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Abstract
In this position paper we argue for the need of using standardized questionnaires for assessing usability in audio-visual
representations. By using standardized measures of usability, comparability and validity of research studies in this field
will be improved. However, it is not clear which questionnaire that is most suitable for assessing usability in audio-visual
representations, neither when assessing the modalities individually or the combination. We present a variety of different
questionnaires available, and argue for the need of combining different measures as well as developing new.
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1. Introduction
By using audio-visual analytics, the best of visualiza-
tion and sonification can be combined to create a strong
and informative data analysis. In this position paper we
argue for the need of standardized evaluation methods,
specifically questionnaires, for audio-visual analytics that
consider visualization and sonification (or auditory dis-
plays) separately as well as the combination of these two
modalities. The lack of standardized evaluation methods
imposes serious constraints on the possibility to conduct
evaluation studies and on the results. These concerns
are not new and have been raised before in relation to
visualization [1], but with this position paper we follow
up on this reasoning with a focus on audio-visual data
analysis.

A challenge in audio-visual analytics is that both
modalities, should be assessed in combination, as the
outcome of such data analysis might be equally affected
by both modalities. However, the modalities should also
be assessed individually to ascertain insight and knowl-
edge in how they, separately, affect the process. Also,
data analytics tools are often interactive (see for example
discussions in [2, 3, 4, 5, 6]), consequently interaction
should also be taken into consideration in evaluation.

There are benefits of using standardized questionnaires
in evaluation studies for information visualization and
sonification. Evaluation studies in both visualization and
sonification borrow theory and methods from other dis-
ciplines, such as the research area of human-computer
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interaction (HCI), interaction design, or cognitive er-
gonomics. These methods were not developed to be
used for evaluation in information visualization or soni-
fication, and consequently not for the combination of
these. As a result, many questionnaires do not address
aspects of use and experiences that are relevant to study
in audio-visual analytics. This means that evaluators,
from study to study, are adapting existing methodology
to fit their needs or have to develop new approaches and
schemes for assessing the usability of their work. This
in turns may lead to challenges in judging the reliability
and the validity of individual studies and doubtful study
outcomes (see for example discussions in [7]). When
study outcomes become questionable and when differ-
ent studies use different evaluation methods, it becomes
hard to compare results between evaluation studies. This
makes it difficult to find general patterns between dif-
ferent tools, techniques, and approaches, and to keep
building on previous results.

The lack of standardized methodology to rely upon
when conducting evaluation studies makes it difficult
to produce credible and comparable results and it may
also lead to researchers avoiding conducting evaluation
studies at all. This means that promising audio-visual de-
sign ideas might be rejected since convincing evidence of
usability is not presented, or that less useful ideas are pre-
sented and promoted. We believe that standardized ques-
tionnaires considering usability of all aspects of audio-
visual analytic tools (i.e., visualization, sonification, the
combination of these, as well as the interaction) would be
a much needed and valuable contribution to the growing
research field of audio-visual analytics. The opportu-
nity of presenting this paper at the WAVA22 (AVI 2022
workshop on audio-visual analytics) and discussing this
proposed work with the workshop participants, could
initiate the process to develop and establish a set of such
standardized instruments in the community.
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2. Measuring usability
To obtain a relevant measure of usability, the concept
of usability needs first to be defined. According to the
ISO9241-11 standard [8], usability is a measure of qual-
ity in terms of the extent to which a specified user can
achieve specified goals with effectiveness, efficiency, and
satisfaction in a specified context of use. Usability has
also been defined as being composed of concepts such
as learnability, memorability, subjective satisfaction, and
error rates [9]. In the ISO9241-11 standard, memorability
and error rates are included in the effectiveness aspect
while learnability is included in efficiency.

When measuring usability, it is, in many cases, impor-
tant to address all three aspects: effectiveness, efficiency,
and satisfaction, and these aspects can be measured with
both objective and subjective measures. Subjective mea-
sures are not limited to only referring to the satisfaction
aspect, but objective measures (i.e., effectiveness and effi-
ciency) can also be evaluated subjectively [10]. Objective
and the subjective measures do not always correlate. As
an example, when a user is more engaged in a task, time
is perceived to pass more quickly [11, 12, 13]. This means
that the objective and subjective measures should be con-
sidered independently and investigated separately, when
necessary, as these measures might result in different
conclusions [14].

Visualization and visual analytics, as well as sonifica-
tion are well-established scientific fields, with extensive
work carried out both on auditory and visual represen-
tation of data. Visualization is more than pretty pic-
tures [15] and the overall purpose of visualizing data is
insight and not pictures [16]. When an information visu-
alization technique is implemented in a system, usability
is hence crucial [2, 17]. Similarly, sonification is more
than just the transformation of data into sounds. The
purpose of sonification is to communicate data [18], thus,
usability is equally important in this field, considering as
an example perception of auditory data representations
and precision vs. perception of music [19, 20, 21, 22].
The work on audio-visual analytics is sparse compared to
visualization and sonification, even if there is an immense
potential for audio-visual analytics environments [23].

In visual data analysis dynamic human interaction is
essential for exploring the data [3, 4, 2], and this has
also been suggested to be the case for sonification [5, 6]).
Interaction design is about creating conditions for opera-
tion and use of digital designs [24] and using interaction
in data analytics affects perception and experience of
both visualization and sonification. Therefore, we would
like to argue that interaction is an important part of an
audio-visual analytics tool [25] and usability aspects of
interaction could consequently be an important aspect
to be assessed in the evaluation.

3. Questionnaires for assessing
usability

As mentioned above, to assess the usability of a repre-
sentation, both objective (quantitative) and subjective
(qualitative) measures are needed. Questionnaires can
provide data about subjective experiences of satisfaction
and aesthetic experiences of visualization and sonifica-
tion, but also about effectiveness (i.e., the experienced
correctness of answers given) and efficiency (i.e., the
experienced swiftness of the answers given). This in-
formation can also be obtained via e.g., interviews or
think-aloud methods, however questionnaires are easier
to administer and often less time consuming. Further-
more, questionnaires can assure reliability since they
are consistent to all participants in a user study. This
also increases reproducibility and comparability between
studies. Most often evaluators borrow questionnaires
and evaluation methods from other research fields, as
mentioned above, measuring task load, user experience,
or user engagement [26, 27].

There are a number of standard measures of usabil-
ity (see for example [28, 29]), such as the System Us-
ability Scale (SUS) [30] for exploration of usability of a
system, the Questionnaire for User Interface Satisfaction
(QUIS) [31] which elicits user opinions and evaluates
user acceptance of a computer interface, the Software
Usability Measurement Inventory (SUMI) [32] offering
a measure of software quality from the end user’s point
of view, the NASA Task Load index (NASA TLX) [33]
which is a subjective assessment tool rating perceived
workload to assess a task, system, or team’s effectiveness
or other aspects of performance, the After-Scenario Ques-
tionnaire (ASQ) [34] which assesses the difficulty level a
user perceives a task in a usability test, the Post-Study
System Usability Questionnaire (PSSUQ) [34] that mea-
sures users’ perceived satisfaction of a website, software,
system or product, and the Computer System Usability
Questionnaire (CSUQ) [34] measuring user satisfaction
with system usability. All of these are in general good
and useful to assess, at least, parts of an audio-visual
representation.

User experience, as part of usability, builds on the sat-
isfaction dimension of usability [8]. User experience as-
sesses aspects like user emotions, perceptions, responses,
adaptability, desirability, and value. There are differ-
ent standard questionnaires for assessing user experi-
ence, such as the Usability Metric for User Experience
(UMUX) [35] measuring an application’s perceived us-
ability in regard to the ISO9241-11 definition of usabil-
ity, the UMUX-Lite [36] which is a shorter and faster
version of UMUX, and the standardized questionnaire
for the Component model of User Experience (meCUE
and meCUE2.0) [37, 38] which is based on the analytical



component model of user experience [39] exploring per-
ception of product characteristics (usefulness, usability,
visual aesthetics, status, commitment), users’ emotions,
and consequences (product loyalty and intention to use).

Other questionnaires that assess relevant aspects are
related to immersive experience, gaming experience, and
user engagement, such as Immersive Experience Ques-
tionnaire (IEQ) [40] that measures the subjective experi-
ence of being immersed while playing a video/computer
game, the Gaming Engagement Questionnaire (GEQ) [41]
assessing levels of engagement specifically elicited while
playing video games, and the User Engagement Scale
(UES) [42, 43] measuring users’ experienced aesthetic ap-
peal, focused attention, novelty, perceived usability, felt
involvement, and endurability. Even if these measures
might be perceived as somewhat unrelated to evaluation
of audio-visual representations, they still contribute to
a better overall understanding of how a user perceives,
uses, and experiences such representations.

All the above-mentioned questionnaires may be of use
when evaluating audio-visual representations and analyt-
ics tools, however, they were not developed specifically
tailored for visualization or sonification. Consequently,
there is a need for instruments that cover the unique
aspects of visualization and sonification, together with
interaction.

3.1. Questionnaires for visualization and
sonification

To this date there are no, at least to the authors’ knowl-
edge, standardized questionnaires proposed for specifi-
cally evaluating visualization. Also, it has been suggested
that standardized measurements for information visual-
ization might be difficult to apply due to the diversity
of the field [44]. The benefits of standardized question-
naires are evident, and we believe and suggest that one
way of accomplishing this is to develop a number of ques-
tionnaires that separately assess aspects such as mapping
strategies, perception, experience of data values, experi-
ence of insights, where some questionnaires could assess
the modalities separately and others the combination.

There are some differences between visualization and
sonification [45] that need to be considered when eval-
uating sonification, and which would motivate having
specifically designed questionnaires for sonification, or
at least complement questionnaires with sonification
specific questions. Visual representations are primar-
ily spatial while auditory representations in sonification
are temporal. This suggests that typically visualization
consists of static elements, while sonification has more
dynamic elements. Visualization has more focused at-
tention, letting a user focus on individual visual objects,
while sonification rather has distributed attention provid-
ing more overview information. Visualization is good to

use for representing structures while sonification might
be good for representing processes. A visual represen-
tation can be experienced and explored in a non-linear
fashion, while auditory representations are rather per-
ceived linearly. These differences suggest that there is
a need for specialized approaches for evaluating these
modalities with questionnaires.

In sonification, there are a variety of relevant aspects
that would be of interest for evaluation, such as data
to sound mappings strategies, comprehension, and aes-
thetic aspects, and questionnaires can be an effective
way to address these [46]. However, there are very few
sonification only questionnaires proposed. The Auditory
Interface User Experience test (the BUZZ) is one example
of this [47]. The BUZZ consists of eleven items, divided
into sections about perception and content interpreta-
tion, feedback onmeaning and interpretation, enjoyment,
and comprehension of the auditory mappings. This ques-
tionnaire was inspired by the evaluation of peripheral
displays, particularly on perception and content interpre-
tation [48]. However, few studies have used the BUZZ
questionnaire, and the BUZZ has not yet been standard-
ized and validated on a large scale.

It might not be feasible to cover all dimensions of us-
ability of interest in one questionnaire [10], however,
we nevertheless argue that there is a need for new stan-
dardized questionnaires for audio-visual data analysis,
considering both visualization and sonification, as well as
interaction and aesthetics. We believe that a combination
of questions and statements from some of the above-
mentioned questionnaires together with new needed
ones, could provide a good and relevant basis for eval-
uating audio-visual representations. Thus, the existing
questionnaires need to be carefully investigated in terms
of coverage of important aspects and the need for new
questions/statements. This work, exploring the most suit-
able combinations, would not only lead to useful tools for
evaluation, but also provide interesting research into vi-
sualization, sonification, and interaction while exploring
and developing a new questionnaire considering reliabil-
ity, validity, and sensitivity [34, 49].

3.2. Assessing aesthetics in audio-visual
representations

In this position paper, wewould like to bring forward that
aesthetics is an important, but rather often disregarded,
aspect to evaluate in both visualization and sonification.
An aesthetically pleasing visualization, or a visually ap-
pealing representation is perceived in a better way for a
user, it tells a story better, and communicate information
better than an poorly designed representation (see for
example discussions in [50, 51, 52, 53]). The aesthetics of
audio-visual representations, and the perception and ap-
preciation of this, can be considered as part of the aspect



of satisfaction in the ISO9241-11 definition of usability.
However, we believe that aesthetics of an audio-visual
representation should be assessed in more depth than
the current standardized questionnaires allow for.

As the purpose of visualization is to support a user in
analyzing and communicating data, the aesthetics [54]
and the design of visualization [55] should be assessed
when evaluating [56, 57]. Aesthetics might be especially
important to assess in sonification [58, 59, 60]. If sonifi-
cation is perceived as unpleasant, a user will not listen to
or use sonification regardless of how well it represents
the data [59]. Therefore, a listener’s experience of pleas-
antness and enjoyment, the aesthetics of the sonification,
should be considered when designing sonification [60].
It seems plausible to assume a similar aspect of visual-
ization. In sonification, there seems to be two directions
for design, either with a more artistic approach or with
a data empirical approach [58], and there seems to be a
trade-off between these directions where an increase in
perceived pleasantness tends to decrease data represen-
tation accuracy (see for example discussion in [61]. It
could be possible that a similar trade-off between visual
pleasantness and precision exists also for visualization.

The Desire for Aesthetics Scale (DFAS) [62] explores
how important aesthetics are to a user, which could be
relevant to explore for audio-visual representations, and
the Centrality of Visual Product Aesthetics (CVPA) [63]
is a scale measuring the level of importance that visual
aesthetics hold for a particular consumer in the relation-
ship with products. Both these measures could answer
if the user experiences a need for an aesthetic design
for an audio-visual representation, for a given task in a
given situation. Such an insight would guide researchers
towards understanding the need for further evaluation
including aesthetic measures.

Aesthetic perception and judgement involve feelings,
and not only cognitive processes. The Aesthetic Emo-
tions Scale (AESTHEMOS) [64] are a measure of aes-
thetic emotion in domains such as painting, literature,
music, and design, and could provide new insights into
audio-visual representations. This measure covers a vari-
ety of measurement such as aesthetic emotions (e.g., the
feeling of beauty and fascination), epistemic emotions
(e.g., interest and insight), and emotions indicative of
amusement (humor and joy). The Aesthetic Experience
Questionnaire (AEQ) [65], consists of four artistically
related dimensions (i.e., perceptual, emotional, cultural,
understanding) and two flow dimensions (i.e., proximal
conditions, experience). The scale of affect [66] is a sub-
jective rating scale based on the circumplex model of
affect [67] and can be used to assess emotional quali-
ties in, for example, sonification [61]. Finally, the BUZZ
questionnaire also has some statements considering aes-
thetic aspects of the auditory display, i.e., ranking of the
perceived pleasantness of the sonification.

4. Towards a research agenda
Even if we have presented a variety of measures that
are often used to evaluate both visualization and soni-
fication, we nevertheless argue that these measures are
not enough. Many of the older questionnaires contains
questions or statements that might not be relevant for a
modern visualization, sonification, or audio-visual ana-
lytics tool, such as “I think I would need the support of a
technical person to be able to use this system” in the SUS
or “How physically demanding was the task” in the NASA
TLX. Furthermore, there are aspects in visualization and
sonification that are not addressed in some of these stan-
dardized measures, such as appreciation of the visual
or sound design, how well the visualization or sonifica-
tion represents the data, or understanding of visual or
auditory metaphors, to mention a few.

We argue that there is a need for a systematic approach
that includes the community for suggesting new mea-
sures that assess the usability of audio-visual represen-
tations. This systematic approach should review exist-
ing questionnaires for finding the most appropriate and
important questions and statements, and for this, the in-
volvement of the community is essential. Such a review
should be the basis for decisions on what is useful in ex-
isting questionnaires, and what is missing and should be
included. Based on this, a new questionnaire can be pro-
posed consisting of sections that address visualization,
sonification, and interaction, as well as the combined
audio-visual representation. This questionnaire must
be fully evaluated, validated, and used, for being useful
when assessing usability in audio-visual representations.

5. Concluding remarks
In this position paper we bring forward the need for
a standardized approach for evaluation in audio-visual
analytics and the need for a set of standardized question-
naires that can be used to evaluate the modalities individ-
ually as well as in combination. The long-term objective
of our proposed work in this area is an established set of
standardized questionnaires providing evaluators with
recognized and valuable tools for conducting evaluation
in their research work. It would also support reviewers
and other researchers, and help them feel confident when
judging outcomes of work presenting evaluation studies.

With this position paper we aim to encourage and
inspire the audio-visual analytics community to engage
in this proposed work and to take part in the research and
development process needed to create these standardized
questionnaires. To present and discuss the need of this
work and the efforts and process it will require at the
WAVA22 (AVI 2022Workshop on Audio-Visual Analytics)
would be an excellent starting point.



References
[1] C. Forsell, M. Cooper, Questionnaires for evaluation

in information visualization, in: Proceedings of the
2012 BELIV Workshop: Beyond Time and Errors-
Novel Evaluation Methods for Visualization, 2012,
pp. 1–3.

[2] G. Grinstein, A. Kobsa, C. Plaisant, B. Shneiderman,
J. T. Stasko, Which comes first, usability or utility?,
in: Visualization Conference, IEEE, IEEE Computer
Society, 2003, pp. 112–112.

[3] D. A. Keim, F. Mansmann, J. Schneidewind,
H. Ziegler, Challenges in visual data analysis, in:
Tenth International Conference on Information Vi-
sualisation (IV’06), IEEE, 2006, pp. 9–16.

[4] D. Ceneda, T. Gschwandtner, S. Miksch, A review of
guidance approaches in visual data analysis: A mul-
tifocal perspective, in: Computer Graphics Forum,
volume 38, 2019, pp. 861–879.

[5] A. Hunt, T. Hermann, The importance of inter-
action in sonification, in: Proc. of the 10th Meet-
ing of the International Conference on Auditory
Display (ICAD 2004), Sydney, Australia, 2004, pp.
ICAD04–1–ICAD04–8.

[6] T. Hermann, A. Hunt, The discipline of interac-
tive sonification, in: Proc. of the Int. Workshop
on Interactive Sonification Workshop (ISON-2004),
Bielefeld University, Germany, 2004, pp. 1–9.

[7] J.-D. Fekete, J. Freire, Exploring reproducibility in
visualization, IEEE Computer Graphics and Appli-
cations 40 (2020) 108–119.

[8] ISO 9241-11:2018(en), Ergonomics of human-
system interaction — Part 11: Usability: Definitions
and concepts, Standard, International Organization
for Standardization, Geneva, CH, 2018.

[9] J. Nielsen, Usability engineering, Morgan Kauf-
mann, 1994.

[10] K. Hornbæk, Current practice in measuring usabil-
ity: Challenges to usability studies and research,
International journal of human-computer studies
64 (2006) 79–102.

[11] R. Conti, Time flies: Investigating the connection
between intrinsic motivation and the experience of
time, Journal of Personality 69 (2001) 1–26.

[12] A. Chastona, A. Kingstone, Time estimation: The
effect of cortically mediated attention, Brain and
Cognition 55 (2004) 286–289.

[13] A. M. Sackett, T. Meyvis, L. D. Nelson, B. A. Con-
verse, A. L. Sackett, You’re having fun when
time flies: The hedonic consequences of subjective
time progression, Psychological Science 21 (2010)
111–117.

[14] E. Frøkjær, M. Hertzum, K. Hornbæk, Measuring us-
ability: are effectiveness, efficiency, and satisfaction
really correlated?, in: Proceedings of the SIGCHI

conference on Human Factors in Computing Sys-
tems, 2000, pp. 345–352.

[15] R. Spence, Information Visualization: An Introduc-
tion, 3rd ed., Springer Publishing Company, Incor-
porated, 2014.

[16] J. Hullman, The purpose of visualization is
insight, not pictures: An interview with vi-
sualization pioneer Ben Shneiderman, 2019.
https://medium.com/multiple-views-visualization-
research-explained/the-purpose-of-visualization-
is-insight-not-pictures-an-interview-with-
visualization-pioneer-ben-beb15b2d8e9b . Access
date: 2022-03-11.

[17] G. Kramer, B. Walker, T. Bonebright, P. Cook, J. H.
Flowers, N. Miner, J. Neuhoff, Sonification report:
Status of the field and research agenda, Faculty
Publications, Department of Psychology 444 (2010)
1–29.

[18] N. Sawe, C. Chafe, J. Treviño, Using data sonifica-
tion to overcome science literacy, numeracy, and
visualization barriers in science communication,
Frontiers in Communication 5 (2020) 46.

[19] P. Vickers, Sonification and music, music and sonifi-
cation, in: The Routledge Companion to Sounding
Art, Taylor & Francis, New York, NY, USA, 2016, pp.
135–144.

[20] P. Vickers, B. Hogg, Sonification abstraite/sonifi-
cation concrète: An ’æsthetic perspective space’
for classifying auditory displays in the ars musica
domain, in: Proc. 12th International Conference on
Auditory Display (ICAD2006), Georgia Institute of
Technology, London, UK, 2006, pp. 210–216.

[21] S. Gresham-Lancaster, Relationships of sonification
to music and sound art, AI & Society 27 (2012)
207–212.

[22] F. Grond, T. Hermann, Interactive sonification for
data exploration: How listening modes and dis-
play purposes define design guidelines, Organised
Sound 19 (2014) 41.

[23] A. Rind, M. Iber, W. Aigner, Bridging the gap be-
tween sonification and visualization, in: Proc. Mul-
timodalVis’18 Workshop at AVI 2018, 2018, pp. 1–4.

[24] J. Löwgren, The use qualities of digital designs,
Retrieved March 20 (2002) 2018.

[25] M. Chen, L. Floridi, R. Borgo, What is visualiza-
tion really for?, in: The Philosophy of Information
Quality, Springer, 2014, pp. 75–93.

[26] M. Lalmas, H. O’Brien, E. Yom-Tov, Measuring user
engagement, Synthesis lectures on information
concepts, retrieval, and services 6 (2014) 1–132.

[27] H. L. O’Brien, E. G. Toms, The development and
evaluation of a survey to measure user engagement,
Journal of the American Society for Information
Science and Technology 61 (2010) 50–69.

[28] J. Sauro, J. R. Lewis, Chapter 8 - standardized



usability questionnaires, in: J. Sauro, J. R.
Lewis (Eds.), Quantifying the User Experience
(Second Edition), second edition ed., Morgan
Kaufmann, Boston, 2016, pp. 185–248. URL:
https://www.sciencedirect.com/science/article/pii/
B9780128023082000084. doi:https://doi.org/10.
1016/B978-0-12-802308-2.00008-4.

[29] A. Assila, H. Ezzedine, et al., Standardized usability
questionnaires: Features and quality focus, Elec-
tronic Journal of Computer Science and Information
Technology 6 (2016).

[30] J. Brooke, Sus: a “quick and dirty’usability, Usability
evaluation in industry 189 (1996).

[31] J. P. Chin, V. A. Diehl, K. L. Norman, Development
of an instrument measuring user satisfaction of the
human-computer interface, in: Proceedings of the
SIGCHI conference on Human factors in computing
systems, 1988, pp. 213–218.

[32] J. Kirakowski, M. Corbett, M. Sumi, The software
usability measurement inventory, Br J Educ Tech-
nol 24 (1993) 210–2.

[33] S. G. Hart, L. E. Staveland, Development of nasa-tlx
(task load index): Results of empirical and theo-
retical research, in: Advances in psychology, vol-
ume 52, Elsevier, 1988, pp. 139–183.

[34] J. R. Lewis, Ibm computer usability satisfaction
questionnaires: psychometric evaluation and in-
structions for use, International Journal of Human-
Computer Interaction 7 (1995) 57–78.

[35] K. Finstad, The usability metric for user experience,
Interacting with Computers 22 (2010) 323–327.

[36] J. R. Lewis, B. S. Utesch, D. E. Maher, Umux-lite:
when there’s no time for the sus, in: Proceedings
of the SIGCHI Conference on Human Factors in
Computing Systems, 2013, pp. 2099–2102.

[37] M. Minge, M. Thüring, I. Wagner, Developing and
validating an english version of the mecue question-
naire for measuring user experience, in: Proceed-
ings of the Human Factors and Ergonomics Society
Annual Meeting, volume 60, SAGE Publications
Sage CA: Los Angeles, CA, 2016, pp. 2063–2067.

[38] M. Minge, M. Thüring, The mecue questionnaire
(2.0): Meeting five basic requirements for lean and
standardized ux assessment, in: International Con-
ference of Design, User Experience, and Usability,
Springer, 2018, pp. 451–469.

[39] M. Thüring, S. Mahlke, Usability, aesthetics and
emotions in human–technology interaction, Inter-
national journal of psychology 42 (2007) 253–264.

[40] J. M. Rigby, D. P. Brumby, S. J. Gould, A. L. Cox,
Development of a questionnaire to measure immer-
sion in video media: The film ieq, in: Proceedings
of the 2019 ACM International Conference on Inter-
active Experiences for TV and Online Video, 2019,
pp. 35–46.

[41] J. H. Brockmyer, C. M. Fox, K. A. Curtiss, E. McB-
room, K. M. Burkhart, J. N. Pidruzny, The devel-
opment of the game engagement questionnaire:
A measure of engagement in video game-playing,
Journal of experimental social psychology 45 (2009)
624–634.

[42] E. N. Wiebe, A. Lamb, M. Hardy, D. Sharek, Mea-
suring engagement in video game-based environ-
ments: Investigation of the user engagement scale,
Computers in Human Behavior 32 (2014) 123–132.

[43] H. L. O’Brien, P. Cairns, M. Hall, A practical ap-
proach to measuring user engagement with the re-
fined user engagement scale (ues) and new ues short
form, International Journal of Human-Computer
Studies 112 (2018) 28–39.

[44] J. Stasko, Evaluating information visualizations:
Issues and opportunities (position statement), Proc.
BELIV 6 (2006) 5–7.

[45] G. I. Mihalas, M. Andor, A. Tudor, S. Paralescu, Can
sonification become a useful tool for medical data
representation?, in: MEDINFO 2017: Precision
Healthcare through Informatics, IOS Press, 2017,
pp. 526–530.

[46] T. L. Bonebright, J. H. Flowers, Evaluation of audi-
tory display, in: T. Hermann, A. Hunt, J. G. Neuhoff
(Eds.), The sonification handbook, Logos Publishing
House, Berlin, Germany, 2011, pp. 111–144.

[47] B. J. Tomlinson, B. E. Noah, B. N. Walker, Buzz:
An auditory interface user experience scale, in:
Extended Abstracts of the 2018 CHI Conference
on Human Factors in Computing Systems, ACM,
Montréal, Canada, 2018, pp. 1–6.

[48] T. Matthews, T. Rattenbury, S. Carter, Defining,
designing, and evaluating peripheral displays: An
analysis using activity theory, Human–Computer
Interaction 22 (2007) 221–261.

[49] J. C. Nunally, I. H. Bernstein, Psychometric theory,
1978.

[50] M. Xyntarakis, C. Antoniou, Data science and data
visualization, in: Mobility Patterns, Big Data and
Transport Analytics, Elsevier, 2019, pp. 107–144.

[51] A. Quispel, A. Maes, J. Schilperoord, Aesthetics and
clarity in information visualization: The designer’s
perspective, in: Arts, volume 7, Multidisciplinary
Digital Publishing Institute, 2018, p. 72.

[52] J. Steele, N. Iliinsky, Beautiful visualization: Look-
ing at data through the eyes of experts, ” O’Reilly
Media, Inc.”, 2010.

[53] A. B. Howard, The art and science of data-driven
journalism (2014).

[54] A. Lau, A. V. Moere, Towards a model of infor-
mation aesthetics in information visualization, in:
2007 11th International Conference Information Vi-
sualization (IV’07), IEEE, 2007, pp. 87–92.

[55] A. V. Moere, H. Purchase, On the role of design in

https://www.sciencedirect.com/science/article/pii/B9780128023082000084
https://www.sciencedirect.com/science/article/pii/B9780128023082000084
http://dx.doi.org/https://doi.org/10.1016/B978-0-12-802308-2.00008-4
http://dx.doi.org/https://doi.org/10.1016/B978-0-12-802308-2.00008-4


information visualization, Information Visualiza-
tion 10 (2011) 356–371.

[56] N. Cawthon, A. V. Moere, The effect of aesthetic
on the usability of data visualization, in: 2007 11th
International Conference Information Visualization
(IV’07), IEEE, 2007, pp. 637–648.

[57] M. Burch, W. Huang, M. Wakefield, H. C. Purchase,
D.Weiskopf, J. Hua, The state of the art in empirical
user evaluation of graph visualizations, IEEEAccess
9 (2020) 4173–4198.

[58] J. G. Neuhoff, Is sonification doomed to fail?, in:
Proc. 25th International Conference on Auditory
Display (ICAD2019), Georgia Institute of Technol-
ogy, Newcastle upon Tyne, UK, 2019, pp. 327–330.

[59] G. Lemaitre, O. Houix, P. Susini, Y. Visell, K. Frani-
nović, Feelings elicited by auditory feedback from
a computationally augmented artifact: The flops,
IEEE Transactions on Affective Computing 3 (2012)
335–348.

[60] Y. Nakayama, Y. Takano, M. Matsubara, K. Suzuki,
H. Terasawa, The sound of smile: Auditory biofeed-
back of facial emg activity, Displays 47 (2017) 32–39.

[61] N. Rönnberg, Sonification for conveying data and
emotion, in: Audio Mostly 2021, 2021, pp. 56–63.

[62] D. E. Lundy, M. B. Schenkel, T. N. Akrie, A. M.
Walker, How important is beauty to you? the devel-
opment of the desire for aesthetics scale, Empirical
Studies of the Arts 28 (2010) 73–92.

[63] P. H. Bloch, F. F. Brunel, T. J. Arnold, Individual
differences in the centrality of visual product aes-
thetics: Concept and measurement, Journal of con-
sumer research 29 (2003) 551–565.

[64] I. Schindler, G. Hosoya, W. Menninghaus, U. Beer-
mann, V. Wagner, M. Eid, K. R. Scherer, Measuring
aesthetic emotions: A review of the literature and a
new assessment tool, PloS one 12 (2017) e0178899.

[65] D. L. Wanzer, K. P. Finley, S. Zarian, N. Cortez, Ex-
periencing flow while viewing art: Development of
the aesthetic experience questionnaire., Psychology
of Aesthetics, Creativity, and the Arts 14 (2020) 113.

[66] L. Feldman Barrett, J. A. Russell, Independence and
bipolarity in the structure of current affect., Journal
of Personality and Social Psychology 74 (1998) 967.

[67] J. A. Russell, A circumplex model of affect, Journal
of Personality and Social Psychology 39 (1980) 1161.


	1 Introduction
	2 Measuring usability
	3 Questionnaires for assessing usability
	3.1 Questionnaires for visualization and sonification
	3.2 Assessing aesthetics in audio-visual representations

	4 Towards a research agenda
	5 Concluding remarks

