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a b s t r a c t

Self-report inventories enable efficient assessment of mental attributes in large representative surveys.
However, an inventory can be administered in several ways whose equivalence is largely untested. In the
present study, we administered thirteen psychological questionnaires assessing positive and negative
aspects of mental health. The questionnaires were administered by four different data collection
methods: face-to-face interview, telephone interview, online questionnaire, and offline questionnaire.
We found that twelve of the questionnaires differed in survey methods. Although, some studies showed
that social desirability tends to be highest for telephone survey and lowest for web survey. Furthermore,
the effects of social desirability should be the same for the online and offline samples. However, there
were no statistically significant differences between the face-to-face and telephone samples for the
anxiety scale, the stress scale, and the tradition scale. We also found that for eight scales, the online
sample was statistically different from the offline sample in the respondent answers. Moreover, the
survey method effects were only moderated by age. Finally, measurement invariance across the four
survey methods was tested for each self-report measure. There was full strong measurement invariance
established for nine of thirteen scales and partial strong measurement invariance for the remaining four
scales across the four survey methods. These findings indicated that measurement invariance was
affected by different survey methods.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Self-report measures are widely used to study and assess per-
sonality characteristics and various aspects of health and behavior.
More recently, however, traditional paper pencil surveys have been
challenged by computer supported surveys. Since the rapid
expanding of the internet, online surveys became more and more
popular (Griffiths, Lewis, Ortiz de Gortari,& Kuss, 2014). There are a
number of advantages for this approach: simplified work for the
interviewers, fast data processing, and low costs (Beebe, Mika,
Harrison, Anderson, & Fulkerson, 1997; Rosenfeld, Booth-Kewley,
& Edwards, 1993). Not surprisingly, however research found that
different survey methods can lead to different responses although
the same questions were asked (Kiesler & Sproull, 1986). This is
hang), lars.kuchinke@rub.de
lia.velten@rub.de (J. Velten),
called “mode effect”, and a number of such effects have been
identified. Social desirability is one of the most studied mode ef-
fects. The results of these studies, however, have been inconsistent.
To illustrate, many studies examined data quality and the effects of
social desirability when using different survey methods. In some
studies, computer surveys yielded similar results as paper and
pencil surveys, e.g., on attitude questionnaires (Booth-Kewley,
Edwards, & Rosenfeld, 1992) or for personally sensitive questions
(Knapp & Kirk, 2003). In other studies, however, different results
were found when using different survey methods, e.g., on
satisfaction-dissatisfaction questions (Dillman et al., 2008) or on
questions about consumption frequency and preferences related to
wine (Szolnoki & Hoffmann, 2013). Furthermore, response biases
for telephone interviews and internet questionnaires caused by
social desirability have been reported (Chang & Krosnick, 2009).
Here, more social desirability was manifested for telephone
compared to Internet surveys, respectively. Some studies also
showed that biases related to social desirability tended to be
highest for telephone surveys and lowest for web surveys
(Holbrook, Green, & Krosnick, 2003; Kreuter, Presser, &
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Tourangeau, 2008). More recently, however, a meta-analysis
concluded that social desirability was the same in offline, online
and paper surveys (Dodou & de Winter 2014). Hence, this shows
that the scientific state concerning the effects of social desirability
is still inconsistent, and more research is needed to advance our
understanding of its effects and underlying mechanisms.

A possible explanation of these inconsistencies could be the lack
of large representative population samples with sufficient power to
detect relevant effects. Moreover, in-depth investigations of mea-
surement invariance across different assessment modes are sparse.
Some studies examined the measurement invariance when using
web surveys compared to paper and pencil methods (Davidov &
Depner, 2011; Fang, Wen, & Prybutok, 2014). Human value scales
were found scalar invariant between online and paper-pencil sur-
veys in Davidov and Depner's study. But, in Fang's study, paper-
pencil survey was found nonequivalent to social media surveys
on personal and global innovativeness scales. To the best of our
knowledge, there is no research yet examining the measurement
invariance for psychological questionnaires across common survey
methods within representative samples. When comparing groups,
it is assumed that the used measures target the same construct in
all groups. If this assumption does not hold, however, the com-
parisons across the groups can neither be evaluated meaningfully
nor interpreted adequately. Therefore, the establishment of mea-
surement invariance is a prerequisite when applying self-report
measures (Milfont & Fischer, 2010). Hence, its investigation is an
important target when using self-report measures.

Within this context there is another issue to consider. That is, it
may make a difference whether the self-report scales target more
or less general, innocuous personality characteristics or more
sensitive constructs such as positive or negative aspects of mental
health. The latter concepts are often related to issues that many
people consider socially sensitive, e.g., social support, represented
by the number of friends one has, or personal (un-) happiness
(Fydrich, Sommer, Tydecks, & Br€ahler, 2009; Kessler et al., 2015;
Maercker et al., 2015). Following this, our study addressed these
particular domains.

The present study had twomain foci, namely examining the role
of social desirability for and the existence of measurement invari-
ance in various data collection methods assessing positive and
negative aspects of mental health. Therefore, four survey methods
in four German representative samples were applied: face-to-face
interviewing, online questionnaires, offline questionnaires, and
telephone interviewing. All four survey methods included thirteen
different measures assessing positive and negative mental health.
In order to ensure sufficient statistical power and generalizability of
the results, we studied large representative population samples
(N > 2000 for each sample). There were three research aims. The
first is related to the role of social desirability. Social desirability
was operationalized as the difference in responses for different
kinds of self-report measures for all four survey methods. There
were two research questions: Will the largest difference in re-
sponses for the different kind of measures occur between online
and telephone samples (see Holbrook et al., 2003), or between
offline and telephone samples (see Dodou & de Winter 2014). Will
the online sample deliver the same responses for different kind of
self-report measures as the offline sample? This would be in line
with results of the meta-analysis by Dodou and de Winter (2014).
The second aim involved an exploratory question and concerned
the moderating role of age, gender, and education level for the
observed effect of social desirability. The third aim concerned the
measurement invariance. Here, we tested the configural invariance,
weak invariance, and strong invariance across the four survey
methods.
2. Methods

Participants were recruited within the Bochum Optimism and
Mental Health Studies (BOOM) program, which aimed to identify
protective factors related to positive mental health in different
countries. Four representative German samples were tested in
2012, each one using a different data collection method: face-to-
face interview, online questionnaire, telephone interview, or
offline-panel (Forsa.Omninet). Each sampling had its own
procedure:

The face-to-face sample (N ¼ 1870) and the online sample
(N ¼ 2039) were both conducted via the market research company
GfK, and included the same weighting factors, i.e., age, gender,
state, city size, size of household and occupation of head of
household. The face-to-face sample used the Computer Assisted
Multimedia Questioning (CAM) method and the online sample
used the Computer Assisted Web Interviewing (CAWI) method.

The Offline sample (Forsa.Omninet) (N ¼ 2021) was collected by
a German market research company named Forsa Ltd. The re-
spondents answered the questions on their home PC or on their TV
screen, which are linked to Forsa's own proprietary environment
using a device called “set-top-box", implying that the internet was
not needed for this data collection method. The Forsa.Omninet
sample currently consists of 10.000 representatively selected
households in Germany. The data was weighted by age, gender,
federal state, and education.

The telephone sample (N ¼ 2007) was conducted by another
German market research company called USUMA. The sampling
frame, which is called “ADM-Telefonstichproben-System”, is based
on the amount of available telephone numbers in Germany as
updated by the government agency in charge of the German tele-
phone network. It covers all possible telephone numbers in Ger-
many, independent of whether they are used or not. The data was
weighted by age, gender, and household size.

All these specification of weighting factors are based on the
most recent data provided by the federal statistical office in
Germany.

2.1. Positive mental health scales

2.1.1. Sense of coherence
This scale is a shortened form (Schumacher, Gunzelmann, &

Br€ahler, 2000) of the 29-item-version from Antonovsky
(Antonovsky, 1987) and consists of 9 items assessing comprehen-
sibility, manageability, meaningfulness. Each item (e.g. ‘Do you
have the feeling that you are in an unfamiliar situation and don't
know what to do?’) has a 7-point Likert scale. This short version
was validated by Schumacher in a representative German sample.
Cronbach's a in our four samples varied from 0.78 to 0.89.

2.1.2. Resilience
This scale is a shortened form (Schumacher, Leppert, &

Gunzelmann, 2004) of the 25-item-version from Wagnild and
Young (Wagnild & Young, 1993). It consists of 11 items assessing
positive resilient personality characteristics on a 7-point Likert
scale from 1 (‘I disagree’) to 7 (‘I agree’). The German version has
been validated by Schumacher et al. Cronbach's a in our four
samples varied from 0.88 to 0.93.

2.1.3. Satisfaction with life
This scale (Diener, Emmons, Larsen,& Griffin, 1985) consists of 5

items focusing on global life satisfaction. A 7-point Likert scale from
1 (‘strongly disagree’) to 7 (‘strongly agree’) indicates the agree-
ment with each item. Cronbach's a in our four samples varied from
0.84 to 0.92.
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2.1.4. Positive mental health
This 9-item questionnaire (Lukat, Margraf, Lutz, van der Veld, &

Becker, 2016) comprises statements like: ‘Much of what I do brings
me joy’. These items can be answered on a 4-point Likert scale
ranging from 1 (‘I disagree’) to 4 (‘I agree’). An earlier version of the
scale was used successfully in our earlier Dresden Predictor Study
where it showed good reliability. Cronbach's a in our four samples
varied from 0.89 to 0.92.

2.1.5. Social support
This scale includes 14 items that measure perceived emotional

and instrumental support and social integration (Fydrich et al.,
2009). It uses a 5-point Likert scale ranging from 1 (‘not true’) to
5 (‘true’) in one sum score. Cronbach's a in our four samples varied
from 0.90 to 0.95.

2.1.6. Subjective happiness
This scale (Lyubomirsky & Lepper, 1999) is one of the most

commonly used measures of happiness. It consists of four items.
Responses are made on a 7-point Likert scale whose anchor words
change according to the question. Cronbach's a in our four samples
varied from 0.70 to 0.85.

2.1.7. Self-efficacy
The general self-efficacy scale (GSE; Schwarzer & Jerusalem,

1995) consists of 10 items designed to assess the person's
perceived ability to manage circumstances effectively. We con-
ducted a pilot study that obtained good psychometric properties for
a shorter 5-item solution (Cronbach's alpha¼ 0.85), which we used
in the present sample. Items can be answered on a 4-point Likert
scale ranging from 1 (‘I disagree’) to 4 (‘I agree’). Cronbach's a in our
four samples varied from 0.80 to 0.86.

2.2. Negative mental health scales

2.2.1. Depressive, anxious and stressed state
We used 21 selected items from the Depression Anxiety and

Stress Scale (DASS-42; Lovibond & Lovibond, 1995) to assess levels
of the person's depression, anxiety and stress (seven items per
subscale). Each item is rated on a 4-point Likert scale. Across our
four samples, Cronbach's a of depressive state varies from 0.85 to
0.92, of anxious state varied from 0.78 to 0.87, and of stressed state
varies from 0.86 to 0.90.

2.2.2. Pessimism
The Life Orientation Test (LOT-R; Glaesmer, Hoyer, Klotsche, &

Herzberg, 2008; Scheier, Carver, & Bridges, 1994) consists of 10
items of which three items assess pessimism, three items assess
optimism and the remaining four items are filler items. Responses
aremade on a 5-point Likert scale ranging from 0 (‘I strongly agree’)
to 4 (‘I strongly disagree’). According to Scheier et al. (1994), opti-
mism and pessimism can be viewed as opposite poles of the same
dimension. By adding all six scores, a total pessimism score can be
calculated. Cronbach's a in our four samples varied from 0.61 to
0.79.

2.3. Additional scales

2.3.1. Tradition
This is a subscale with 4 items from the Schwartz Portrait Value

questionnaire (PVQ; Schwartz, 1992), which measures the value
orientations. Respondents are presented with a portrait of a person
and are asked to indicate how similar the respondent is to the
person portrayed. Answers range from ‘very similar’ to ‘very dis-
similar’, coded from 1 to 6. Cronbach's a in our four samples varied
from 0.58 to 0.71.

2.3.2. Social rhythm
This scale (Margraf, Lavallee, Zhang,& Schneider, 2016) includes

10 items and assesses the regularity with which participants
engage in basic daily activities during the working days and on the
weekends. Respondents are asked to assess the regularity of their
waking hours, bedtimes, etc. Answers range from 1 ‘very regularly’
to 6 ‘very irregularly’. Due to a technical error, no social rhythm data
were collected by the offline-panel method. Cronbach's a in our
remaining three samples varied from 0.61 to 0.79.

Our four samples had three common socio-demographic vari-
ables: age, gender, and education (see Table 1 for percentages,
means and standard deviations).

2.4. Analysis

After the relationships between methods and the socio-
demographic characteristics, which were collected in all four
samples (e.g., gender, age or education), were calculated, method
was found to be associated with gender, age and education. Hence,
a parallelized random sample with N¼ 969 participants was drawn
from each representative survey, with the same characteristics in
gender, age and education. A series of ANCOVAs controlled for
survey method, gender, education, age, two-way interactions be-
tween gender and survey method, between education and survey
method, and between age and survey method were conducted to
test whether the effect of survey method on the questionnaires
outcomes was moderated by these variables. Partial eta2 as effect
sizewill be calculated.With our large sample size, even a very small
effect could be statistically significant. Hence, we will not interpret
effect sizes that are under the level of a small effect.

As the last step, a multi group analysis will be carried out to
examinewhether the scales weremeasurement invariant with four
different methods. Therefore, single confirmatory factor analyses
(CFA) will be conducted for each scale, to test its proposed factor
structure. In case of different model propositions, the model with
better fit-indices will be preferred. In case of model mis-
specifications, it will be tried to identify the cause of error bymeans
of modification indices. For the model estimation we will use the
Maximum likelihood estimator, which is robust when using large
sample sizes and having more than five response categories
(Beauducel & Herzberg, 2006). For the other scales that have five
responses or less, a Weighted Least Squares Mean and Variance
adjusted (WLSMV; Flora & Curran, 2004) estimator has been rec-
ommended and thus will be used.

The measurement invariance testing will include a series of
model comparisons. The baseline model (model 1) with no equality
constraints will test whether the patterns of the factor structures
are the same across the four samples. Configural invariance exists if
model 1 has a good fit and if the item loadings are significant in all
samples. Model 2 is conducted with factor loadings that are con-
strained to be equal across the four samples. If model 2 fits the data
and the fit is not substantially worse than the fit of the baseline
model (model 1), weak/metric invariance is established. Inmodel 3,
the intercepts/thresholds will be constrained in addition to load-
ings among the four samples. Strong/scalar invariance exists if
model 3 fits the data and the fit is not substantially worse than the
fit of model 2. For model 2 and model 3, if full measurement
invariance is not established, partial weak/strong invariance will be
examined (Byrne, Shavelson, & Muth�en, 1989).

Since the c2 difference test is highly sensitive in large samples
(Oishi, 2007), additional fit indices will be examined to further
assess the model's fit. The root mean square of approximation
(RMSEA) will be interpreted as follows: values in the range of



Table 1
Descriptive Statistics of Socio-Demographic Variables and measures.

Face-to-face Online Offline Telephone

N ¼ 1870 N ¼ 2039 N ¼ 2021 N ¼ 2007

Gender
Female (in %) 51.3 46.4 51.2 51.3

Education (in %)
Not completed elementary school 6.1 1.4 2.4 4.4
Completed elementary school 34.4 8.2 39.7 15.4
Completed middle school 40.1 32.3 30.1 37.4
Graduated from high school 10.9 28.1 14.9 20.8
Completed some higher education 8.6 29.9 13 22.1

Age
Mean (SD) 49.38 (17.73) 42.20 (14.95) 49.23 (17.19) 49.79 (18.24)
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0.00e0.05 indicate close fit, those between 0.05 and 0.08 indicate
fair fit, those between 0.08 and 0.10 indicate mediocre fit (Browne
& Cudeck, 1993; Steiger, 1990), and values above 0.10 indicate un-
acceptable fit (MacCallum, Widaman, Preacher, & Hong, 2001). The
comparative fit index (CFI; Bentler, 1990) indicates a good fit if
values are greater than 0.90. The standardized root mean square
residual (SRMR) will also be reported when using Maximum-
likelihood-estimator. Here, values smaller than 0.09 indicate a
good fit, since equality constraints will mostly lead to decreases in
fit indices. The rule of DCFI not greater than 0.01 (Vandenberg &
Lance, 2000) is recommended.

Datawere screened for missing values and identified cases were
not included in the analysis. All analyses were calculated with SPSS
22 and R version 3.0.3 with the Package “lavaan”.

3. Results

3.1. Aim 1: the role of social desirability

Means and standard deviations of the questionnaire outcomes
of each sample are summarized in Table 2, for representative sur-
veys and parallelized surveys, per survey method. Compared to
representative surveys, the measures' values showed very small
changes during the parallelization. This indicates that the potential
difference of responses for the self-report measures across the
survey methods are unrelated by the disparities in gender, age, and
levels of education in the representative surveys. Hence, we focus
on the results of the representative surveys. As stated before, social
desirability was operationalized as the difference in responses for
different kinds of self-report measures for all four survey methods.
Cohen's d (Cohen, 1988) was calculated to display the difference
Table 2
Means and Standard deviations of measures in the representative surveys and in the pa

Representative Surveys

Face-to-face Online Offline Te

M(SD) M(SD) M(SD) M

Sense of Coherence 46.78 (9.31) 44.87 (9.34) 45.29 (9.50) 50
Resilience 60.18 (10.38) 58.43 (11.05) 60.12 (10.01) 64
Satisfaction with life 24.22 (6.30) 23.45 (6.52) 23.71 (6.12) 27
Positive mental health 19.67 (4.70) 18.71 (4.99) 19.47 (5.78) 21
Social support 59.92 (9.19) 55.8 (11.21) 58.97 (11.00) 63
Subjective happiness 20.72 (4.27) 19.8 (4.75) 19.61 (4.92) 21
Self efficacy 15.27 (2.46) 14.82 (2.57) 15.1 (2.38) 15
Depression 2.79 (3.65) 4.44 (4.74) 3.92 (4.20) 2.3
Anxiety 1.89 (2.86) 3.34 (3.90) 2.64 (2.99) 1.9
Stress 4.49 (3.90) 6.35 (4.77) 5.72 (3.91) 4.8
Pessimism 8.63 (3.82) 9.14 (4.08) 8.61 (4.32) 7.0
Tradition 13.18 (3.90) 14.79 (3.74) 14.76 (3.88) 13
Social rhythm 28.97 (8.31) 28.46 (8.85) / 28
between all compared samples (for an overview of all Cohen's d, see
Table 3), with >0.2 indicating small effect, > 0.5 indicating medium
effect, and >0.8 indicating large effect.

3.1.1. Positive mental health scales
Descriptive statistics showed that participants responded most

negatively in the online/offline sample. At the same time, partici-
pants responded most positively in the telephone sample. There-
fore, the largest differences for the seven positive mental health
scales were all between the online/offline and telephone samples
(see Table 2). The differences between the online and telephone
samples, and between the offline and telephone samples were all
statistically significant. However, the greatest difference was found
between the online and telephone samples for six out of seven
positive mental health scales with Cohen's d varied from 0.44 to
0.81. For the subjective happiness scale, the greatest differencewith
Cohen's d ¼ 0.46 was found between offline and telephone sam-
ples. The differences between the telephone and face-to-face
samples and between the face-to-face and online samples were
statistically significant for all seven positive mental health scales.
However, the difference between face-to-face sample and offline
sample was only statistically significant for the sense of coherence
scale, the social support scale, and the subjective happiness scale.
Finally, the difference between online and offline samples was
statistically significant for the resilience scale, the positive mental
health scale, the social support scale, and the self-efficacy scale.

3.1.2. Negative mental health scales
Descriptive statistics showed that participants responded most

negatively in the online sample. At the same time, participants
responded most positively in the telephone sample for the
rallelized surveys.

Parallelized Surveys

lephone Face-to-Face Online Offline Telephone

(SD) M(SD) M(SD) M(SD) M(SD)

.04 (8.05) 47.71 (8.86) 44.91 (9.53) 45.45 (9.42) 49.34 (8.20)

.79 (9.05) 61.82 (9.48) 58.35 (11.05) 60.35 (9.98) 64.63 (8.89)

.24 (5.72) 24.65 (6.24) 23.12 (6.53) 23.7 (6.17) 26.91 (5.7)

.97 (4.68) 20.25 (4.44) 18.7 (4.93) 19.61 (5.73) 21.55 (4.84)

.65 (8.01) 60.84 (8.97) 55.95 (11.25) 59.35 (10.6) 63.68 (7.66)

.68 (4.14) 21.12 (4.1) 20.01 (4.74) 19.75 (4.87) 21.43 (4.19)

.93 (2.43) 15.62 (2.39) 14.86 (2.53) 15.05 (2.4) 15.78 (2.47)
7 (3.46) 2.45 (3.39) 4.21 (4.52) 3.69 (4.18) 2.54 (3.63)
8 (3.15) 1.61 (2.69) 3.19 (3.65) 2.4 (2.77) 2 (3.08)
1 (4.58) 4.37 (3.81) 6.01 (4.68) 5.62 (3.87) 5.22 (4.75)
7 (3.84) 8.18 (3.8) 9.19 (4.1) 8.45 (4.33) 7.4 (3.78)
.44 (4.03) 13.63 (3.82) 14.54 (3.79) 15.22 (3.75) 13.57 (4.02)
.12 (9.41) 29.33 (8.53) 28.77 (9.19) / 28.55 (9.66)



Table 3
Cohen's d of pairwise mode comparisons for each scale.

Representative sample Parallelized sample

1 vs 2 1 vs 3 1 vs 4 2 vs 3 2 vs 4 3 vs 4 1 vs 2 1 vs 3 1 vs 4 2 vs 3 2 vs 4 3 vs 4

Sense of Coherence 0.20*** 0.16*** 0.37*** 0.04 0.59*** 0.54*** 0.30*** 0.25*** 0.19*** 0.06 0.50*** 0.44***

Resilience 0.16*** 0.01 0.47*** 0.16*** 0.63*** 0.49*** 0.34*** 0.15** 0.31*** 0.19*** 0.63*** 0.43***

Satisfaction with life 0.12** 0.08 0.50*** 0.04 0.62*** 0.60*** 0.24*** 0.15** 0.38*** 0.09 0.62*** 0.54***

Positive mental health 0.20*** 0.04 0.40*** 0.14*** 0.67*** 0.48*** 0.33*** 0.13* 0.28*** 0.17** 0.58*** 0.37***

Social support 0.40*** 0.09* 0.43*** 0.29*** 0.81*** 0.49*** 0.48*** 0.15** 0.34*** 0.32*** 0.93*** 0.47***

Subjective happiness 0.20*** 0.24*** 0.23*** 0.03 0.42*** 0.46*** 0.25*** 0.30*** 0.08 0.05 0.32*** 0.37***

Self efficacy 0.18*** 0.07 0.27*** 0.11** 0.44*** 0.35*** 0.31*** 0.24*** 0.07 0.08 0.37*** 0.30***

Depression 0.39*** 0.29*** 0.12** 0.12** 0.50*** 0.40*** 0.44*** 0.33*** 0.03 0.12 0.41*** 0.29***

Anxiety 0.42*** 0.26*** 0.03 0.20*** 0.38*** 0.21*** 0.49*** 0.29*** 0.14* 0.24*** 0.35*** 0.14*

Stress 0.43*** 0.31*** 0.08 0.14*** 0.33*** 0.21*** 0.38*** 0.33*** 0.20*** 0.09 0.17** 0.09
Pessimism 0.13*** 0.00 0.41*** 0.13*** 0.52*** 0.38*** 0.26*** 0.07 0.21*** 0.18** 0.45*** 0.26***

Tradition 0.42*** 0.41*** 0.07 0.01 0.35*** 0.33*** 0.24*** 0.42*** 0.02 0.18** 0.25*** 0.42***

Social rhythm 0.06 / 0.10* / 0.04 / 0.06 0.09 0.02

Note: *p < 0.05, two-tailed. **p < 0.01, two-tailed. ***p < 0.001, two-tailed.
1 ¼ Face-to-face sample; 2 ¼ Online sample; 3 ¼ Offline sample; 4 ¼ Telephone sample.
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depression scale and the pessimism scale. For the anxiety and stress
scales, the most positive values occurred in the face-to-face sample
(see Table 2). The differences between the online sample and the
telephone sample, and between the offline sample and the tele-
phone sample were all statistically significant. Here, the largest
differences were found between the online sample and the tele-
phone sample for the depression scale with Cohen's d ¼ 0.50 and
for the pessimism scale with Cohen's d ¼ 0.52. Furthermore, the
largest differences was found between the online and telephone
samples for the anxiety scale with Cohen's d ¼ 0.42 and for the
stress scale with Cohen's d ¼ 0.43. The difference between the
telephone and face-to-face samples was statistically significant for
the depression scale and the pessimism scale, but not for the
anxiety and stress scales. The difference between the face-to-face
and online samples was statistically significant for all four nega-
tive mental health scales. The difference between the face-to-face
and offline samples was statistically significant for the depres-
sion, anxiety and stress scales, but not for the pessimism scale. The
difference between the online and offline samples was statistically
significant for all four negative mental health scales.
3.1.3. The additional scales
For the tradition scale, participants responded least traditionally

in the online sample and most traditionally in the face-to-face
sample. The greatest and significant difference with Cohen's
d ¼ 0.42 was thus found between the face-to-face and the online
samples. The differences were statistically significant between the
face-to-face and offline samples, and between the online/offline and
telephone samples. However, no statistically significant difference
was found between the face-to-face and telephone samples and
between the online and offline samples for the tradition scale. For
the social rhythm scale, participants responded that they lived most
irregularly in the face-to-face sample and most regularly in the
telephone sample. Here, only one statistically significant difference
with Cohen's d ¼ 0.1 was found between the face-to-face and
telephone samples. The social rhythm scale was not assessed in the
offline sample. Hence, we could not compare this sample with other
samples. Regarding the other possible comparisons, we neither
found a statistically significant difference between the face-to-face
and online samples, nor between the online and telephone samples.
3.2. Aim 2: moderating role of age, gender, education level

The results of the ANCOVAs with survey method, gender, and
educations as between-subject factors and age as covariate
revealed three two-way interactions: between gender and survey
methods, between education and survey methods, and between
age and survey methods are presented in Table 4, for each self-
report measure. The commonly used index for effect sizes in ana-
lyses of variance is the partial Eta squared, as suggested by Cohen
(1988) with >0.01 indicating a small effect, > 0.06 indicating a
medium effect and >0.14 indicating a large effect.
3.2.1. Positive mental health scales
Across the positive mental health scales, survey method was

found to be a significant between-subjects factor with the effect
size varied from 0.011 to 0.028. Gender was found to be either
significant, but with an effect sizes under the small effect level, or
being non-significant for six of the seven positive mental health
scales. Except for the social support scale, gender was found to be a
significant between-subjects factor, with an effect size equaling
0.011. Education was either significant with effect sizes under the
small effect level or non-significant for four of the seven positive
mental health scales. For the other three scales, education was
found to be a significant between-subjects factor, with the effect
sizes varying from 0.011 to 0.014. Age was found to be either sig-
nificant with effect sizes under the small effect level or non-
significant for six of the seven positive mental health scales.
Except for the sense of coherence scale, age was found to be a
significant between-subjects factor, with an effect size equaling
0.027. The interaction between gender and survey method was
either significant with effect sizes under the small effect level or
non-significant for all seven positivemental health scales. The same
was true for the interaction between education and surveymethod.
The interaction between age and survey method was either sig-
nificant with effect sizes under the small effect level or non-
significant for three of the seven positive mental health scales.
For the sense of coherence scale, the resilience scale, the positive
mental health scale, and the subjective happiness scale, the inter-
action between age and survey method was found to be a signifi-
cant between-subjects factor, with effect sizes varying from 0.012
to 0.017.
3.2.2. Negative mental health scales
Across the negative mental health scales, survey method was

found to be a significant between-subjects factor with the effect
sizes varied from 0.012 to 0.028. Gender was found to be either
significant with effect sizes under the small effect level or non-
significant for all four negative mental health scales. Education
was found to be significant for the stress scale, but with an effect



Table 4
Effect size (partial eta2) from ANCOVA controlled for survey method, gender, education, age, interactions between gender and survey method, between education and survey
method, and between age and survey method in the representative surveys.

Survey method Gender Education Age Gender*Survey method Education*Survey method Age*Survey method

Sense of Coherence 0.028*** 0.001** 0.014*** 0.027*** 0.001* 0.005*** 0.017***

Resilience 0.022*** 0.001** 0.011*** 0.006*** 0.001* 0.006*** 0.013***

Satisfaction with life 0.013*** 0 0.012*** 0.002*** 0.001* 0.004** 0.005***

Positive mental health 0.019*** 0 0.007*** 0.004*** 0.001* 0.004*** 0.012***

Social support 0.022*** 0.011*** 0.006*** 0 0.002** 0.003* 0.006***

Subjective happiness 0.023*** 0.001** 0.005*** 0.01*** 0.003*** 0.003** 0.014***

Self efficacy 0.011*** 0.002*** 0.003*** 0.009*** 0 0.009*** 0.006***

Depression 0.028*** 0.001* 0.011*** 0.01*** 0 0.003** 0.017***

Anxiety 0.024*** 0.001* 0.014*** 0.001** 0 0.003** 0.013***

Stress 0.012*** 0.005*** 0.005*** 0.02*** 0 0.003** 0.007***

Pessimism 0.019*** 0 0.024*** 0.005*** 0 0.003* 0.01***

Tradition 0.006*** 0 0.018*** 0.034*** 0.002** 0.003* 0.007***

Social rhythm 0.001 0 0.002* 0.002** 0 0.004** 0

Note: *p < 0.05. **p < 0.01. ***p < 0.001.
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size under the small effect level. For the other three negative
mental health scales, education was found to be a statistically sig-
nificant between-subjects factor, with effect sizes varying from
0.011 to 0.024. Finally, age was found to be significant with effect
sizes under the small effect level for all four negative mental health
scales. The interaction between gender and survey method was not
significant for all four negative mental health scales. However, the
interaction between education and survey method was significant
with effect sizes under the small effect level for all four negative
mental health scales. The interaction between age and survey
method was also significant with effect sizes under the small effect
level for the stress scale and the pessimism scale. Finally, the
interaction between age and survey method was found to be a
significant between-subjects factor, with an effect size of 0.017 for
the depression scale, and 0.013 for the anxiety scale.

3.2.3. The additional scales
Survey method was found to be either significant with effect

sizes under the small effect level or non-significant for the two
additional scales. No statistically significant gender differences
were found for the two additional scales. Educationwas found to be
a statistically significant between-subjects factor with an effect size
of.018 for the tradition scale. It was also significant with an effect
size under the small effect level for the social rhythm scale. Agewas
found to be a statistically significant between-subjects factor with
an effect size of 0.034 for the tradition scale. Furthermore, it was
significant with an effect size under the small effect level for the
social rhythm scale. All three interactions, i.e., between gender and
survey method, between education and survey method, and be-
tween age and survey method, were found to be either significant
with effect sizes under the small effect level or non-significant for
the two additional scales.

3.3. Aim 3: measurement invariance per self-report measure

3.3.1. Sense of coherence
The one-dimensional model of this scale did not show a

reasonable global fit, especially for the offline sample. Modification
indices suggested that there were correlated error residuals be-
tween item 1 and item 4, item 2 and item 3, item 2 and item 4, and
item 3 and item 4. This was true for all four samples. After allowing
these error terms correlate, the model fit was improved. All factor
loadings in all four samples were at least 0.5. Configural invariance
was established and full weak invariance as well. After we set one
intercept free, partial strong invariance was established. Further-
more, full strong invariance was established among the face-to-
face, online and offline samples.
3.3.2. Resilience
The one-dimensional model of this scale showed a reasonable

global fit, however the RMSEAs and the CFI of the offline sample
indicated a poor fit. Modification indices suggested that there were
correlated error residuals between item 1 and item 2, item 2 and
item 7, item 3 and item 6, item 3 and item 7, item 8 and item 9, item
9 and item 10, and item 10 and item 11. This was true for all four
samples. After correlating these error terms, the model fit was
improved. All factor loadings in all four samples were at least 0.5.
Configural invariance was established as well as full weak invari-
ance. Partial strong invariance was established after two intercepts
were set free. Furthermore, full strong invariance was established
among the online, offline and telephone samples.

3.3.3. Satisfaction with life
The one-dimensional model of this scale showed a good global

fit. All factor loadings in all four samples were at least 0.5. Config-
ural invariance was established as well as full weak invariance and
full strong invariance. However, there was no factor mean invari-
ance among the four samples.

3.3.4. Positive mental health
The one-dimensional model of this scale showed a reasonable to

good global fit. However the RMSEA in the offline sample indicated
a poor fit. Therewere several correlated errors in the offline, but not
in the other three samples. Hence, we decided not to correlate any
error terms in this model. All factor loadings in all four samples
were at least 0.6. Configural invariance was established as well as
full weak invariance and full strong invariance among the four
samples. But no factor mean invariance was found.

3.3.5. Social support
RMSEAs of this one-dimensional model showed poor fit in three

samples except for the telephone sample. Modification indices
suggested that the error residuals between item 2 and 3, item 4 and
item 13, item 7 and item 14, and item 10 and item 11 should be
correlated in all four samples. After correlating these error terms,
the model fit was improved. All factor loadings in all four samples
were at least 0.4. Configural invariance, full weak invariance and
full strong invariance among the four samples were established.
But no factor mean invariance was found.

3.3.6. Subjective happiness
The one-dimensional model of this scale showed a reasonable

global fit. CFI and SRMR values indicated even an excellent fit.
However the RMSEA in the face-to-face and online samples indi-
cated a poor fit. There were several correlated errors in these two
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samples, but not in the other samples. Hence, we decided not to
correlate any error terms in this model. All factor loadings in all four
samples were at least 0.6. Configural invariance was established
and full weak invariance, too. Partial strong invariance was estab-
lished after one intercept was set free. Furthermore, the full strong
invariance was established between the offline and telephone
samples.

3.3.7. Self-efficacy
The one-dimensional model of this scale with good CFI values

showed an excellent fit. The RMSEA indicated a poor fit only in the
online and telephone samples. In the other two samples, the
RMSEAs were good. Hence, we decided not to correlate any error
terms in this model. All factor loadings in all four samples were at
least 0.6. Configural invariance was established as well as full weak
invariance, full strong invariance, and factor mean invariance
among the four samples.

3.3.8. Stress
The one-dimensional model of this scale showed a good fit. All

factor loadings in all four samples were at least 0.5. Configural
invariance, full weak invariance, full strong invariance, and factor
mean invariance were established among the four samples.

3.3.9. Anxiety
The one-dimensionalmodel of this scale showed an excellent fit.

All factor loadings in all four samples were at least 0.5. Configural
invariance existed as well as full weak invariance and full strong
invariance.

3.3.10. Depression
The one-dimensionalmodel of this scale showed an excellent fit.

All factor loadings in all four samples were at least 0.6. Configural
invariance existed as well as full weak invariance and full strong
invariance.

3.3.11. Pessimism
The two factor model without correlated errors showed a good

fit. All factor loadings in all four samples were at least 0.6. Config-
ural invariance existed as well as full weak and full strong
invariance.

3.3.12. Tradition
RMSEAs of this one-dimensional model showed poor fit in three

samples, except for the online sample. Modification indices sug-
gested that the error residuals between item 1 and 4 should be
correlated in all four samples. After correlating these error terms,
the model fit was improved. All factor loadings in all four samples
were at least 0.5. Configural invariance and full weak invariance
were established. Partial strong invariance was established after
two intercepts were set free. Furthermore, full strong invariance
was established between the face-to-face and offline samples, the
online and offline samples, and the telephone and offline samples.

3.3.13. Social rhythm
The one-dimensional model of this scale showed a very poor fit.

Hence, we tried a two factor construct, which showed a better fit
but was still not acceptable. With the help of modification indices,
we correlated the errors between item 1 and item 4, item 1 and
item 10, item 2 and item 3, item 2 and item 4, item 2 and item 9
item 2 and item 10, item 3 and item 4, item 4 and item 10, and item
9 and item 10. After correlating these error terms, the model fit was
improved. All factor loadings in all three samples were at least 0.5.
Configural invariance, full weak invariance, full strong invariance,
and factor mean invariance existed.
4. Discussion

Our study had three main aims: 1. Examining the role of the
mode effect “social desirability” across four survey methods, i.e.,
face-to-face interviewing, online questionnaires, offline question-
naires, and telephone interviewing; 2. Testing possible moderators
for the effect of social desirability for different survey methods; 3.
Investigating measurement invariance across the survey methods.
We focused on positive and negative mental health scales and used
large representative populations' samples in order to have suffi-
cient power and generalizability. Our study yielded four main re-
sults. Regarding aim 1, we found that the greatest differences
occurred between the online/offline and telephone samples, and
this was true for all seven positive mental health scales and two
negative mental health scales (i.e., the depression and the pessi-
mism scales). For the anxiety and stress scales, participants
responded almost the same in the face-to-face and telephone
samples, although we expected the effect of social desirability to be
larger for the telephone method than for the face-to-face method.
The telephone sample differed statistically significant from the
online/offline sample for all twelve scales expect for the social
rhythm scale. The telephone sample did not differ statistically
significant from the face-to-face sample for the following scales:
the anxiety, stress, and pessimism scales. The face-to-face sample
differed statistically significant from the online sample for almost
all scales, except for the social rhythm scale. At the same time, the
face-to-face sample did not differ statistically significant from the
offline sample for six scales, i.e., the resilience, the satisfactionwith
life, the positive mental health, the self-efficacy, and the pessimism
scales. Furthermore, there were also differences for self-report
measures between the online and offline samples, although, we
did not expect to find any difference between these methods.
Finally, responses to the social rhythm questionnaire seemed un-
affected by the type of survey method. This could be explained as
follows: the social rhythm scale asks about regularity with which
participants engage in basic daily activities during working days
and weekends, e.g. waking up, going to bed, etc. That is, the scale's
contents do not target desirable versus undesirable issues. Hence,
this could explain the absence of an effect of social desirability. As
such, the effect of social desirability occurred only when the scale's
contents involved desirable issues. When looking at the compari-
sons between online and telephone samples and between face-to-
face and telephone samples, the positive mental health scales
seemed to be more affected than the negative mental health scales.
This could be explained by the fact that questions related to positive
mental health issues are more personal. To illustrate, it is more
difficult to tell another person on the phone or face-to-face that “I
have few friends” than to admit that “I'm getting upset”.

Regarding aim 2, the magnitude of the mode effect was
moderated by age. Older participants tended to be more affected by
the survey methods than the younger participants. Furthermore,
analyses revealed small interaction effects (effect sizes � 0.01),
namely between age and surveymethods, and this was true for four
of the seven positive mental health scales (i.e., the sense of coher-
ence scale, the resilience scale, and the positive mental health
scale), and for two negative mental health scales (i.e., the depres-
sion scale and the anxiety scale). These results further showed that
the mode effect was only moderated by age for a specific type of
measure. However, no significant effect with an effect size above
small effect was found for the interaction between gender and
survey methods, or between education level and survey methods.
Hence, only age seemed to be a moderator for the effect of social
desirability, but that effect was small.

Regarding aim 3, measurement invariancewas not always found
across the different survey methods. Four of the thirteen mental
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health questionnaires did not establish full strong measurement
invariance. This result suggests that participants who have the
same score on the observed variables would obtain a different score
on the latent construct with regard to their sample membership.
Results showed that full strong invariance was found for the sense
of coherence scale among the face-to-face, online and telephone
samples. For the resilience scale, full strong invariance was found
among the online, offline, and telephone samples. For the subjec-
tive happiness scale, full strong invariance was found only between
the offline and telephone samples. This result indicated, that the
same constructs of measures were not always hold between online
and offline methods. For the tradition scale, full strong invariance
was found between the face-to-face and offline, online and offline,
and the telephone and offline samples. This indicated that self-
report measures using different survey methods can obtain
different constructs. However, this means that the scale cannot be
compared meaningfully.

5. Conclusions

To the best of our knowledge, we present the first examination
of measurement invariance especially for psychological question-
naires across four common survey methods within representative
samples. Hence, our study filled an important gap by exploring the
equivalence among face-to-face, online, offline, and telephone for
positive mental health scales, negative mental health scales, and
additional scales. Based on our data, we suggest the following. If
different survey methods are used, then the existence of mode ef-
fects should be tested. Also in case of using online and offline
methods, one should also be careful with the difference in re-
sponses. If mode effects are found, survey method should be
treated as a control variable in any further analyses. Furthermore, in
case age varies, its moderating effect on survey methods should be
controlled for, too. Finally, measurement invariance should be
tested as well to ensure that measures are meaningfully compa-
rable. For follow up studies, we recommend to investigate the
different impression for different survey methods by participants
and try to understand what actually causes the differences across
the examined constructs, especially between online and offline
methods. Here, it would be relevant to examinewhether something
else than social desirability should be considerate for the mode
effects, i.e. response set or administration modality.
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