1981; Plewis, 1985).
Their estimation is even more complicated in the case of longitudinal studies that either use
a MMD from the beginning or change to such a design in time. Any differences confounded
with the new mode(s) or the MMD will bias estimates of change in unknown ways. So far
there is no research on this topic.

3 Data and methodology

In order to tackle some of the issues presented above I will be analyzing the first four waves
of UKHLS-IP, which is described in more detail in the next subsection. The statistical
approach used, equivalence testing of the measurement model and the estimates of change,
as well as the procedures applied are discussed in the subsequent sections.

3.1 Data

In order to investigate the impact of mixing modes on errors and estimates of change in
panel data I will be using the Understanding Society Innovation Panel. The data is repre-
sentative of the UK population (England, Scotland and Wales) over 15 and the sampling
frame is the Postcode Address File. Here only the first four waves of data (collected one
year apart starting from 2008) will be used. The conditional household response rates were
59% (1,489 households), 72.7% (1,122 households), 66.7% (1,027 households) and 69.9% (916
households), respectively, for each of the four waves. The conditional individual response
rates were: 84%, 84%, 79% and 79.4%. The fourth wave added a refreshment sample of
960 addresses by applying the same sampling approach. The household response rates for
these were 54.8% (465 households) while the individual ones were 80.1% (for more details:
McFall et al., 2013) .

The UKHLS-IP was developed in order to explore methodological questions based on
experiments. One of these randomized 2/3 of the sample to a CATI-CAPI sequential design,
while the other 1/3 participated in a CAPI SMD in the second wave. Approximately 68%
of the respondents in the MMD responded by telephone, while the rest did so face-to-face
(McFall et al., 2013). Overall, the response rates for the MMD were significantly lower than
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Table 1: The SF12 scale measures physical and mental health and is based on eight initial
subdimensions measured in SF32.

Dimension Subdimension Code Abbreviated content

Physical

General health SF1 Health in general

Physical functioning
SF2a Moderate activity
SF2b Climbing several flights

Role physical
SF3a Accomplished less
SF3b Limited in kind

Bodily pain SF5 Pain impact

Mental

Role emotional
SF4a Accomplished less
SF4b Did work less carefully

Mental health
SF6a Felt calm and peaceful
SF6c Felt downhearted and depressed

Vitality SF6b Lot of energy
Social functioning SF7 Social impact II

in the SMD (see for mode details: Lynn, 2013). For the rest of the four waves all respondents
participated using CAPI SMD.

The UKHLS-IP included a large number of topics, from household characteristics to
income sources and health ratings. In order to evaluate the impact of the MMD on mea-
surement errors and estimates of change the SF12 will be analyzed. This scale is the short
version of the SF32 and has a wide range of applications, both in health research, and in the
social sciences (Ware et al., 2007). The questions and the dimensions/subdimensions that
they represented by each item can be found in Table 1.

In addition to the fact that the SF12 is widely used and, thus, research based on it would
prove useful in a range of fields, analyzing it has some extra advantages. Firstly, it is a scale
that is backed up by theory and has been widely tested before. As a result, using it will
highlight how mode design differences impact both reliability and validity. Additionally, the
scale measures a relatively intimate topic, which may lead to increases in social desirability.
This may give us insight in the ways in which the different mode designs may influence
aspects such as legitimacy, social distance and trust. Lastly, the scale has both positively
and negatively worded questions, which would make differences in acquiescence (i.e., the
tendency of selecting the positive answer) more obvious (Billiet and McClendon, 2000).

3.2 Equivalence testing

The previous section has revealed that the main focus of the mixed modes research is to find
causal effect of mode or mode design systems. This can be done either with specific statistical
models or (quasi-)experimental designs. The present paper applies the latter approach in
order to measure causal effects of mode design. Due to randomization to mode design I am
able to compare the SMD to the MMD without having to use statistical models for selection.
The remaining task is to compare the two mode designs. In order to do this I will be utilize
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Structural Equation Modeling (SEM, Bollen, 1989). In this framework, statistically testing
differences in coefficients across groups is called equivalence testing.

This approach can be used to compare measurement models across groups. The
Classical Test Theory put forward by Lord and Novick (1968) decomposes the observed
items in true scores and random errors. Further development has added to this model
systematic errors such, as method effects (Campbell and Fiske, 1959; Saris et al., 2004;
Saris and Gallhofer, 2007), social desirability (Holtgraves, 2004; Tourangeau et al., 2000)
or acquiscence (Billiet and Davidov, 2008; Billiet and McClendon, 2000). Using multiple
measures of the same dimension (Alwin, 2007), it is possible to estimate the theoretical con-
cept using a latent variable with Confirmatory Factor Analysis (CFA). In this framework
the loading (or slopes) linking the latent variable and the observed variable is the reliabil-
ity, while the intercepts are the bias (van de Vijver, 2003). This can be incorporated in a
Multi Group Confirmatory Factor Analysis when comparing more groups using equivalence
(Millsap, 2012; Steenkamp and Baumgartner, 1998; van de Schoot et al., 2012).

Previous research using this approach has focused on three types of equivalence that can
be further extended. The first type is called configural equivalence. If this type of equivalence
is found in the data, the structure of the measurement model (i.e., the relationships between
latent variables and observed scores) is similar across groups. This can be made more
restrictive by assuming metric equivalence, thus implying that the loadings are equal between
the groups analyzed. Theoretically, this means that part of the reliability/random error is
equal across the groups. Furthermore, the model can also assume that the intercepts are
equal across groups, leading to scalar equivalence. This latter step implies that part of
the systematic error is the same across groups. Only when this last type of equivalence is
found can the means of the latent variables be meaningfully compared. These three types
of equivalence can be extended by constraining more parts of the measurement model to
be equal. These can be: the variances of random error, the variances of substantial latent
variable, correlations between latent variables or the means of the substantial latent variable.
The measurement model can also be conceptualized as one composed of three parts: random
error, systematic error and the substantial part. Thus, differences between groups in loading
or variance of random error indicate that there is unequal reliability across groups (Bollen,
1989), the intercept or thresholds are linked to systematic error (Chen, 2008), while the rest
of the constraints are linked to substantive variance.

Applying equivalence testing to the mode design comparison can make possible the iden-
tification of mode design effects in the different parts of the measurement model. This would
help pinpoint the differences between the two designs and indicate possible causes. Further-
more, when the comparison of the groups is supported by randomization, all the differences
can be associated with the mode design system (Biemer, 2001).

With SEM it is also possible to estimate individual change in time by using Latent
Growth Models (LGM, Bollen and Curran, 2005). These have been developed to estimate
both within and between variation and are equivalent to a multilevel model with a random
intercept and slope. The LGM estimates the means for the intercept and slope latent vari-
ables (i.e., intercept and a slope for time in a multilevel/hierarchical model), their variances
(i.e., random intercepts and slopes for time) and the correlation between the two. Combin-
ing the LGM with equivalence testing makes it possible to evaluate the degree to which the
estimates of change in time are equal between the groups. When applying this approach to
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a mode design comparison in panel data, I am able to investigate how much the switch in
data collection approach biases individual estimates of change.

3.3 Analytical approach

The analysis will be carried out in three main steps. The first one will evaluate, using CFA,
the fit of the theoretical model of the SF12 to the UKHLS-IP data. The best-fitting model
will be used for the equivalence testing in the second step. This will be done in order to
gauge mode design effects in the random and systematic parts of the model. The procedure
will be repeated in each of the four waves. The analysis in the first wave will provide a test
of randomization, as no differences are expected before the treatment. On the other hand,
the equivalence testing in waves three and four will evaluate the lasting effects of mixing
modes on the measurement model. Any differences in these waves can be linked to effects of
mode design on attrition or panel conditioning. The last stage of the analysis will evaluate
the impact of the mixed mode design on estimates of change by testing the equivalence of
the LGM for each variable of the SF12.

In order to evaluate the similarity of the SF12 measurement model across mode designs,
seven models for each wave will be tested. The cumulative equality constraints applied to
the model are:
- Model 1: same structure (configural invariance);
- Model 2: loadings (metric invariance);
- Model 3: thresholds (scalar invariance);
- Model 4: error variances (equal random error);
- Model 5: latent variable variances;
- Model 6: correlations;
- Model 7: latent variable means.

The models represent different degrees of equivalence and, as a result, of different mode
design effects. Thus, if the best fitting model is Model 1, then all the coefficients are different
across mode designs. While, at the other extreme, if Model 7 is the best one, then there are
no mode design effects. Model 4 is an intermediate step and if it is found to be the best
fitting one it means that random and systematic error are the same across mode designs,
but the substantial coefficients are not.

In order to evaluate the impact of mode design on estimates of change, the third step
in the analysis, the following models will be applied to each of the SF12 variables. The
cumulative equality constraints applied to the LGM in the two mode designs are:
- Model 1: no constraints;
- Model 2: slope means;
- Model 3: slope variance;
- Model 4: correlation between intercept and slope.

Here, again, if Model 1 is the best fitting model then all the change estimates are different
across mode designs, while if Model 4 is chosen then there are no mode design effects in
estimates of change.

The mean and variance of the intercept latent variable will not be tested. Firstly, the
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mean of the intercept latent variable is assumed to be 0 in the LGM. Secondly, I do not
expect any differences at the starting point between the two groups because the same mode
design was applied, and selection in mixed mode experiment was randomized. On the other
hand, the equality of the relationship between change in time and the starting point can be
tested using Model 4.

In order to estimate these models I will be using Mplus 7 (Muthén and Muthén, 2012).
For missing data Full Information estimation will be used, assuming MAR given the
measurement model (Enders, 2010). For the equivalence testing Weighted Least Squares
Means and Variance (WLSMV, Asparouhov and Muthén, 2010; Millsap and Yun-Tein, 2004;
Muthén et al., 1997) will be applied in order to take into account the categorical character
of the data. No weighting will be used.

Equivalence testing can be complicated when applied to ordinal data. This is true for the
variables that are analyzed here. In this case a number of restrictions have to be used. Here
I will use the Theta approach (Millsap and Yun-Tein, 2004; Muthén and Asparouhov, 2002).
This implies adding the following constraints to the models in order to have convergence:
- all intercepts are fixed to 0;
- each item will have one threshold equal across groups;
- one item for each latent variable will have two equal thresholds across groups;
- for LGM, all the thresholds of the observed items are equal across groups.
For more details about the statistical procedures used for equivalence see
Millsap and Yun-Tein (2004), Millsap (2012) and Muthén and Asparouhov (2002).

4 Analysis and Results

In order to evaluate the effect of the MMD on data quality and estimates of change, three
steps will be followed. In the first step, presented in the next subsection, I will analyze the
measurement model for the SF12 scale. This will be used in subsection 4.2 to identify how
the MMD influence data quality both in the wave in which applied, namely wave two of the
UKHLS-IP, and in the following waves. In the last subsection, I will show what is the effect
of changing to a MMD on the estimates of individual change in health.

4.1 Base model

The first step of the analysis will explore to what degree the theoretical model of the SF12
is found in the UKHLS-IP. Although the SF12 is widely used both in health and the social
sciences, CFA is rarely used to evaluate it. The theoretical model will be tested using the first
wave, with the entire sample of UKHLS-IP. Additional relationships, such as correlated errors
or cross-loadings, will be added using Modification Indices and goodness of fit evaluation.
The final model selected in the first wave will be tested in the next three waves in order to
have a confirmatory testing approach and avoid capitalization on chance.

The SF12 theoretical model put forward by Ware et al. (2007) is presented in Figure 1.
As opposed to the SF32, the subdimensions are only measured by one or two variables (see
Table 1) and, thus, are not reliable enough to be estimated individually. As a result, the two
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Figure 1: The theoretical model of the SF12 does not fit the UKHLS-IP data. A number of
cross-loadings and correlated errors are evident in the data.

Theoretical model
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Empirical model
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main dimensions, physical and mental health, will be estimated using latent variables, each
with six variables.

This is the first model tested and presented in Table 2. The model has a moderate fit,
with the CFI indicating good fit (Hu and Bentler, 1999), 0.977, while the RMSEA indi-
cating poor fit, 0.103. Using the biggest Modification Indices, which are also theoretically
consistent, I add cross-loadings and correlated errors. The ∆χ

2 method, difference in χ
2 and

degrees of freedom between nested models, is used to test whether the newly added coeffi-
cient significantly improves the model1. All the new relationships lead to improvements in
fit. The final model (which is also presented in Figure 1) has a good fit both for RMSEA
(0.033) and CFI (0.998) and also fits well in waves two, three and four.

1The Mplus function DIFFTEST is used here and the next sections for the ∆χ
2 method, because of the

WLMSV estimation. For more details refer to: http://www.statmodel.com/chidiff.shtml
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Table 2: Model fit after cumulatively adding cross-loadings and correlated errors to the SF12
in wave one of the UKHLS-IP. Final model is also tested in the subsequent three waves.

Model χ
2 df RMSEA CFI ∆χ

2 ∆df p

Ware et al. 2007 1493.63 53 0.103 0.977
SF6b 1143.05 52 0.09 0.983 158.83 1 0.00
SF7 746.91 51 0.073 0.989 149.79 1 0.00

SF3b with SF3a 592.93 50 0.065 0.992 86.13 1 0.00
SF4b 474.69 49 0.058 0.993 59.88 1 0.00

SF4a with SF4b 418.94 48 0.055 0.994 38.86 1 0.00
SF4a 306.81 47 0.046 0.996 52.03 1 0.00

SF6b with SF6a 230.31 46 0.04 0.997 74.15 1 0.00
SF2b 199.14 45 0.037 0.998 22.73 1 0.00
SF2a 170.24 44 0.033 0.998 19.66 1 0.00

Wave 2 134.75 44 0.033 0.998
Wave 3 159.45 44 0.043 0.998
Wave 4 214.18 44 0.045 0.997

While a number of new relationships have been added to the initial model, most of them
have theoretical foundations or have been found in previous research. For example, two of
the correlated errors are present between items that measure the same subdimensions: role
physical and role emotional. The third correlation, between SF6a and SF6b has not been
found previously, but may be due to the similar wording (as in the case of Maurischat et al.,
2008) or the proximity. Also, some of the cross-loadings found here were highlighted by
previous research on the scale (Cernin et al., 2010; Resnick and Nahm, 2001; Rohani et al.,
2010; Salyers et al., 2000). Finally, some of the cross-loadings may be due to the vague words
used in the items, which may be associated both with physical and mental health, such as
those found in role emotional, vitality and social functioning dimensions.

4.2 Equivalence testing across the four waves

Using the model chosen in the previous subsection (empirical model in Figure 1) I will test
the cumulative constraints of the measurement model across the two mode designs using
the sequence presented in Section 3.3. The first wave will be analyzed in order to test the
randomization into the treatment. Because everything is the same between the groups in
wave one, before the mixed mode design was implemented, no differences are expected in the
measurement model. Table 3 shows the results of this analysis. Using once again the ∆χ

2

method, it can be seen that all constraints hold in wave one of the data, meaning that the
measurement model is compeltely equivalent between the two mode designs. This implies
that random and systematic error, but also substantial coefficients like the mean of the latent
variables, are equal across the two groups.

Next, the wave two data is analyzed. This is the wave in which the mixed mode design
was implemented and where the biggest differences are expected. The results show that the
metric equivalence, equal loadings, is reached. On the other hand, scalar equivalence, equal
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thresholds, is not reached as the ∆χ
2 is significant. By investigating the Modification Indices

and the differences in thresholds, SF6a, ’Felt calm and peaceful’, is identified as the potential
cause. When this threshold is freed the ∆χ

2 test is not significant, so, there is partial scalar
invariance for all variables except SF6a (Byrne et al., 1989). The rest of the constraints
imposed hold, indicating that the only difference in the measurement model between the
two mode designs is in the thresholds of SF6a.

Using the same procedure in wave three indicates that the threshold for one of the
variables is not equal across the two mode designs. This time the SF4b, ’Did work less
carefully’, is unequal. Once again, the rest of the coefficients are equal across the two
groups. Because the same data collection was used in this wave (i.e., CAPI), differences can
only be caused by the interaction of mode design and attrition or panel conditioning.

The evaluation of the fourth wave indicates that there is complete equivalence across
the two mode designs. This means that any differences caused by the mode design on the
measurement model disappeared after two waves.

Having a closer look at the two significant differences found in the previous analyses
reveals that the thresholds for SF6a in wave two are larger for the mixed mode design (Table
4). As mentioned before, this difference can be caused either by measurement, selection
or an interaction of the two. Unfortunately they cannot be empirically disentangled using
this research design. When considering measurement two main explanations appear: social
desirability (Chen, 2008) and acquiescence. Due to the wording of the question, a higher
score is equivalent to lower social desirability. As a result, if this is indeed the cause, then
the MMD, with the use of CATI, leads to lower social desirability. On the other hand, if
acquiescence is the main cause, the systematic error is bigger in the mixed mode design.
Alternatively, the difference may also mean that the CATI-CAPI sequential design tends to
select more people who feel less often calm and peaceful (i.e., poorer mental health). Lastly,
an interaction of the two explanations is also possible. For example, the mixed mode design
may select fewer people who tend to respond in a socially desirable way.

In wave three, the thresholds of SF4b (’Did work less carefully’) are significantly dif-
ferent between the two groups (Table 4). Because the measurement was the same in this
wave for both groups (i.e., CAPI), there are two possible explanations: attrition or panel
conditioning. The latter is theoretically associated with increase reliability in time (e.g.,
Sturgis et al., 2009), which would not explain differences in systematic error. As a result,
the main theoretical explanation may be the different attrition patterns. This hypothesis is
also supported by previous research (Lynn, 2013) which found different attrition patterns
resulting from the mixed-mode design in these data.

4.3 Equivalence of latent growth models

Next, for each variable of the SF12, the LGM presented in Section 3.3 are tested using the
∆χ

2 method. The results indicate that only three variables have any differences in their
estimations of individual change (Table 5): SF6a (’Felt calm and peaceful’), SF6c (’Felt
downhearted and depressed’) and SF6b (’Lot of energy’). The first two are part of the same
subdimension, mental health, while SF6b measures the vitality subdimension. All three are
part of the mental dimension of the SF12 and differ in the same coefficient, the variance of
the slope parameter (i.e., random effect for change in time).
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Table 3: The equivalence of the SF12 health scale across mode designs in the four waves of
UKHLS-IP is tested. The mixed mode design has an effect on the threshold of SF6a in wave
two and in the next wave on SF4b.

Wave Model χ
2 df RMSEA CFI ∆χ

2 df p

Wave 1

Baseline by groups 189.71 90 0.036 0.997
Metric invariance 185.57 106 0.03 0.998 20.3 16 0.21
Scalar invariance 216.68 136 0.027 0.998 43.3 30 0.05
Eq. err variances 214.1 148 0.023 0.998 13.9 12 0.30
Eq. latent variances 194.33 150 0.019 0.999 2.11 2 0.35
Eq. correlations 190.4 154 0.017 0.999 4.42 4 0.35
Diff. latent means 201.37 152 0.02 0.999 1.33 2 0.51

Wave 2

Baseline by groups 185.92 90 0.035 0.997
Metric invariance 180.69 106 0.028 0.998 20.6 16 0.20
Scalar invariance 219.44 136 0.026 0.998 49.1 30 0.02
Free SF6a thresholds 210.93 133 0.026 0.998 40 27 0.05
Eq. err variances 210.93 145 0.023 0.998 16 12 0.19
Eq. latent variances 184.91 147 0.017 0.999 1.1 2 0.58
Eq. correlations 184.25 151 0.016 0.999 5.69 4 0.22
Diff. latent means 193.52 149 0.018 0.999 1.33 2 0.52

Wave 3

Baseline by groups 211.97 90 0.049 0.998
Metric invariance 199.97 106 0.039 0.998 19.7 16 0.23
Scalar invariance 230.23 136 0.035 0.998 45.7 30 0.03
Free SF4b thresholds 223.48 133 0.034 0.998 38.6 27 0.07
Eq. err variances 215.37 145 0.029 0.999 10.7 12 0.56
Eq. latent variances 208.5 147 0.027 0.999 4.77 2 0.09
Eq. correlations 194.98 151 0.023 0.999 3.08 4 0.54
Diff. latent means 206.2 149 0.026 0.999 0.94 2 0.63

Wave 4

Baseline by groups 210.04 90 0.05 0.996
Metric invariance 193.7 106 0.035 0.998 17 16 0.38
Scalar invariance 205.37 136 0.031 0.998 32.3 30 0.35
Eq. err variances 211.84 148 0.029 0.998 18 12 0.12
Eq. latent variances 212.74 150 0.028 0.998 5.76 2 0.06
Eq. correlations 211.41 154 0.027 0.998 7.79 4 0.10
Diff. latent means 226.98 152 0.031 0.998 0.61 2 0.74

Gray background indicates freely estimated coefficients.
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Table 4: Mixed modes overestimate the threshold of SF6a compared to the single mode in
wave two and underestimates the threshold of SF4b in wave three.

Wave Threshold Mixed mode Single mode

Wave 2

SF6a$1 −1.718 −1.718
SF6a$2 0.431 0.320
SF6a$3 1.536 1.349
SF6a$4 2.570 2.124

Wave 3

SF4b$1 −4.472 −4.472
SF4b$2 −3.985 −3.254
SF4b$3 −2.389 −2.231
SF4b$4 −1.151 −1.122

A more detailed look indicates that the mixed mode design leads to the overestimation
of individual change for all three variables: 0.116 versus 0.047 for SF6a, 0.078 versus 0.025
for SF6b and 0.108 versus 0.017 for SF6c. A number of factors may explain the pattern.
Firstly, the switch of mode may lead to changes that are not substantial (i.e., measurement
noise) and, thus, biasing the estimates of change. Alternatively, the change of mode design
can cause a decrease in panel conditioning, this, in turn, leading to a less stable change in
time estimates. This seems less probable given Section 4.2 and previous research on this data
(Cernat, 2013). Lastly, attrition may cause a mode design effect that also impacts estimates
of change. Previous research (Lynn, 2013) appears to support such a hypothesis.

5 Conclusions and discussion

Overall the results show small differences between the two mode designs. When the modes are
mixed (wave two of UKHLS-IP) significant differences are present only for one variable out of
12 (SF6a, ’Felt calm and peaceful’), with higher threshold for the mixed mode design. Two
main explanations are put forward: measurement, through social desirability or acquiescence,
and selection. Depending on the reference design, the systematic bias can be higher in either
the MMD (in case of acquiescence), or the SMD (in case of social desirability). Alternatively,
the mode design effect may be caused by non-response bias. The latter explanation is also
partially supported by previous research (Lynn, 2013) and by the effect found in wave three.

Looking at the waves after the change to a mixed mode design takes place shows, once
again, either small or no differences. The only discrepancy appears in the threshold of a
different variable, SF4b (’Did work less carefully’), in wave three. Here, because the same
data collection procedure was used, two main explanation present themselves: attrition
or panel conditioning. Theoretical and empirical results presented in the previous section
support the former explanation.

The equivalence testing of the LGM shows that only three of the SF12 variables have
mode design effects in their estimates of individual change. For all three of them the same
coefficient is biased in the same direction. It appears that for these items the mixed mode
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Table 5: For three out of the 12 items tested the mixed mode design has significantly different
variance of the slope.

Variable Model χ
2 df RMSEA CFI ∆χ

2 df p

SF6a

Baseline by groups 53.442 30 0.03 0.989
Equal mean of slope 51.64 31 0.027 0.991 1.04 1 0.31
Equal variance of slope 58.717 32 0.031 0.988 6.92 1 0.01
Equal correlation 58.343 33 0.029 0.988 2.55 1 0.11

SF6b

Baseline by groups 94.013 30 0.049 0.985
Equal mean of slope 83.347 31 0.043 0.988 1.86 1 0.17
Equal variance of slope 87.49 32 0.044 0.987 4.49 1 0.03
Equal correlation 78.601 33 0.039 0.989 0.01 1 0.92

SF6c

Baseline by groups 44.123 30 0.023 0.993
Equal mean of slope 42.992 31 0.021 0.994 0.69 1 0.41
Equal variance of slope 51.625 32 0.026 0.991 8.98 1 0.00
Equal correlation 48.285 33 0.023 0.993 1.43 1 0.23

Gray background indicates unequal coefficients.

design overestimates variation of individual change. All three variables measure the same
dimension, mental health, and use vague and subjective terms such as: calm, peaceful, a lot
of energy or downhearted and depressed. One possible explanation can be that the mixed
mode design adds extra noise that leads to overestimation of change in time. This may be
especially the case for questions regarding subjective/attitudinal measures. Alternatively,
the non-response bias observed in other studies may cause this pattern (Lynn, 2013).

The results of the study have a series of implications for surveys that plan to use mixed
mode designs and for survey methodology more generally. On the one hand, it appears that
the mixed mode design (CATI-CAPI) has a small impact on the measurement (compared
to CAPI). Nevertheless, when a mode design effect appears it may be lasting. On the other
hand, the mode design effects seem to decrease/disappear after two waves (similar to the
findings of Lynn (2013)).

Secondly, mixed mode designs can have an effect on estimates of individual change. While
this effect was found only in three out of the 12 variables analyzed, the differences can be up
to six times larger in the mixed mode design. This (change in) mode design may lead to the
overestimation of the variance of individual change in time (i.e., how different the change
in time is between people). Attitudinal, subjective items may be especially prone to such
effects.

Lastly, the paper has proposed two new ways of looking at mode design effects using
equivalence testing in SEM. Both of them can be used in longitudinal studies and, com-
bined with a quasi-experimental design, they make for strong tools to be used in this field.
Equivalence testing with CFA has two more advantages. Firstly, it can also be used in
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cross-sectional designs, such as those used by the European Social Survey mode experiments
(Martin, 2011). Secondly, and more importantly, it can be used to correct for mode or mode
design effects when two or more such designs are used. Thus, using the analysis presented
above it would be possible to save the scores of the mental and health dimensions while
taking into account the measurement differences in mode designs. These can be added to
the dataset and made available to users. As more surveys are looking to switch to MMDs,
this may prove a useful way to correct for measurement differences when scales are used.

As any study, the present one has a series of limitations. The first one refers to the design
used by the UKHLS-IP. While it gives the opportunity to see the lasting effects of mixing
modes, it is not a very common design. It is more likely that surveys will continue to use the
mixed mode design after such a change takes place and not move back to a SMD after one
wave, as in the data used here. That being said there are examples of surveys that followed
such a move. For example, the National Child Development Study will move back to a SMD
after just one wave of using the MMD.

Also, the paper does not aim to disentangle measurement and selection effects. While
the use of randomization is used to associate the differences found to the mode design, other
statistical models are needed to distinguish between measurement and selection into mode
(e.g., Lugtig et al., 2011; Vannieuwenhuyze and Loosveldt, 2012). Here only theoretical ar-
guments and previous empirical work are explored as potential explanations.
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6 Annex

Table 6: Estimates of individual change are equal across the two mode designs in nine out
of twelve SF12 items.

Variable Model χ
2 df RMSEA CFI ∆χ

2 df p

SF1

Baseline by groups 104.66 30 0.053 0.995
Equal mean of slope 81.63 31 0.043 0.996 0.01 1 0.92
Equal variance of slope 81.893 32 0.042 0.997 1 1 0.32
Equal correlation 78.216 33 0.039 0.997 2.78 1 0.10

SF2a

Baseline by groups 55.095 16 0.052 0.994
Equal mean of slope 54.274 17 0.05 0.994 0.03 1 0.25
Equal variance of slope 51.408 18 0.046 0.995 1 1 0.64
Equal correlation 41.072 19 0.036 0.997 1.05 1 0.90

SF2b

Baseline by groups 47.637 16 0.047 0.996
Equal mean of slope 46.567 17 0.044 0.997 0.17 1 0.68
Equal variance of slope 44.856 18 0.041 0.997 0.19 1 0.66
Equal correlation 36.992 19 0.033 0.998 1.12 1 0.29

SF3a

Baseline by groups 91.3 30 0.048 0.983
Equal mean of slope 86.036 31 0.045 0.985 1.34 1 0.25
Equal variance of slope 85.085 32 0.043 0.985 0.22 1 0.64
Equal correlation 68.571 33 0.035 0.99 0.02 1 0.90

SF3b

Baseline by groups 84.511 30 0.045 0.988
Equal mean of slope 81.492 31 0.043 0.989 1.74 1 0.19
Equal variance of slope 80.63 32 0.041 0.99 1.32 1 0.25
Equal correlation 62.981 33 0.032 0.994 1.06 1 0.30

SF4a

Baseline by groups 95.329 30 0.049 0.958
Equal mean of slope 92.135 31 0.047 0.961 0.08 1 0.78
Equal variance of slope 92.148 32 0.046 0.962 1.19 1 0.28
Equal correlation 77.391 33 0.039 0.972 1.1 1 0.30

SF4b

Baseline by groups 68.638 30 0.038 0.962
Equal mean of slope 68.901 31 0.037 0.963 2.19 1 0.14
Equal variance of slope 68.28 32 0.036 0.965 0.45 1 0.50
Equal correlation 60.74 33 0.031 0.973 1.11 1 0.29

SF5

Baseline by groups 65.812 30 0.037 0.987
Equal mean of slope 62.807 31 0.034 0.988 0.47 1 0.49
Equal variance of slope 62.107 32 0.032 0.989 1.1 1 0.29
Equal correlation 52.172 33 0.025 0.993 0.08 1 0.78

SF7

Baseline by groups 51.677 30 0.028 0.99
Equal mean of slope 50.168 31 0.026 0.991 0.18 1 0.68
Equal variance of slope 61.6 32 0.032 0.986 9.57 1 0.00
Equal correlation 51.029 33 0.025 0.991 0 1 0.96

21


