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ABSTRACT
In an experiment dealing with the use of personal computer,
tablet, or mobile, scale points (up to 5, 7, or 11) and response
formats (bars or buttons) are varied to examine differences in
mean scores and nonresponse. The total number of “not
applicable” answers does not vary significantly. Personal com-
puter has the lowest item nonresponse, followed by mobile
and tablet, and a lower mean score than for mobile. Slider bars
showed lower mean scores and more nonresponses than but-
tons, indicating that they are more prone to bias and difficult
in use. Sider bars, which work with a drag-and-drop principle,
perform worse than visual analogue scales working with a
point-and-click principle and buttons. Five-point scales have
more nonresponses than eleven-point scales. Respondents
evaluate 11-point scales more positively than shorter scales.
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1. Introduction

Responses may depend on the devices used to complete online surveys.
Web survey designers mostly gather data with rating scales looking like
radio buttons, but can also choose visual analogue scales, which are often
used in the medical sector, or slider scales, which are popular in market
research (Funke, 2015). Smith (1995), Jenkins and Dillman (1995), Couper
et al. (2004), Toepoel et al. (2009), and Toepoel and Dillman (2011)
showed that response formats affect responses. Couper et al. (2004)
showed that responses depend on the visual presentation of questions.
These visibility effects may be increased on mobile phones, which have
smaller screens, and by long response formats, including the total number
of scale points.

In an experiment conducted along the Growth from Knowledge Online
Panel in the Netherlands, we asked respondents to complete the survey on
either a regular desktop personal computer, a tablet, or a mobile phone. We
varied the types of radio buttons and bars, as well as the scales up to 5, 7, or
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11 points. We assess the frequency of response, nonresponse, and evaluation
as dependent on the type of device.

2. Background

2.1. What device to conduct surveys?

Online surveys where respondents can complete surveys on a regular perso-
nal computer, a tablet, or a mobile phone, increasingly resemble mixed-mode
designs where respondents answer either face-to-face, by telephone, or with
paper and pencil. Schouten et al. (2013) argue that different modes generate
selection and measurement biases. The decision for a mode of data collection
depends on response rates, costs, and delays. Respondents also choose the
device with which they complete the questions. Do we encounter the same
difficulties in mixed-device surveys?

Poggio et al. (2015) report 4% of panel members in the GESIS Pilot Panel
(Germany) accessing surveys through their mobile phones in 2011 and 2012.
Bruijne and Wijnant (2014) report up to 16% in the CentERpanel (the
Netherlands) in 2013. Amin et al. (2016) report 10% of all panel members
in the American Life Panel to use their mobile phones to answer question-
naires, and this for all surveys in a five-wave period ending in 2014. Toepoel
and Lugtig (2014) used responsive design—where questionnaire layout is
automatically adapted to device use—in a pilot study in the
MarketResponse panel. They report that 57% of panel members used their
mobile device when being told that the questionnaire was suitable for mobile
completion.

The position of an item on a screen differs per device and is dependent on
personal preferences. As mobile Internet use increases, people are expecting
that surveys are adapted to mobile devices. This changes the way we should
design online surveys. Tourangeau et al. (2013) show that the position of an
item on a screen has a systematic but not necessarily large effect on answers.
They argue that screen position effects may ruin comparisons if items have
different screen positions. Bruijne and Wijnant (2013a) found no significant
differences in answer distributions in a regular personal computer layout and
a mobile web layout using a responsive design (when the software detects the
respondent’s browser type). Respondents, however, were less satisfied with
the mobile than with the regular web layout.

Apart from positioning effects, response formats may interact with the
device used. In market research, large buttons or tiles are used in a
touchscreen layout. They are easier to pinpoint than small radio buttons.
It is unknown if they provide answers comparable to those obtained with
small radio buttons. Bars (slider scales or visual analogue scales) might
become more popular response formats because they require less space on a
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screen than buttons. With small screen sizes on mobile phones, and because
visibility determines response endorsement, assessing the influence of
answer formats has become necessary at an epoch when people use many
media.

2.2. Influence of the total number of scale points

In Likert-type rating scales, for which answers range in a continuum,
Beuckelaer (De) et al. (2013) argue that 11-point scales allow a higher level
of precision, but at the price of a lack of readability, resulting in errors. A
seven-point scale is the best compromise. A five-point scale produces incon-
sistent answer scores. Preston and Colman (2000) also favor Respondents
favored response scales with seven or more points for their reliability,
validity, and discriminating power. Test-retest reliability tends to decrease
for scales with more than 10 response categories, whereas respondents’
preferences are highest for 10-point scales, followed by 7- and 9-point scales.
Preston and Colman (2000) recall Miller’s (1956) theoretical analysis of
human information processing to prefer 7-point scales, which is confirmed
in the review by Maitland (2009). Krosnick and Fabrigar (1997) found a
curvilinear pattern such that scales of 5 to 7 points are the most reliable.

Weathers et al. (2005) claim that involvement with the scale, motivation to
respond accurately, or processing capacity could be related to scale reliability
and to the total number of scale points. Smarter people could handle more
alternatives. Visibility is affected by the total number of scale points. Couper
et al. (2004) show that visibility increases endorsement. The visibility of
answer options depends on the size of the screen and on personal settings.
A 5-point scale is entirely visible on mobile phones for 99% of respondents,
whereas an 11-point scale is visible only for 59% of respondents (Bruijne and
Wijnant, 2014). The horizontal or vertical orientation of the scale makes no
difference (Funke et al., 2011; Bruijne and Wijnant, 2014).

2.3. Response formats

Possible formats are radio buttons, big buttons, slider bars, and visual
analogue scales. The choice of a format should take account of measurement
error (Smith, 1995; Jenkins and Dillman, 1995; Couper et al., 2004; Toepoel
et al., 2009; Toepoel and Dillman, 2011).

Radio buttons are round circles in which the respondent clicks to answer.
Radio buttons are coded in HTML (Hypertext Markup Language) and work
with every browser, but they take much space on the screen and cannot be
reduced in size.

Big buttons, in which cells or tiles are clickable, are easy to handle on small
screens, but take much space on the screen.
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Slider scales, where respondents drag a “handle” to the desired answer
point on a bar representing the range of choices, require less space on the
screen. Funke et al. (2011) have shown the dependence of the answer on the
initial position of the slider.

Visual analogue scales are also on a bar, most often horizontal, but
respondents give a rating by positioning their click on the line. Visual
analogue scales save space similar to slider scales: 50 response options take
the same space as a 3-point scale with radio buttons (Funke, 2015). They can
be implemented either as a continuous (with pixel precision) or as a discrete
rating scale. Visual analogue scales require JavaScript or another technology
available on the respondent’s device.

On mobile devices, Sikkel et al. (2014) find that dragging formats are
better evaluated by respondents, but that they lose their ergonomic advantage
at the follow-up test. They should then be used sparingly. Funke (2015)
shows that a small difference in rating can have a large influence on data
quality for slider scales; in contrast, visual analogue scales are as robust as
radio buttons. This discrepancy still holds true on touch screen devices such
as smartphones.

3. Method

Data are those of the Growth from Knowledge Online Panel. They are
representative in age over 15, sex, and education of the Dutch population.
This nonprobability online access panel is certified by the International
Organization for Standardization. We selected respondents owning a per-
sonal computer, a tablet, and a mobile phone. Filling the questionnaire
lasted 5 minutes. The questionnaire contains three sections and starts with
three questions about attitudes towards surveys. Then 16 questions are
formulated in the experimental section, and the questionnaire is terminated
with seven evaluation questions. We use a fully crossed 3 × 5 × 3 factorial
between-subjects experimental design, in which we assign respondents at
random:

● Factor 1: either desktop personal computer, tablet, or mobile phone;
● Factor 2: either radio buttons, big buttons, slider, visual analogue scales,
or a mix of slider and visual analogue scales;

● Factor 3: either 5-, 7-, or 11-point scales.

Formats are identical in length and color but are either point-and-click or
drag-and-drop, and are equipped with either bar or buttons, in order to
prevent respondents from confusing the length of the scale with the total
number of scale points. In order to distinguish nonresponse from response,
the handle in the slider scales is positioned outside the bar, with valid ratings
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on the left-hand side. In the mix of sliders and visual analogue scales,
respondents have the choice between drag-and-drop and point-and-click.
The survey was conducted in April 2014. The response rate on tablets and
mobiles is lower than on desktops. We sent a reminder to tablet and mobile
users. Table 1 shows the total numbers of invitations and responses. The
response percentage is 30%; the nonresponse 34%. We dropped 32% of
respondents, because our quota was already fulfilled. The dropout rate is 4%.

4. Results

Many people completed the survey on another device than the one requested
(Table 2): among those assigned to a desktop, 15% completed the survey on a
tablet and 9% on a mobile phone. Half of the respondents assigned to a tablet
or a mobile phone did not comply and used another device.

4.1. Data quality: response distributions

We proceed to a preliminary analysis of covariance to characterize self-
selection with respect to a particular device. The coefficient of this variable
is not significant, which allows us to discard any selection effect with respect
to the choice of the device used by the respondent. We then proceed to a
one-way between-groups analysis of variance of scores as functions of device,
response formats, and total number of scale points. Table 3 shows that, at the
5% confidence level, both device and format matter. Neither the total number
of scale points nor the cross-effects are significant. The explained variance is
small (R2 = 0.01), the Tukey test indicates that the standardized mean scores
for personal computer are significantly lower than for smartphones (mean
difference = −0.01, standard error = 0.002). Scores for slider bars as response
format are significantly lower than those for radio buttons (mean

Table 1. Frequencies of invitations and responses by device.
Desktop personal computer Tablet Mobile Total

First invitation 2,694 2,695 2,696 8,085
Second invitation 2,618 6,228 8,846
Total number of invitations 2,694 5,313 8,924 16,931
Total number of responses 1,709 1,702 1,666 5,077

Table 2. Difference between the assigned device and the device used for filling out the
questionnaire.

Assigned

Used device Desktop personal computer Tablet Mobile Total number
Desktop personal computer 76% 28% 19% 1,709
Tablet 15% 54% 28% 1,702
Mobile 9% 18% 53% 1,666
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difference = −0.01, standard error = 0.003). The handle of the slider bars was
positioned on the left-hand side of the bar, requiring an additional eye
movement from the respondent wishing to increase his or her score.

Respondents are randomly distributed among devices (smartphone: 1470,
tablet: 1502, personal computer: 1508), response formats (radio buttons: 894,
big buttons: 897, sliders: 896, visual analogue scales: 896, mix of slider and
visual analogue scale: 897), and total number of scale points (5-point: 1494,
7-point: 1492, 11-point: 1494).

4.2. Data quality: item nonresponse

Table 4 presents a one-way between-groups analysis of variance of the
total number of missing responses, over 16 questions, as a function of
device, response format, and total number of scale points. At the 5%
confidence level, the scores change significantly for different devices,
response format, and total number of scale points. The response format

Table 3. One-way between-groups analysis of variance of device, format, and total number of
scale points on the standardized average score across 16 questions.

Fisher F Degrees of freedom Significance

Model 1.19 44 0.18
Intercept 91.07 1 0.00
Device 6.57 2 0.00
Format 3.53 4 0.01
Total number of scale points 0.21 2 0.81
Device × formats 0.96 8 0.47
Device × total number of scale points 0.60 4 0.66
Format × total number of scale points 0.18 8 0.99
Device × format × total number of scale points 0.82 16 0.67
Error 4,435
Total 4,480
Corrected total 4,479

Table 4. One-way between-groups analysis of variance as a function of device, format, and total
number of scale points of nonresponses across 16 items.

Fisher F Degrees of freedom Significance

Model 5.21 44 0.00
Intercept 452.80 1 0.00
Device 22.19 2 0.00
Format 25.21 4 0.00
Total number of scale points 6.65 2 0.00
Device × formats 2.91 8 0.00
Device × total number of scale points 0.47 4 0.76
Format × total number of scale points 2.71 8 0.01
Device × format × total number of scale points 1.53 16 0.08
Error 4,435
Total 4,480
Corrected total 4,479
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interacts significantly with device and with the total number of scale
points: especially on smartphones, sliders and visual analogue scales are
more likely to lead to nonresponse. We noticed no cross-effects between
device and the total number of scale points. The explained variance is low
(R2 = 0.05); the Tukey test indicates that nonresponse for personal
computers is significantly lower than for smartphones (mean difference
of scores = −0.16, standard error = 0.04) and tablets (mean differ-
ence = −0.29, standard error = 0.04). Scores for radio buttons are sig-
nificantly higher than for sliders (mean difference = 0.45, standard
error = 0.06) for the mix of slider and visual analogue scale (mean
difference = 0.39, standard error = 0.06) and for visual analogue scales
(mean difference = 0.16, standard error = 0.06). Radio and big button
formats have the fewest nonresponses. Five-point scales have more non-
responses than 11-point scales (mean difference = 0.16, standard
error = 0.04).

Table 5 shows that, for 5-point scales, differences in the total number of
nonresponses are smaller on personal computers than on tablets and mobile
phones. Sliders and the mix of slider and visual analogue scales have more
nonresponses than the other formats. For 7-point scales, Table 5 shows that
the tablet still has the highest proportion of nonresponses across all devices,
but that the differences with other devices are smaller. For 11-point scales,
Table 5 shows that personal computers depend less on the response format.
Sliders and visual analogue scales have more nonresponses on mobile phones
than on other devices.

Table 5. Mean of the total number of nonresponses across 16 items by device and response
format.

Desktop
personal computer Tablet Mobile

5-point scale
Radio buttons 0.06 0.15 0.37
Big buttons 0.36 0.20 0.11
Slider 0.33 1.17 1.02
Visual analogue scale 0.2 0.46 0.31
Mix 0.52 1.01 0.69
7-point scale
Radio buttons 0.05 0.27 0.15
Big buttons 0.21 0.29 0.12
Slider 0.62 0.71 0.50
Visual analogue scale 0.15 0.53 0.28
Mix 0.28 0.83 0.62
11-point scale
Radio buttons 0.03 0.37 0.08
Big buttons 0.25 0.33 0.11
Slider 0.13 0.46 0.60
Visual analogue scale 0.13 0.41 0.53
Mix 0.16 0.65 0.31
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4.3. Total number of “not applicable” answers

Every question has a “not applicable” option presented below the list of
options. An analysis of variance shows no significant differences in the
total number of respondents selecting the option “not applicable” across
devices, total number of scale points, and response formats.

4.4. Evaluation of respondents

We compute scores of the respondents based on their opinions with respect
to “clarity,” “fun,” “layout,” “usability,” “difficulty,” and “seriousness” of the
questioning. The regression of this score in Table 6 has type of devices, total
number of scale points, response formats, socio-demographics, and device
experience as explanatory variables. Respondents favored 11-point scales
over 5- and 7-point scales. Users of mobile phones rated the questionnaire
significantly lower than users of personal computers or tablets.

Crossed effects among devices, total number of scale points, and response
formats show that respondents who have chosen their device (by ignoring
their assignment) are more critical with the questionnaire, except those who
have chosen the mobile. Bar conditions are also favored on mobile phones
and tablets, particularly for 5-point scales. Men are more critical than women
with the questionnaire, singles more than people in couple, old people more
than middle-aged respondents and those with higher education or higher
income. Regular users of personal computers and mobiles for surveys express
more satisfaction with the questionnaire than others.

5. Conclusion

We examined the influence of response formats and devices on response,
nonresponse, and evaluation. Participants owning a personal computer, a
tablet, and a mobile phone were assigned to three experiments, combining
device (personal computer, tablet, or mobile phone), response format (radio
buttons, big buttons or tiles, slider bars, visual analogue scales, or a mix of
slider and visual analogue scale) and total number of scale points (5, 7, 11).
Many respondents did not use the device they were assigned to but chose one
on their own. We find no bias due to this selection effect, however.

Slider bars with drag-and-drop perform worse than radio buttons, big
buttons, and visual analogue scales. The handle, presented on the left-hand
side of the bar, biases responses to the left-hand side of the scale (Funke et al.,
2011). Visual analogue scales perform as well as radio buttons. Respondents
favored bars over buttons, but visual analogue scales save space compared to
radio buttons, which may be handy for Internet survey designers.
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Respondents find 11-point scales not more difficult than 5- and 7-point
scales; they even favor them. However, 11-point scales take too much space
on small screens such as those of mobile phones. In our experiment, we
used the same length for 5-, 7-, and 11-point scales; but, usually longer

Table 6. Evaluation of the questionnaire.
Standardized coefficient Significance

Radio buttons Ref.
Big buttons −0.00 0.94
Sliders −0.01 0.81
Visual analogue scales −0.04 0.19
Mix −0.05 0.16
5-point −0.00 0.99
7-point Ref.
11-point 0.08 0.04
Desktops Ref.
Tablets −0.06 0.10
Mobiles −0.20 0.00
Self-selection of device −0.05 0.05
Big buttons × 5-point −0.01 0.69
Big buttons × 11-point −0.03 0.26
Big buttons × tablet 0.00 0.89
Big buttons × mobile 0.03 0.24
Slider × 5-point 0.02 0.55
Slider × 11-point −0.01 0.63
Slider × tablet 0.02 0.54
Slider × mobile 0.04 0.15
Visual analogue scale × 5-point 0.00 0.99
Visual analogue scale × 11-point −0.00 0.96
Visual analogue scale × tablet 0.05 0.04
Visual analogue scale × mobile 0.04 0.08
Mix × 5-point 0.05 0.04
Mix × 11-point 0.01 0.73
Mix × tablet 0.03 0.29
Mix × mobile 0.05 0.04
5-point × tablet −0.01 0.85
5-point × mobile −0.02 0.34
11-point × tablet −0.03 0.25
11-point × mobile −0.03 0.29
Self-selection of device × tablet 0.03 0.25
Self-selection of device × mobile 0.06 0.01
Sex (1 = man) −0.09 0.00
Age 0.15 0.00
Age >65 (yes = 1) −0.06 0.00
High education −0.15 0.00
High income −0.03 0.03
Single −0.05 0.00
Interview duration −0.02 0.15
Experience with desktops 0.02 0.34
Experience with tablets −0.01 0.70
Experience with mobiles −0.00 0.95
Experience with surveys on desktops 0.07 0.00
Experience with surveys on tablets 0.02 0.34
Experience with surveys on mobiles 0.06 0.00

Analysis of variance Fischer test F(4722, 44) = 9.71, p < 0.01. R2 = 0.08. We found no significant crossed
effects with socio-demographics and experimental factors, except that men prefer big buttons and higher
educated people dislike 11-point scales.
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response scales take more space to the detriment of visibility. We showed
that respondents, except regular users of mobile surveys, prefer personal
computers over mobile devices to fill out the questionnaires. Then, habit
can compensate for less comfort of use. We have then clarified some
ergonomics involved in surveys. We have shown that response is sensitive
to device, formats, and scales. This gives guidelines for survey
organizations.
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