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Nicole Rübsamen1,2, Manas K. Akmatov1,3, Stefanie Castell1,3, André Karch1,2 and Rafael T. Mikolajczyk1,4*

Abstract 

Background:  Increasing availability of the Internet allows using only online data collection for more epidemiological 
studies. We compare response patterns in a population-based health survey using two survey designs: mixed-mode 
(choice between paper-and-pencil and online questionnaires) and online-only design (without choice).

Methods:  We used data from a longitudinal panel, the Hygiene and Behaviour Infectious Diseases Study (HaBIDS), 
conducted in 2014/2015 in four regions in Lower Saxony, Germany. Individuals were recruited using address-based 
probability sampling. In two regions, individuals could choose between paper-and-pencil and online questionnaires. 
In the other two regions, individuals were offered online-only participation. We compared sociodemographic char-
acteristics of respondents who filled in all panel questionnaires between the mixed-mode group (n = 1110) and the 
online-only group (n = 482). Using 134 items, we performed multinomial logistic regression to compare responses 
between survey designs in terms of type (missing, “do not know” or valid response) and ordinal regression to compare 
responses in terms of content. We applied the false discovery rates (FDR) to control for multiple testing and inves-
tigated effects of adjusting for sociodemographic characteristic. For validation of the differential response patterns 
between mixed-mode and online-only, we compared the response patterns between paper and online mode among 
the respondents in the mixed-mode group in one region (n = 786).

Results:  Respondents in the online-only group were older than those in the mixed-mode group, but both groups 
did not differ regarding sex or education. Type of response did not differ between the online-only and the mixed-
mode group. Survey design was associated with different content of response in 18 of the 134 investigated items; 
which decreased to 11 after adjusting for sociodemographic variables. In the validation within the mixed-mode, only 
two of those were among the 11 significantly different items. The probability of observing by chance the same two or 
more significant differences in this setting was 22%.

Conclusions:  We found similar response patterns in both survey designs with only few items being answered differ-
ently, likely attributable to chance. Our study supports the equivalence of the compared survey designs and suggests 
that, in the studied setting, using online-only design does not cause strong distortion of the results.
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Background
The increased availability of the Internet stimulates the 
establishment of epidemiological studies relying solely on 
online data collection [1]. Recruitment for online studies 

can rely on either probability or convenience sampling, 
whereby the latter has the advantage of being able to 
access large sample sizes [2], but the disadvantage of lim-
ited generalizability: convenience samples recruited via 
the Internet have been shown to be less representative of 
the population that they were drawn from [2–4]. Random 
(probability) sampling offers a way to decrease selec-
tion bias and to increase generalisability because each 
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individual in the sampling frame has a predefined chance 
of being sampled [4].

Relying solely on online data collection has obvi-
ous advantages with respect to costs and effort [5, 6], 
but carries the risk of low participation and a biased 
selection of study participants [7]. Previous research 
indicated that participation can be increased by using 
mixed-mode surveys compared to online-only surveys 
[5, 8]. Several studies investigated how responses dif-
fered between online and non-online responders within 
mixed-mode surveys [9–12]. They showed that pre-
ferred survey mode was linked to sociodemographic 
factors; once adjusted for those baseline differences, the 
majority of differential responses disappeared [11, 12]. 
However, these comparisons do not encompass the situ-
ation where only one mode of data collection is offered, 
and those willing to participate are forced to use it. 
Only few studies compared such single-mode studies 
with mixed-mode studies regarding response patterns. 
They compared mixed-mode (paper and online) with 
single-mode studies (computer-assisted, face-to-face 
or telephone interviews) [13, 14]. Up to now, no study 
included comparisons of response patterns in online 
data collection with response patterns in a mixed-mode 
survey. Also, most published studies considered only a 
single thematic focus. A further limitation of previous 
studies is the lack of adjustment for multiple testing, 
potentially overestimating the true differences between 
data collection modes.

Study aim and research questions
We took advantage of a large population-based, longitu-
dinal panel covering a range of epidemiological research 
questions. Our main study aim was to compare response 
patterns between an online-only and a mixed-mode sur-
vey design. To achieve this aim, we proceeded in several 
steps.

First, we investigated if applying online-only data col-
lection leads to selection of participants, i.e. if the compo-
sition of participants in online-only data collection differs 
from that in a mixed-mode study offering choice between 
online and paper-and-pencil questionnaires. To explore 
this issue, we investigated the following questions:

1.	 Do response rates differ between online-only survey 
and mixed-mode survey (overall and stratified by 
age)?

2.	 Do sociodemographic characteristics differ between 
participants of the online-only survey and the mixed-
mode survey?

We also looked at sociodemographic characteristics 
within the mixed-mode group because we hypothesised 

that differences between groups of participants would 
be more pronounced between modes of data collection 
within the mixed-mode group than between the survey 
designs. Thus, we investigated the question:

3.	 Do sociodemographic characteristics differ in those 
participants who had the choice between modes of 
data collection?

Lower costs for survey administration are often 
named as major advantages of online-only surveys [5, 
6]. This advantage can, however, be outweighed by lower 
response rates in online-only surveys [15]. To assess cost-
effectiveness in our study setting, we investigated the 
question:

4.	 Are costs per survey participant higher in a mixed-
mode than in an online-only survey?

Having investigated the mentioned research ques-
tions, we finally compared response patterns between the 
online-only and the mixed-mode survey design by inves-
tigating the questions:

5.	 Do responses of participants in the online-only sur-
vey differ from those in the mixed-mode survey 
with respect to type of response (i.e. missing, “do not 
know”, or valid response)?

6.	 Within the valid responses, does choice of answer 
categories (i.e. content of response) differ between 
the online-only survey and the mixed-mode?

7.	 Can differences in response patterns be explained by 
selection of participants with respect to sociodemo-
graphic characteristics (if any found in step 2)?

To validate differences found in response patterns (if 
any), we investigated if these differences were specific to 
the online mode of participation. If the differences were 
specific to the online mode of participation, it could be 
expected that the differences would be even larger if 
respondents could choose their mode of participation.

8.	 Do variables, for that differences between mixed-
mode and online-only mode were identified, also 
display differences in a comparison between online 
and paper-and-pencil respondents within the mixed-
mode group?

Methods
Study design and recruitment
This analysis is based on the Hygiene and Behaviour 
Infectious Diseases Study (HaBIDS) designed to assess 
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knowledge, attitudes, and practice related to infectious 
diseases [16, 17]. HaBIDS is a longitudinal panel with 
population-based sampling in four regions of the federal 
state Lower Saxony in Germany. We included female and 
male individuals aged between 15 and 69 years. Potential 
participants were drawn by means of proportional strati-
fied random sampling from the respective population 
registries. Individuals were excluded if their primary resi-
dence was not within one of the four regions.

In January 2014, we sent invitation letters to 16,895 
individuals drawn from the registries of the district of 
Brunswick (city with more than 10,000 inhabitants), from 
two nearby villages (Wendeburg and Bortfeld with less 
than 10,000 inhabitants each), and from the district of 
Vechta (six cities with less than 10,000 inhabitants each). 
The invitation letter included information about the 
study and an informed consent form. Individuals were 
told in the information that they could choose between 
participation via online or paper-and-pencil question-
naires. If an individual decided to participate, then he or 
she could either write an email address on the informed 
consent form where we should send the online ques-
tionnaires or a postal address where we should send the 
paper-and-pencil questionnaires. Every individual who 
consented to participate is called “participant” in this 
text.

In April 2014, we sent invitation letters to 10,000 
individuals drawn from the registries of the districts of 
Salzgitter and Wolfenbüttel (cities with more than 10,000 
inhabitants each). The invitation letter included informa-
tion about the study and an informed consent form. Indi-
viduals were told in the information that the study would 
be conducted using online questionnaires. Participants 
should write an email address on the informed consent 
form where we should send the online questionnaires.

Participants were assigned a unique identifier (ID). All 
study data were stored using this ID, without any con-
nection to personal data of the participants. Personal 
data (postal and e-mail addresses) were stored separately 
on a secure local server without Internet connection. 
The access was restricted to study personnel only.

Questionnaire development and survey administration
We developed questions for the study using already pub-
lished questionnaires, where applicable [18–22], and 
added items based on expert opinion where no validated 
questionnaires were available. The questions covered 
general health and sociodemographic characteristics, 
frequency of infections and infection-associated symp-
toms in the last 12 months, prevention measures against 
respiratory infections, perceptions related to adult 

vaccinations, to tick-borne infections, and to antibiotics. 
The sections considering prevention measures against 
respiratory infections, vaccinations, tick-borne infec-
tions, and antibiotics were designed as knowledge-atti-
tude-practice (KAP) surveys [23].

We implemented the paper-and-pencil questionnaires 
using the software TeleForm Designer® [24], and the 
online questionnaires using the software Limesurvey® 
[25], with a design adapted to mobile phones. No item 
was set to mandatory in the online mode to enable com-
paring the proportion of missing values between modes.

Online participants received seven questionnaires 
between March 2014 and July 2015. The links to the 
online questionnaires were distributed via email, along 
with unique tokens for individual logins to the survey. 
The token was valid until a participant used the submit 
button on the last survey page. In case of multiple entries 
from a participant, we kept only the last entry for analy-
sis. We sent a single reminder (email) to participants 
who had not filled in the online questionnaire within 
two weeks of initial invitation. All online questionnaires 
remained active until October 7, 2015.

To reduce postage charges, the paper-and-pencil 
group received two questionnaires covering the topics of 
online questionnaires: the first paper-and-pencil ques-
tionnaire covered the first three online questionnaires 
and the second one covered the remaining four online 
questionnaires. The paper-and-pencil questionnaires 
were sent out via regular mail and could be returned 
using pre-paid return envelopes until October 7, 2015. 
We sent single reminder letters 2  months after each 
paper questionnaire.

Statistical analysis
In all regression analyses, we accounted for multiple test-
ing by applying the false discovery rate (FDR) [26]. The 
FDR algorithm controls the proportion of significant 
results that are in fact type I errors instead of control-
ling the probability of making a type I error (which is the 
aim of the Bonferroni correction) [27]. We considered 
p  <  0.05 as significant. All statistical analyses were per-
formed in Stata version 12 (StataCorp LP, College Sta-
tion, TX, USA [28]).

Response rates
We compared response rates (Response Rate 2 according 
to the definition by the American Association for Public 
Opinion Research [29]) between the mixed-mode design 
and the online-only design after direct age standardisa-
tion using the population structure of Lower Saxony [30] 
as standard population.
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Differences in sociodemographic characteristics between and 
within survey designs
Most of our further analyses focus on the comparison 
of p values, which are, among other factors, dependent 
on sample size [31]. To ensure that differences in sam-
ple size do not affect our comparisons, we restricted our 
dataset for analyses in two steps. Firstly, we took into 
account only items that were not conditional on other 
questions (which constituted 90% of the panel questions). 
All of these questions could be answered on ordinal or 
binary scales (Additional file 1). In total, 134 items of the 
questionnaires from the following areas were included: 
general health and sociodemographic data (2 items), fre-
quency of infections and infection-associated symptoms 
in the last 12 months (8 items), prevention measures 
against respiratory infections (35 items), adult vaccina-
tions (34 items), tick-borne infections (37 items), and 
antibiotics (18 items). Secondly, we restricted our analy-
ses to participants who filled in all six questionnaires 
containing the above items. Every participant who filled 
in all six questionnaires is called “respondent” in this 
text. We compared sociodemographic characteristics of 
respondents and non-respondents to detect differential 
loss to follow-up.

We compared sociodemographic characteristics of 
respondents between the mixed-mode design and the 
online-only design using χ2-tests and Wilcoxon rank-sum 
tests. In addition, we compared sociodemographic char-
acteristics of respondents choosing different modes of 
participation within the mixed-mode group.

Costs per survey participant
We estimated how much money we had to spend per 
mixed-mode respondent or online-only respondent. 
These figures included postage and material for invitation 
letters as well as staff costs for printing invitation letters, 
entering postal and email addresses from the informed 
consent forms, sending questionnaires, and entering data 
after the paper-and-pencil survey. They did not include 
administrative costs for obtaining samples from the 
population registries nor for implementing the question-
naires in TeleForm Designer® or Limesurvey®.

Differences with respect to type of response
We performed multinomial logistic regression analy-
sis to investigate if survey design was associated with 
type of response (i.e. missing, “do not know”, or valid 
response) for all 134 considered items. We used likeli-
hood ratio tests to compare models with survey design 
included as independent variable versus empty models. 
In order to investigate if differences with respect to soci-
odemographic variables were responsible for different 

responses, we adjusted the models for sociodemographic 
characteristics.

Differences with respect to content of response
We investigated if the content of responses differed by 
survey design using ordinal regression analysis for each 
of the 134 items. We included survey design as an inde-
pendent variable and used only valid responses (i.e. 
excluding missing and “do not know” responses). Prior 
to the analysis, we performed Brant tests of the propor-
tional odds assumption [32]. Then, we used multivari-
able ordinal regression in order to adjust for differences 
in variables between mixed and online-only mode: age 
at baseline (fitted as fractional polynomial [33]), sex, and 
highest completed educational level.

Validation within the mixed‑mode group
We investigated if variables, for that differences between 
mixed-mode and online-only mode were identified, dis-
played also differences in a comparison between online 
and paper-and-pencil respondents within the mixed-
mode group. If the differences were specific to the online 
mode of participation, it could be expected that the 
differences would be even larger if respondents could 
choose their mode of participation. In this analysis, we 
only included mixed-mode respondents from the dis-
trict of Brunswick to ensure homogeneity of the group. 
We assessed the meaning of observing differences in the 
same k items in both analyses based on probability of 
random k or more differences assuming a hypergeomet-
ric distribution.

Results
Response rates
Overall, 2379 (8.9%) of the invited individuals con-
sented to participate in HaBIDS (Fig.  1). Response rate 
was higher among females than males (10.9 vs. 7.3%, 
respectively, p  <  0.001). This difference was consistent 
in both survey designs. In both groups, the response 
rate was highest in the oldest age group, i.e. between 65 
and 69  years, but the effect was much stronger in the 
mixed-mode group (Fig.  2a). There was a difference in 
the source population of the studied regions with respect 
to age (Additional file 2); we accounted for this by direct 
age standardisation: The crude response rate was 10.0% 
in the mixed-mode group (with 55.5% of the participants 
selecting paper questionnaires) and 6.9% in the online-
only group (Fig.  1), after standardisation, the adjusted 
response rate was 10.3% in the mixed-mode group and 
6.8% in the online-only group. The participants in the 
mixed-mode group were significantly younger than those 
in the online-only group (median age of 47 vs. 50 years, 
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respectively, p =  0.009, Table  1). If the age structure in 
the two regions invited for online-only had been the same 
as in the two regions invited for mixed-mode, then the 
cumulative age distributions among participants would 
have been similar in both groups (Fig. 2b).  

Differences in sociodemographic characteristics 
between and within survey designs
Of those who consented to participate, 1592 (66.9%) 
participants filled in all questionnaires (“respondents”). 
Comparing the 1592 respondents and the 787 non-
respondents, median age (48 vs. 45  years, p =  0.0008) 
and percentage of females (61.3 vs. 53.5%, p = 0.02) were 
higher among respondents, while marital status, educa-
tion, and access to the Internet did not differ significantly 
(data not shown). There was also no evidence of differ-
ential loss to follow-up with respect to survey design or 
mode of data collection (data not shown).

Among the 1592 respondents, there was a significant 
difference regarding marital status between the mixed-
mode and the online-only group; however, marital status 
was strongly correlated with age, and the difference dis-
appeared after adjusting for age. Both groups did not dif-
fer significantly from each other regarding sex or level of 
education.

In contrast to small differences between the mixed-mode 
and online-only respondents, those choosing different 
modes within the mixed-mode design displayed stronger 
differences (Table 1). The median age (50 years in the paper 
mode vs. 44 years in the online mode, p < 0.001, Table 1) 
and the percentage of women were higher among those 
participating on paper (67.4 vs. 54.3% in the online mode, 
p < 0.001, Table 1). Above the age of 40 years, there was a 
significantly higher percentage of women in the paper mode 
than in the online mode (p < 0.001), while the percentages 
of women and men did not differ significantly in the age 
groups below 40 years (p = 0.23). There was also a differ-
ence with respect to education, with a lower percentage of 
well-educated participants among those participating on 
paper (35.2 vs. 49.1% in the online mode, p < 0.001, Table 1), 
independently of age.

Costs per survey participant
We estimated that we had to spend approximately 17 
Euros for one mixed-mode respondent and approximately 
13 Euros for one online-only respondent. The higher costs 
per mixed-mode respondent were due to expenses for 
postage and for staff to print and post the paper question-
naires as well as for entering the data after the paper-and-
pencil survey.

Online-only survey design:
Online questionnaires only

(Salzgitter and Wolfenbüttel)

Mixed-mode survey design:
Choice between participation

via paper-and-pencil and online questionnaires 
(Braunschweig, Vechta, Wendeburg, and Bortfeld)

Excluded from analyses
Did not fill in all questionnaires 260

Excluded from analyses
Did not fill in all questionnaires 212

Total consented
to participate (RR2)
n = 1,685 (10.0%)

Paper mode
n = 935

Online mode
n = 750

Total consented
to participate (RR2)

n = 694 (6.9%)

Online mode
n = 694

Eligible, “non-interview"
Refusal 15,140
Physically or mentally unable/incompetent 8
Language 4
Not eligible
Selected respondent
screened out of sample

58

Eligible, “non-interview"
Refusal 9,419

Language 2
Not eligible
Selected respondent
screened out of sample

6

Paper mode
n = 620

Online mode
n = 490

Mixed-mode group
n = 1,100

Sample from the
population registries

n = 10,000

Sample from the
population registries

n = 16,895

Excluded from analyses
Did not fill in all questionnaires 315

Participants

Online-only group
n = 482

Online-only group
n = 482

Respondents

Fig. 1  Participant flow diagram. RR2: Response Rate 2 according to the definition by the American Association for Public Opinion Research [29]
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Differences with respect to type of response
Among the 134 items investigated using multinomial 
regression, 17 items showed a significant association 
between survey design group and type of response 
after adjusting for multiple testing using FDR (Addi-
tional file  3). When adjusting for age, sex, and edu-
cation, differences disappeared with only one item 
remaining significantly different between groups 
(addressing prevention of respiratory infections; Addi-
tional file  3). This difference was mainly between “do 
not know” responses and valid responses: the pre-
dicted probabilities for having a missing, a “do not 
know” or a valid response were 1.7, 27.5, and 70.8% in 
the mixed-mode group and 0.5, 11.0, and 88.5% in the 
online-only group, respectively.

Differences with respect to content of response
After adjusting for multiple testing using FDR, 18 of the 134 
estimates showed odds ratios (OR) significantly different 
from one indicating a differential response between survey 
design groups (Additional file 4). When adjusting for age at 
baseline, sex, and highest completed educational level, 11 OR 
were still significantly different from one (Fig. 3; Additional 

file 4). One of these items was related to frequency of infec-
tions, six items were related to knowledge about prevention 
measures, two items were related to attitudes regarding pre-
vention measures, and two items were related to practice 
regarding measures for prevention against infections. For six 
of these items, mixed-mode respondents were less likely to 
select higher answer categories than online-only respond-
ents (OR  <  1), and for the other five items, mixed-mode 
respondents were more likely to select higher answer catego-
ries (OR > 1) (Additional file 4).

Validation within the mixed‑mode group
Eleven items were also answered differently by paper 
(n  =  417) versus online (n  =  369) respondents within 
the mixed-mode (Table 2), with two items being signifi-
cant and displaying similar OR in both analyses. The cal-
culated probability of observing the same two or more 
items as significantly different in both analyses is 22.4%.

Discussion
Using data from a population-based longitudinal panel, 
we investigated if an online-only study results in different 
response patterns when compared with a mixed-mode 
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study. We found similar response patterns in both survey 
design groups with only few items being answered dif-
ferently, likely due to chance. There was also no evidence 
of selection of respondents with respect to sociodemo-
graphic characteristics. In contrast, there were substan-
tial differences among those choosing different modes of 
participation within the mixed-mode study group.

The overall response rate was slightly higher in the 
mixed-mode than in the online-only study. This is in line 
with findings of other studies [5, 6, 11]. However, the dif-
ference in response rates was smaller than the average of 
11 percent points reported in a meta-analysis published 
in 2008 [34], which likely reflects the increasing Internet 
literacy over time. In the mixed-mode group, the age-
specific response rate differences increased with age. In 
the online-only group, there were similar response rates 
over all age groups. While this finding might appear 
counterintuitive, the explanation might be that higher 
willingness to participate in scientific surveys compen-
sates lower Internet literacy in older age groups. In the 
years to come, the expected rising Internet literacy of 
older age groups might increase their participation even 

further [35, 36]. In view of our findings, offering a choice 
between modes in order to slightly improve response 
rates does not seem to outweigh the additional effort of 
designing paper questionnaires, digitalising the answers, 
and spending money on paper and postage in the studied 
setting.

We found that the type of response (i.e. missing, “do 
not know” or valid response) did not differ significantly 
between the mixed-mode and the online-only group. 
Also the content of response (when excluding non-valid, 
i.e. missing and “do not know” responses) was similar 
between the mixed-mode and the online-only group.

Few items, i.e. 8.2% (11/134) showed significant differ-
ences in content of response between groups. Although 
we adjusted for sociodemographic differences (age, sex, 
and education), residual confounding may be an issue 
because we did not have information on further socioec-
onomic measures such as profession and equivalised dis-
posable income. However, it is unlikely to have affected 
the response patterns between survey designs.

We found a difference with respect to the frequency 
of infections. Plante et  al. [9] also found differences in 

Table 1  Characteristics of the respondents in the HaBIDS study by survey design group

a  Differences to total N due to missing values, proportions excluding missing values
b  χ2 test comparing mixed-mode design group in total with online-only design group (missing values were not considered)
c  χ2 test comparing paper mode with online mode (missing values were not considered)
d  Wilcoxon rank-sum test comparing mixed-mode design group in total with online-only design group
e  Wilcoxon rank-sum test comparing paper mode with online mode

Mixed-mode 
group [na (%)]

Online-only  
group [na (%)]

p valueb Within mixed-mode

Paper-and-pencil 
[na (%)]

Online [na (%)] p valuec

N = 1110 N = 482 N = 620 N = 490

Sex 0.71 <0.001

 Female 683 (61.6) 292 (60.6) 417 (67.4) 266 (54.3)

 Male 426 (38.4) 190 (39.4) 202 (32.6) 224 (45.7)

Age at baseline (March 2014), median (IQR) 47 (34–57) 50 (39–59) 0.009d 50 (36–60) 44 (32–53) <0.001e

Marital status [na (%)] 0.04 0.15

 Married 656 (59.4) 298 (64.6) 363 (58.7) 293 (60.3)

 Unmarried 333 (30.2) 110 (23.9) 181 (29.3) 152 (31.3)

 Other (divorced, widowed) 115 (10.4) 53 (11.5) 74 (12.0) 41 (8.4)

Highest completed educational level 0.67 <0.001

 Lower secondary education or  
apprenticeship

336 (30.4) 139 (30.1) 229 (36.9) 107 (22.0)

 Still at upper secondary school 25 (2.3) 10 (2.2) 21 (3.4) 4 (0.8)

 University entrance qualification (upper 
secondary education or vocational school)

289 (26.1) 134 (29.0) 152 (24.5) 137 (28.1)

 University degree 457 (41.3) 179 (38.7) 218 (35.2) 239 (49.1)

Access to the Internet 0.008 <0.001

 Yes 1068 (96.8) 451 (99.1) 584 (94.5) 484 (99.8)

 No 35 (3.2) 4 (0.9) 34 (5.5) 1 (0.2)
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response to items related to highly prevalent and non-
specific symptoms in a study comparing telephone and 
online data collection. All other differences observed in 
our study were related to prevention measures and to 
attitudes towards adult vaccinations. However, all other 
items related to preventive measures (27 items) or atti-
tudes towards adult vaccinations (32 items) showed no 
significant differences among survey design groups. 
Therefore, it seems unlikely that an online-only study 
would generally attract participants with attitudes 
towards prevention different from those participating in 
a mixed-mode study.

If differences between mixed-mode and online-only 
were due to the online representation of the question-
naires, then these differences should also be present 
between the two modes of participation within the 
mixed-mode group and they should even be of larger 
magnitude. Two of the items, for which differences were 
observed between mixed-mode and online-only design, 
remained significant in the comparison within the mixed-
mode group and the corresponding OR were similar in 
both analyses. The finding of the same two items in both 
analyses by chance had the probability of 22%, i.e. consist-
ent with differences between study designs being random.

Strengths and limitations
The strength of our study is the population-based sam-
pling, which provides the possibility of generating 
generalizable estimates via post-stratification with demo-
graphical variables like age, sex, and education [37]. By 
inviting eligible individuals via regular mail, we likely 
reduced selection bias compared to convenience sam-
pling via the Internet. Using data from our longitudinal 
survey, we were able to investigate response patterns 
related to many different topics. By applying the FDR 
algorithm, we controlled the chance of false positive find-
ings, which was not done in previous studies and possi-
bly resulted in more reported differences. We did not use 
the Bonferroni correction for this purpose because it is 
overly conservative and might not allow detecting pre-
sent differences. We were able to validate our findings for 
response patterns both between survey designs (mixed-
mode vs. online-only) and between modes of data collec-
tion within the mixed-mode. Previous studies focussed 
only on one of these comparisons.

Our study has also some limitations. The overall 
response rate was below 10%. However, response rates 
in epidemiologic studies in Germany are decreasing in 
general [38] and there is evidence that non-response bias 

Fig. 3  Results of the ordinal regression analyses for each of the 134 items. Ordinal regression analyses with survey design group as independent 
variable and content of response as dependent variable (reference: online-only), adjusted for age at baseline, sex, and highest completed educa-
tional level. Black circle Odds ratio of the ordinal regression analysis; red circle Odds ratio significantly different from one after controlling the FDR 
(number of item: compare Additional file 1); grey ribbon 95% confidence intervals of the respective odds ratio
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may have little influence on estimations of relative differ-
ence between groups [39, 40].

The investigation of differences in responses in the 
online-only study compared to the mixed-mode group 
was not the primary research question of HaBIDS. As a 
consequence, we did not randomise participants to either 
get a choice between survey modes or not. We applied 
proportional stratified random sampling from the popu-
lation registries to obtain study samples representative 
of the respective regions. While the regions in which 
different survey designs were implemented were geo-
graphically close and we did not consider randomisation 
necessary, we did not expect a difference in age distribu-
tion across the study regions. Since participants in the 
two survey design groups came from different districts, 
we cannot adjust for the effect of different locations, but 
the comparison within mixed-mode design in a single 
location did not indicate regional differences. Because 
we had to cut expenses for postage, paper-and-pencil 
questionnaires were sent at two time points while online 
questionnaires were sent at seven time points. This fol-
low-up difference might have influenced our ability to 
disentangle the presence or absence of mode differences.

Conclusions
Data collected in the online-only group of our study were 
largely comparable to data from mixed-mode group, 
where participants had a choice between modes. With 
increasing use of the Internet, online-only studies offer 
a cheaper alternative to mixed-mode studies. Our study 
confirms that such an approach is not suffering from 
biased estimates caused by excluding individuals who 
would participate only in a paper-and-pencil study.
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