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ABSTRACT

The paper introduces Stripe, an interactive continuous scale
for online surveys that makes it easy to compare multiple
answers on a single screen. The Stripe is evaluated as an
alternative to the n-point Likert scale, which is commonly
used in online usability questionnaires like the System Us-
ability Scale (SUS). The paper presents the results of a user
study, which confirmed the validity of results gained with the
proposed Stripe interface by applying both the Stripe and
the Likert interface to an online SUS questionnaire. Addi-
tionally, the results of our study show that the participants
favor the Stripe interface in terms of intuitiveness and ease
of use, and even perceive the Stripe interface as less time
consuming than the standard Likert scaled interface based
on radio buttons.
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1. INTRODUCTION

Questionnaires are a common tool for usability evaluation in
HCI research. For the purposes of our own usability testing,
we developed Stripe, a more interactive and compact scale
that fits on smaller screens and supports the comparison of
answers across different questions. Knowing that the design
of a user interface can affect the gathering procedure, and
in some cases influence (or bias) the results [6, 8], we per-
formed a user study that compared the validity of the newly
proposed Stripe interface with the standard Likert scale.

The user study tested both user interfaces on the System Us-
ability Scale (SUS) questionnaire for two well-known prod-
ucts. This gave us the ability to compare the SUS scores at-
tained through both user interfaces to SUS scores reported
by other studies. To further evaluate the potential of Stripe,
we also performed a usability survey on both interfaces.

2. RELATED WORK

Usability is defined as the extent to which a product can be
used by specified users to achieve specified goals with effec-
tiveness, efficiency and satisfaction in a specified context of

use [12]. There are many standard methodology tools avail-
able for measuring various usability aspects, ensuring the
validity and comparability of results gained by a method-
ologically sound and well-structured approach. The tools
vary in size and scope, but they all commonly use the Likert
scale as the de facto standard for user-feedback gathering.

The NASA-Task Load Index (NASA-TLX) is a multi-dim-
ensional scale designed to obtain workload estimates from
a user performing a specific task [9, 10]. The ATTRAKD-
IFF questionnaire [11] is often used for qualitative evalua-
tion of the pragmatic and hedonic aspects of a product or
service. For measuring the usability aspects, the Software
Usability Measurement Inventory (SUMI), Questionnaire for
User Interaction Satisfaction (QUIS), System Usability Scale
(SUS) and Usability Metric for User Experience (UMUX)
are commonly used [13]. SUMI is a 50-item Likert scale
questionnaire that measures five aspects of user satisfaction
and scores them against expected industry norms. QUIS
consists of a 27-item Likert scale and is similar to SUMI,
but measures attitude towards 11 interface factors. SUS [2]
is a 10-item Likert scale questionnaire measuring the us-
ability and an overall satisfaction with a product or service.
Finally, the UMUX [6] is a 4-item Likert scale questionnaire
used for a subjective assessment of perceived usability.

For the purpose of testing new user interfaces for surveys,
the SUS provides the right balance between length and pre-
cision with its 10 questions. Like other standard usability
measurement methodology approaches, the SUS was care-
fully constructed from the beginning in order to achieve high
reliability, validity and repeatability of results [2]. The result
of the SUS is a single score, between 0 and 100.

2.1 Scales used in online questionnaires
Paper-based questionnaires have a long history of experi-
mentation with different styles of rating scales, especially in
the field of psychology. Visual analogue scales (VAS) ap-
peared back in 1921 and were improved upon by graphic
rating scales (GRS) in 1923 [4]. Both scales include an an-
chored horizontal line, with extreme values of the measured
property listed at each end [4]. The user can place a mark
anywhere along the continuous line.

In 1932 psychologist Rensis Likert introduced his own scale,
which limits the number of available options to 5 in the
original scale and no longer provides a continuum of choices
along the line [5]. Since then, the Likert scale has been



adapted to different types of questionnaires, including online
versions that use standard HTML input radio buttons.

In contrast, continuous line-based scales have not been sup-
ported by the HTML standard until recently. HTML5 in-
troduced a new “range” input type, which creates a slider
scale with a handle that can be moved along the line to
select a value!. The slider can be configured to support
discrete steps or to act as a continuous scale. A potential
problem with this approach is that the initial slider position
can influence the response and can even lead to a different
response distribution when compared to traditional scales
based on radio buttons [7]. Luckily, the wide adoption of the
JavaScript programming language in modern web browsers
offers new opportunities for more interactive user interfaces
that can bypass the limitations of standard HTML input
types.

Research on online survey interfaces tends to focus on the
validity of results and user performance (completion time),
but fails to evaluate other usability aspects of alternative
interfaces. For example, Couper et al. [4] compared online
questionnaires that used VAS to ones with different styles of
radio buttons and surveys with numeric input fields. Their
experiment found that while VAS surveys took longer to
complete and contained more missing data, they produced
the same response distributions as other types. Cook et al.
[3] compared a slightly different style of online graphic rat-
ing slider scales with surveys based on radio buttons and
found that both provided reliable scores, but also noticed
that sliders took a bit longer to manipulate. User satisfac-
tion and subjective perceptions were not evaluated in these
studies, which calls for more HCI research that takes a wider
range of usability aspects into account when evaluating new
interfaces for online surveys.

In the following Section we propose the Stripe, an alterna-
tive to the Likert scale that aims to take advantage of the
benefits of continuous scales while offering a more compact
interactive user interface that makes it easy for users to com-
pare answers, even on a smaller screen.

3. THE STRIPE: A DYNAMIC INTERFACE

The Stripe is a user interface developed to provide an inter-
active and intuitive continuous-scale alternative to the stan-
dard multi-point scale interfaces. It is implemented as a can-
vas with one horizontal dimension (Figure 1). The dimen-
sion represents the presence of a variable, ranging between
two extremes (e.g. negative/positive, absent/significantly
expressed, completely disagree/agree). This is similar to the
standard VAS scale. But unlike the VAS or the Likert scale,
the Stripe interface accommodates drag-and-drop function-
ality for multiple labels, as well as annotation of multiple
categories on the same canvas. In its simplest form, the user
is provided with a set of labels describing different nominal
values of the variable. By dragging the labels onto different
positions of the canvas, the user marks their perception of
each individual label on a continuous scale. The positions of
placed items can subsequently be quantized to discrete val-
ues, if so desired. The amount of information retrieved by
the Stripe interface is therefore at least equal to the amount
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of information gathered by a radio button matrix (for ex-
ample, a set of 5-point scales) commonly used to capture
similar information

The Stripe and its extended version were already used in
an online survey on multi-modal perception of music [14],
and later evaluated in terms of usability, using a modified
version of the NASA TLX questionnaire [15]. However, in
order to fully evaluate the potential of Stripe, it is necessary
to compare it with the standard multi-point Likert scale
approach, typically used in online surveys.
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Figure 1: The Stripe interface. The statements are
shortened into phrases for improved readability, but
the full statement for each label is shown on ’mouse-
over’.

4. EVALUATION

The goals of our experiment were: 1) to evaluate the va-
lidity of SUS scores gathered with the Stripe interface using
the Likert scale as control and 2) to compare the usability of
the Stripe interface with the usability of the standard Likert
scale. The Stripe interface was designed for online question-
naires, so the experiment was conducted online. The user
study was conducted on 2 different groups of participants,
two months apart, to provide additional verification of the
results.

4.1 Participants

A total of 68 participants, recruited from students and fac-
ulty members at the University of Ljubljana, fully completed
the user study. Only participants with previous experience
with the subject of the SUS were included in the survey, to
obtain feedback from users with pre-existing experience and
regular interaction with the chosen SUS subject.

For the first, Gmail survey, we collected feedback from 41
participants, 12 were male and 29 were female. Their av-
erage age was 29.4 years, with 7.1 standard deviation. For
the second, Microsoft Exchange survey, we collected 27 re-
sponses from 21 female and 6 male participants. The average
participant’s age was 31.5 years, 7.9 standard deviation.

4.2 Experiment procedure

The user study was conducted online, with participants fill-
ing in all questionnaires on their own, using their own com-
puters and their web browser of choice. At the beginning,



each participant was asked to confirm their familiarity with
the product being evaluated in the SUS: Gmail for the first
group of participants and Microsoft Exchange for the second
group. Participants that passed this initial step continued to
filling is the SUS questionnaire twice. The formal Slovenian
translation of the SUS questionnaire was used [1].

The website randomly assigned either the Stripe or Likert
version of the SUS first, followed by the other version, dis-
played on a separate page. The user interface used in the
SUS questionnaire was the independent variable, the two
configurations were the Stripe interface and the 5-point Lik-
ert scale. The resulting SUS score was the dependent vari-
able. This part of the experiment lasted on average ap-
proximately 7 minutes per participant, no time limits were
imposed.

After the SUS evaluation, the participants were presented
with 3 additional usability questions on a 7-point scale:

e By comparing both, the Stripe and the 5-point scale
interfaces, which of the interfaces was more intuitive
and comprehensible? (1 - 5-point scale, 7 - Stripe)

e By comparing both, the Stripe and the 5-point scale
interfaces, which of the interfaces takes more time to
fill-in? (1 - 5-point scale, 7 - Stripe)

e Is it easier or more difficult to express your opinion
with the Stripe interface (due to the visual comparison
of your answers)? (1 - easier, 7 - more difficult)

Basic demographic data (age and gender) of participants
with optional written feedback was also collected during the
final step. All questions were asked in Slovenian language.

5. RESULTS AND DISCUSSION

The scores of the SUS questionnaire for both groups of par-
ticipants and both interfaces are shown in Table 1. For both
experiments, results indicate consistent responses gathered
with each interface. However, the standard deviation of re-
sponses gathered by the Stripe interface is smaller. This
is due to the use of a continuous scale, which allows for a
more fine-grained positioning of the labels, unlike restricted
options on traditional n-point scales. When we performed
a quantization of continuous responses into a 5-point scale
(row 3 in Table 1), the scores were very similar for both in-
terfaces. The average SUS score for Gmail was close to the
average SUS score of 83.5 from [3], further confirming the
roboustness of the SUS questionnaire and the validity of our
results for both interfaces.

To further explore the consistency of results for both inter-
faces, we performed a two sample t-test for each question
given in the Stripe and the 5-point Likert interface. The
variances for all 10 SUS questions appear statistically consis-
tent within each pair of variables for a given question. Thus,
we rejected the null hypothesis of unequal variances for each
pair of question variables for &« = 0.01. Consequently, we
performed the analysis of variance for the cumulative scores.
The variances for both services appear not to differ signifi-
cantly. No group has marginal means statistically different

from the other for @« = 0.01. The ANOVA shows no statis-
tical differences between values gathered by both interfaces
for both services, Gmail and Microsoft Exchange (p = 0.32).
Furthermore, the ANOVA shows no statistical difference in
variances between both services (p = 0.44).

The study also included questions on how both interfaces
compare in terms of intuitiveness and comprehension, time
perception and difficulty. The results showed that the par-
ticipants found the Stripe more intuitive and comprehensible
with the average values of 4.54 on a 7-point scale. In terms
of time perception, the Stripe was rated as slightly less de-
manding than the 5-point Likert scale with an average value
of 3.79 (Figure 2). Finally, the participants rated the Stripe
interface as slightly easier for expressing opinions, with the
average score of 3.42 on a 7-point scale (1 - the Stripe was
easier than the Likert interface, 7 - the Stripe was more
difficult than Likert).

By comparing both, the Stripe and the 5-point scale
interfaces, which of the interfaces takes more time to fill-in?
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Figure 2: Comparison of the Stripe and Likert scale
shows that the 5-point scale is perceived as more
time consuming.

Overall, the results favor the Stripe interface over the 5-point
Likert scale: mostly in terms of intuitiveness, slightly less in
terms of simplicity of expressing an opinion. An unexpected
result was the finding that participants found the 5-point
Likert scale, which was implemented with standard radio
buttons, as slightly more time consuming than the graphical
and interactive Stripe interface. This result is at odds with
research that shows that graphical scales take more time
to fill-in than radio button scales, which leads us to the
conclusion that the participants found the Stripe interface
more enjoyable and engaging than the standard Likert scale
interface.

6. CONCLUSION

Usability questionnaires like the SUS are still widely based
on the traditional n-point Likert scale, which has also been
adopted in online surveys due to its simple implementation
with HTML radio buttons. And while there is some existing
research that compares Likert scales with continuous scales,
most research focuses on time performance and reliability
of results. For this reason, we decided to conduct a user
study that would also evaluate the usability of an alternative
user interface for online usability surveys. In addition to
providing the benefits of a continuous scale, the proposed



Table 1: Comparison of average SUS scores and their deviations for the 5-point Likert scale and Stripe

interfaces.
Gmail Exchange
User interface Avg. SUS score || o of SUS scores Avg. SUS score o of SUS scores
(1) 5-point Likert SUS 79.88 18.03 72.03 20.32
(2) Continuous Stripe SUS 79.02 16.61 70.03 21.44
(3) 5-point Stripe (quantized) 80.55 17.27 70.37 22.36
Alvs. 2 0.86 1.42 2.00 1.12
Alvs. 3 1.67 0.76 1.66 2.05

Stripe scale also aims to provide a more compact alternative
that could work well across different devices and smaller
screens.

The results of the user study, which was conducted online
on two separate groups of participants, show that both the
Stripe and Likert scale interfaces provide consistent SUS
scores, confirming the Stripe interface as a viable alterna-
tive. The Stripe interface was favored in terms of intuitive-
ness and chosen as easier for expressing opinions. The most
surprising result was seeing the Stripe interface score slightly
better in terms of perceived time. While surveys based on
graphical interfaces like the Stripe usually take more time to
complete, the participants in our study rated the standard 5-
point Likert scale as taking slightly more time. Overall, our
results show that the Stripe interface was the participant’s
favorite interface across all tested usability aspects.
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