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Abstract Each software context has its specificities. One specfic type of context is the multi-touch, where two or
more touches are recognized by the software at the same time. Still in this context, User eXperience (UX) and
Usability are relevant criteria related to multi-touch systems quality, and evaluation technologies are used to assess
this quality. But which are these technologies? This is the central question that the Systematic Mapping Study
(SMS) seeks to answer. Besides this question, another 18 sub-questions were addressed to find out more about the
peculiarities of the technologies and how they can affect the state of the art of evaluating multi-touch systems. This
SMS returned 622 papers, which were analyzed using two filters. Finally, 65 papers had their data extracted through
the 18 sub-questions. These extractions raised information such as the software used, data collection methods, and
aspects evaluated by the technologies. Through these data, we noticed an absence of technologies explicitly built
for the multi-touch context. Other gaps were also perceived, such as the need for technologies that jointly assess
quantitative and qualitative data; and technologies that focus on jointly evaluating Usability and UX. Perceiving the
lack of synthesized content and characteristics about the questionnaires, we also performed a benchmark over the
questionnaires identified in the SMS to serve as a future guide when applicators must choose the better technology

for their context.
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1 Introduction

The interaction with electronic devices has been changing
since its emergence. An intuitive way to interact with these
devices (e.g., smartphones, tablets, tabletop) is the direct
manipulation (Shneiderman, 1981). In 1983, Shneiderman
(Shneiderman, 1981) first introduced the term direct manip-
ulation to describe the idea of interaction with the Graphical
User Interface (GUI) using a pointer through a mouse. To-
day, with the invention of the touch screen, we can just put
our hands on the screen to interact with it (Damaraju et al.,
2013). On these screens, a significant part of the interaction
can be classified as multi-touch, where more than one touch
is recognized simultaneously in the system. Like any device,
corrections and improvements in multi-touch systems must
be made over time to evolve and make better use of them.

In this way, Usability and User eXperience (UX) evalua-
tions help control and verify the quality of the software be-
ing developed and used. Usability is described as “’the de-
gree to which a product or system can be used by speci-
fied users to achieve specified goals with effectiveness, ef-
ficiency, and satisfaction in a specified context of use” ac-
cording to the ISO/IEC 25010 (2011). Therefore, Usability
evaluation helps to improve software quality by assessing
aspects that determine how the user will perceive the inter-
action. On the other hand, UX is defined by ISO 9241-210
(2019) as the "perceptions and responses of the person that re-
sult from the use and/or early use of a product, system or ser-
vice”. In this way, UX is about the users’ feelings, emotions,
and judgments when using a system (Hassenzahl and Tractin-
sky, 2006). Also is said by Hassenzahl and Tractinsky (2006)
that: “UX in the sense of a positive HCI would, thus, focus

on how to create outstanding quality experiences rather than
merely preventing usability problems”. This definition infers
that UX is something beyond Usability because it aims to
provide ”quality experiences”, while Usability aims to solve
behavioral problems of the system. Therefore, the concept of
UX evaluation used in our paper is the evaluation of the ex-
periences, emotions and feelings linked directly to the users.

Usability and UX evaluation perform an important role in
understanding how to improve user interaction with any sys-
tem, including multi-touch systems. Therefore, our goal is to
identify the technologies used to evaluate Usability and UX
in multi-touch systems. The research question that guided
this process was ”What technologies are used to evaluate the
Usability and UX of software that uses multi-touch-based
interaction?”. It is important to emphasize that the concept
of technology used in this study is the one used by Santos
et al. (2012), which defined “technology” as a generalization
for metrics, tools, methodologies, techniques, among others.
For this identification, we conducted a Systematic Mapping
Study (SMS), which aims to characterize the state of the
art of a given topic. To this end, our SMS also extracted
data about multi-touch software function, quality criteria, as-
pects of Usability and UX, number of fingers used to interact
with the multi-touch application, and data collection meth-
ods, among others.

This SMS was based on Kitchenham and Charters (2007)
protocol and comprehend search string, goals, data extrac-
tion strategy, research questions, inclusion and exclusion cri-
teria, and data analysis. We filtered returned publications and
extracted data from 65 papers following this protocol, iden-
tifying 29 different technologies. The discoveries after anal-
ysis show that most of the technologies do not evaluate Us-
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ability and UX together. The analysis also reveals that most
of the technologies are generic, not taking into account the
specificities of the multi-touch context. Finally, our results
demonstrate that most of these technologies are created for
the study and not based on existing ones, showing a lack of
standardization among the technologies used.

We perceived a significant difficulty finding synthesized
information about the content and characteristics of question-
naires that evaluate usability and UX in the multi-touch con-
text. This difficulty may also exist for other researchers and
interested parties. Therefore, we performed a benchmark of
the main usability and UX evaluation questionnaires. These
questionnaires are generic, that is, are used to evaluate any
kind of system. However, in the papers found in our SMS, we
identified the use of these questionnaires in the multi-touch
context. Thus, we analyzed characteristics of these question-
naires, like the number of questions, criteria, scales, if use
questions for each aspect, data collection method, aspects
evaluated and if they have an automated version. We hope
that this synthesis and analysis can facilitate the process of
choosing the most appropriate assessment technology for the
context of future research.

This paper is organized as follows: Section 2 presents this
research background; Section 3 shows the structure of our
SMS; Section 4 presents the SMS results; Section 5 shows
the benchmark realised; Section 6 shows the discussion of
results; Section 7 presents the threats to validity; Section 8
presents conclusions and future work.

2 Background

2.1 Natural user interfaces

Natural User Interfaces (NUI) was popularized in 2006
due to a conference where Jefferson Hen presented the re-
sults of his research on multi-touch interfaces. However,
research covering this topic has been conducted since the
1990s (Glonek and Pietruszka, 2012). NUIs feature interac-
tive technologies that help communicate with operating sys-
tems (Wigdor and Wixon, 2011). The natural property does
not refer to the interface but to how users interact and their
feelings throughout the experience. According to Wigdor
and Wixon (2011), a natural user interface with good design
should be developed to be perceived as an extension of the
user’s senses.

Among the ways of interaction that this type of interface
can benefit from, Vetere et al. (2014) and Fernandez et al.
(2016) highlight gestures, look, voice and multi-touch. Ges-
tures are body movements that can be detected by systems
for the desired interaction. Its popularization was marked by
the launch of devices such as Kinect!, being mainly used
for 3D games and manipulation. Eye-based systems are rep-
resented by Eye Trackers technologies, where eye tracking
occurs to perform interactions. Technologies like these have
been used in cases of people with varying levels of paralysis,
like Stephen Hawking. Voice-based interaction has become

Uhttps://docs.microsoft.com/pt-br/windows/apps/design/devices/kinect-
for-windows
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popular through voice assistants and devices such as Alexa?,
which can do various tasks, from creating a shopping list, to
controlling a smart home.

Multi-touch is one of the most common forms of NUISs,
being present in most smartphones today. There are several
examples of routine uses, such as the pinch gesture when ap-
plying zoom in map applications or the use of 2 or more fin-
gers in mobile games. This study area also arouses the inter-
est of HCI and Software Engineering (SE) researchers. Sev-
eral studies explore the implementation of multi-touch inter-
faces when targeted at different specific groups, such as chil-
dren (Zaharias et al., 2013), drivers (Pfeiffer et al., 2010), stu-
dents (Fuetal., 2010), editors (Damaraju etal., 2013), among
others. Besides, it is interesting to notice that the industry
of smartphones, the primary representative devices of multi-
touch interaction, has been growing in the last few years. It is
estimated that this movement should reach US$ 493.13 bil-
lion in 2026, according to data from Market Data Forecast
(2022).

2.2 Related Work

Some secondary studies approach Usability and UX evalu-
ation about touch interface. For example, Fleh et al. (2018)
performed an SMS on touch classification of social touch ges-
ture recognition. From the 938 papers returned, after three
filters, 49 were extracted. This study had four main ques-
tions regarding methods and algorithms identification, main
factors that affect the study results, sensors and interfaces
used, and improvement of research results. In their search
string, terms such as accuracy, performance, and efficiency
were used, which are known to be Usability aspects. Many
facets were used to create a filter distribution of the papers,
including classification methods, research type, touch sur-
face, touch recognition, and sensor type. The results obtained
through the touch surface show that the most used touch type
is the mannequin arm, while the touch recognition of facet
explains the gesture recognition that most studies use.

In Dodd et al. (2017), a Systematic Literature Review
(SLR) was made to understand state of the art about the
development of interfaces specified for elderly users. The
UX concern about this specific group is expressed through
the study’s central questions, which treat challenges experi-
enced by elderly users while using an interface and the re-
spective solutions for these challenges. Aspects such as intu-
itiveness and attention are addressed. Intuitiveness is one of
the aspects considered UX by some researchers (Schiirmann
etal., 2015) and Usability by others (Liang et al., 2011). This
study shows that every paper analyzed brings a proposed so-
lution for the challenges addressed. Thus, the authors map
and group the solutions for each challenge encountered.

Some secondary studies were also identified when we
searched for a specific context of multi-touch systems. In
Nayebi et al. (2012), the authors have examined several stud-
ies to identify the main Usability challenges in the mobile
context. In their research was observed in the literature that
the questionnaires and methods made for mobile Usability as-
sessment and measurement do not take into consideration the

Zhttps://developer.amazon.com/pt-BR/alexa
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user interface features provided by the current mobile operat-
ing systems that are gaining popularity, being one of them the
multi-touch gestures, such as tap, flick, and pinch. Part of the
results shows that there is no scientific research focusing on
the newest requirements of the mobile user interfaces. Also,
a need to develop a questionnaire as a field study methodol-
ogy is evidenced in considering new mobile operating system
needs.

Guerino and Valentim (2020) performed an SMS to iden-
tify Usability and UX evaluation technologies used by re-
searchers and developers in software with Natural User In-
terfaces. The study’s central question sought to identify what
technologies are used to evaluate the Usability and UX of
software with NUI. The search was performed in Scopus,
IEEExplore, ACM Digital Library, and Engineering Village.
Their findings showed that 14 of the 119 found technolo-
gies evaluated the Usability and/or UX of software that used
multi-touch-based interfaces. This represents 11.76% of the
found technologies. Besides, none of these 14 technologies
are specific for the multi-touch context.

Some works evaluated Usability and UX, while others
challenge multi-touch interfaces, and others both. However,
none of them deals with the specifics of Usability and UX in
the multi-touch context, a gap that our work intends to fill
with the SMS shown in the sequential section.

3 SMS Structure

Seeking to build a path based on evidence, the methodol-
ogy that most represents the research proposal is presented
by Mafra and Travassos (2006). This methodology allows
the use and synthesis of knowledge from primary and sec-
ondary studies. Primary studies serve to directly test hypothe-
ses, while secondary studies help in a better understanding of

Figure 1. Interaction types used in NUIs: (a) Gaze. (b) Voice. (c) Multi-touch. (d) Gestures.

a particular area of research. The study by Mafra and Travas-
so0s (2006) is a study that expands the methodology proposed
by Shull et al. (2001), which exposes feasibility, observation,
and case studies to evaluate technology from its proposal to
its transfer to industry. This expansion occurs by demonstrat-
ing the advantages of conducting a secondary study before
the primary studies. These advantages can be summarized
by knowing the area in focus better and having more infor-
mation about the proposition itself.

SMS is a kind of secondary study where the goal is to
define the state of the art of a determined research topic
(Kitchenham and Charters, 2007). Our choice to perform
an SMS was based on the reliability and organization of
the information collected and synthesized by this method,
which can be used in the future to carry out other SMS and
SLR. Our SMS followed the guidelines proposed by Kitchen-
ham and Charters (2007), where the process is divided into
three phases: planning, execution, and reporting. The plan-
ning phase defines a mapping protocol, research questions,
reliable sources to find the data, a search string, and inclu-
sion/exclusion criteria. The execution phase encompasses
performing searches on data sources chosen previously and
filtering the papers found through two filters. From this se-
lection, the filtered papers have their data extracted and ana-
lyzed. Finally, in reporting, results are organized and shared.

3.1 Phase 1: Planning
3.1.1 Goal
The SMS goal was based on Goal-Question-Metric (GQM)

(Basili and Rombach, 1988) paradigm and is described in Ta-
ble 1.
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Table 1. SMS goal.

Analyze scientific publications

For the purpose to categorize

of

With respect to technologies that evaluate the Usabil-
ity and/or UX of software that use
multi-touch-based interaction

From the point of Human-Computer Interaction (HCI)

view of researchers

In context publications available from ACM,

Engineering Village and SCOPUS

3.1.2 Research Questions.

The main question of our SMS is "What technologies are
used to evaluate the Usability and UX of software that
uses multi-touch-based interaction?”. Of this question we un-
folded 3 other main questions, that are Q1, Q2 and Q3. San-
tos et al. (2012) defined “technology” as a generalization
for metrics, tools, methodologies, and techniques. Others 18
sub-questions (SQs) were defined. These SQs address topics
about the multi-touch systems evaluated in the papers, spe-
cific technical features of the evaluation technologies, and
empirical evaluations. These SQs are present in Tables 2 and
3.

3.1.3 Data Sources.

We choose the data sources ACM Digital Library’, Engineer-
ing Village* and Scopus® because they: (i) return a relevant
number of papers; (ii) allow the exact search string to be used;
(iii) provide an efficient search engine, and (iv) are sources
known to contain relevant papers in the area of HCI.

3.1.4 Search String.

The PICOC criterion (Population, Intervention, Comparison,
Outcome, and Context) (Kitchenham and Charters, 2007)
was applied to obtain the keywords that would be used in
the search string. This search string was used to perform the
search through the full papers. In our SMS, keywords for
Context and Comparison were not used in the string since
the goal of SMS was not to compare evaluation technologies
but to characterize them. Therefore, PICOC was defined as
follows:

* (P)opulation: multi-touch based interaction systems;

* (Dntervention: technologies that evaluate Usability
and/or UX used in the software development process
that uses multi-touch-based interaction;

* (C)omparison: not applicable;

* (O)utcome: evaluation of the Usability and/or UX of the
multi-touch interaction system;

* (C)ontext: not applicable;

Table 4 shows the English terms that compose the search
string, which was divided from the definition of population,
intervention, and outcome of the PICOC criterion.

3https://dl.acm.org/
“https://www.engineeringvillage.com/home.url
Shttps://www.scopus.com/search/form.uri?display=basic
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3.1.5 Inclusion Criteria

+ IC1. Publications that present technologies that evalu-
ate Usability and/or UX in the software development
process that uses multi-touch interaction;

 IC2. Publications that describe experimental studies of
technologies used to evaluate Usability and/or UX in
the development process that uses multi-touch based in-
teraction;

3.1.6 Exclusion Criteria

e ECI. Publications that do not meet the above criteria;

« EC2. Publications that do not have content available for
reading and data analysis were not selected (especially
in cases where studies are paid for or not made available
by search engines);

» EC3. Publications that have a language other than En-
glish and Portuguese were not selected;

« EC4. Publications that are part of the gray literature,
such as technical reports and work in progress, were not
selected;

* ECS. Publications that have already been included in
another search engine (duplicates) were not selected.

3.2 Execution
3.2.1 Publication Selection.

We searched data sources to identify the publications in July
2021. Three researchers carried out the selection and extrac-
tion of data shown in our SMS. Kitchenham and Charters
(2007) declare that the use of two or more researchers to
reduce bias and maintain research consistency is essential.
In the first filter, the first researcher evaluated all papers re-
turned based on title and abstract and set a classification of
excluded or included based on exclusion and inclusion crite-
ria. Then, the second and third researchers performed the first
filter separately. If differences were found in exclusion or in-
clusion decisions, researchers discussed resolving them. The
paper was accepted for a more detailed reading if researchers
did not reach a conclusion based on the title and abstract. For
a paper rejection, a justification was always necessary.

In the 2nd and last filter, the first researcher read and clas-
sified all papers approved in the first filter and extracted data.
Then, the second and third researchers verified the excluded
papers and justifications and the included papers and their
extractions. Then, from the same inclusion and exclusion cri-
teria, researchers selected the papers to extract the data. Like-
wise, if the paper was excluded, a plausible justification was
presented. To perform a collaborative SMS, the tool Porifera
was used (Campos et al., 2022). The Fleiss Kappa for the first
review among the researchers was of 0.6683, and in the sec-
ond review the values were 0.6993. In both filters, the values
are considered good, according to Altman (1990).

Table 5 shows that 622 papers were returned after applying
the search string in the mentioned data sources. From the first
filter, we selected 155 papers. In the second filter, we selected
and extracted 65 papers, which can be seen in Tables 6 and
7.
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Table 2. Research sub-questions from SQ1 to SQ12.

Evaluation Technology

Sub-question (SQ)

Possible Answers

SQ1. What is the quality cri-
terion of evaluation technol-
ogy used?

SQ2. What aspects of Usabil-
ity and/or UX does the tech-
nology evaluate?

SQ3. Is the technology spe-
cific to multi-touch systems
or to systems in general?

SQ4. Was the technology
created for the study or is it
based on an existing one?

SQS5. How does evaluation
technology collect data from
participants?

SQ6. What are the character-
istics of evaluation technol-
ogy?

SQ7. Does technology ex-
tract quantitative or qualita-
tive data?

Technology may have the following criteria:

1. Usability: technology aims to evaluate system Usability;
2. User eXperience: technology aims to evaluate system UX
3. Both: technology aims to evaluate both Usability and UX.

Answers of SQ2 are subjective and each author defines what is the aspect cited. Evaluated
aspects of Usability and/or UX can be user satisfaction, effectiveness, immersion, fatigue,
pleasure, among others.

Technology can be:

1. Specific: Usability and/or UX evaluation technology is specific to multi-touch systems;
2. Generic: Usability and/or UX evaluation technology is not restricted to a specific type
of software.

Technology can be:

1. Existing: technology is based on an existing one;
2. Created: technology was created for the study reported in the paper.

Answers to SQ2 are subjective and each paper have their own way to answer this. Its goal is
to verify how users’ responses were captured using the evaluation technology, such as Likert
scale and open-ended questions.

Answers to SQ6 are subjective and differ from paper to paper. SQ6 goal is to extract attributes
of each technology, such as identifying questions used in case of questionnaires of interviews;
identify metrics used in the case of technology-based on error rate; identify calculations per-
formed in the case of a Usability test, among others.

Technology can extract data:

1. Quantitative: if the analysis of evaluation was done quantitatively;
2. Qualitative: if the analysis of evaluation was done qualitatively;
3. Mixed: if the analysis of evaluation was done qualitatively and quantitatively.

Evaluated Multi-Touch System

SQ8. What is the function of
the multi-touch system?

SQ9. Which application cat-
egory does the multi-touch
system?

SQ10. Was the software cre-
ated for a specific group of
people? Which groups?

SQ11. How many fingers
are used to interact with the
multi-touch system?

SQ12. What is the gesture
used in the multi-touch inter-
action?

This answer is subjective and differ from paper to paper. This question could have answers
like navigation, chord reproduction, 3D object manipulation, switch settings, among others.

Answers obtained in SQ9 are subjective and were identified during the papers reading. Exam-
ples of categories are health, education, urban mobility, daily facilities, among others.

Possible answers are:

1. Yes: the system was created to assist a specific group. Examples: blind, elderly, children,
among others;
2. No: the system was not created for a specific group.

This answer could include from 2 to 10 fingers, or could be unidentified, when the exact

number of fingers could not be identified in the study.

This answer varies from paper to paper, and the gestures could be pinch, touch, rotation, among
others.
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Table 3. Research sub-questions from SQ13 to SQ18.
Evaluation Study of Assessment Technology

SQ13. The evaluation
technology was submitted
through an evaluation study?
SQ14. In case of affirmative
answer of SQI13, what was
the type of the study real-
ized?

SQ15. How many partici-
pants were there?

This answer could be answered simply with yes or no.

The answers for this question differ for each paper, and possible answer include feasibility
studies, case studies, observation studies, among others.

This question gathered the number of participants present in each evaluation study.

Evaluation Study of Multi-Touch System

SQ16. The multi-touch ap-
plication passed through an
evaluation study?

SQ17. Experiment descrip-
tion.

SQ18. How many partici-
pants were there?

This question could be answered with yes or no.

This question gathered the summary of the studies presented in each paper.

This question gathered the number of participants in each study that involved the Usability
and/or UX assessment technology.

Table 4. Terms and search string used in SMS.

Population  (“multi-touch interface*” OR “multi-touch recognition” OR “multi-touch-based interaction” OR  AND
“multi-touch interaction” OR “multi-touch application” OR “multi-finger interaction” OR “multi-finger
interface” OR “multi-finger application” OR “multi-finger recognition™)

Intervention  (“tool” OR “framework” OR “technique” OR “method” OR “model” OR “process” OR “guideline” OR  AND
“pattern” OR “metric” OR “approach” OR “inspection” OR “principle” OR “heuristic” OR “method-
ology” OR “mechanism” OR “questionnaire” OR “checklist”)
Outcome (“usability evaluation” OR “usability assessment” OR “ux evaluation” OR “ux assessment” OR “user

experience evaluation” OR “user experience assessment” OR “user-centred evaluation™)

Table 5. Number of papers returned and selected.

Data Source Returned  1st Filter 2nd Filter
ACM Digital Library 185 68 33
Engineering Village 29 18 11
SCOPUS 408 69 21
Total 622 155 65

Some papers appeared more than once in different data
sources. They were considered only in the first data source
returned, according to the search sequence: ACM, Engineer-
ing Village, and SCOPUS, respectively.

3.2.2 Data Extraction.

The extraction of data from our SMS was based on the an-
swers of each SQ. In addition to responses from SQs, we an-
alyzed publications venues (conferences and journals) and
years. The technical report containing extractions, graphics
and other information is available in FigShare.

3.2.3 Data Analysis.

Researchers transcribed all information obtained in extrac-
tions to a document in Microsoft Excel, which helped create
the graphs shown in the findings section.

3.3 Phase 3: Reporting
3.3.1 Publication Years.

Extracted papers were published between the years 2008 and
2021. The first study was registered 14 years ago, with its
peak in 2013. Figure 4 illustrates the temporal view of the
analyzed papers. We believe that the peak noted in 2013 was
due to the popularization of smartphones and the news that
multi-touch technology provided.

3.3.2 Publication Venues

Only papers approved by a peer-review process were se-
lected. A total amount of 25 different conferences were iden-
tified. The conference with most papers analyzed was 4ACM
Conference on Human Factors in Computing Systems (CHI),
with 12 papers. We analyzed publications from 14 different
journals returned in the search, being the International Jour-
nal of Human-Computer Studies the most returned journal,
with four occurrences. The rest of the conferences and jour-
nals is presented on the report.

4 Findings

Our main question, ”What technologies are used to evaluate
the Usability and UX of software that uses multi-touch-based
interaction?” resulted in 29 different technologies found,
with 123 occurrences of their use. They are presented in Fig-
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ure 3, with the number of occurrences of each one of them.
They were selected and classified based on the authors’ de-
scriptions. The most used technology is Usability tests cre-
ated for the studies, with 31 occurrences, followed by ques-
tionnaires created for the studies with 29 occurrences and
SUS with 11 occurrences. A summary of these findings can
be found in Figure 5. Some SQs were not presented in this
table because for having qualitative answers that were too
long.

4.1 SQI1. Quality Criterion

Results of SQ1 indicated that 68.29% (n=84) of technologies
focused their evaluation on the Usability criterion. For exam-
ple, in Giesler et al. Giesler et al. (2014), the authors evalu-
ated the precision, speed, and difficulty of the participants
should interact with 3D objects through their shadows. The
technology used was a questionnaire created for the study,
which contained four questions to be answered by a 5-point
Likert scale ranging from very easy” to ”very hard”.

About 18.7% (n=23) of technologies were used to evalu-
ate the UX of multi-touch systems. In Wang and Lindeman
(2012), a questionnaire created for the study evaluated as-
pects such as fun, motion sickness, and sense of presence.
Besides, 13.01% (n=16) of identified technologies were used
to evaluate both Usability and UX. Jacucci et al. (2010)
used the Measurement, Effects, Conditions Spatial Presence
Questionnaire (MEC-SPQ) Vorderer et al. (2004) technology
to evaluate experience, concentration, errors, active think-
ing, and imagination space. The great amount of Usability
focused-technologies can indicate that the UX is considered
to be less relevant when it comes to evaluate the pragmatic
and hedonic set of aspects from the user point of view. Be-
sides, the lack of a jointly evaluation of this concepts can
indicate that the most possible complete evaluation is not be-
ing done in the majority of the studies.

4.2 SQ2. Usability and/or UX aspects

Results in SQ?2 identified 83 different aspects used to evalua-
te Usability and 76 different aspects to evaluate UX on multi-
touch systems. To reduce researchers’ bias, we classified the
aspects according to the definition and terms provided by the
authors of the papers. We observed that some aspects, e.g.,
efficiency and precision, are considered in some cases as a
Usability aspect and in others as UX.

Regarding Usability aspects, we identified the following
aspects with the respective number of evaluations: perfor-
mance (27), overall usability (22), ease of use (20), efficiency
(13), effectiveness (11), mental demand (9), frustration (8),
effort (8), temporal demand (8), physical demand (8), intu-
itiveness (7), ease of learning (7), speed (5), accuracy (5),
precision (3), understandability (2), utility (2), learneability
(2), familiarity (2), quick to use (2), workload (2), satisfac-
tion (2), help (1), remember (1), zoom level (1), number of
interactions (1), direct (1), laborious (1), useless (1), useful
(1), complicated (1), easy (1), comfort (1), task execution
mode (1), mental effort of transition (1), spatial relationship
(1), smooth transition (1), usage frequency (1), necessity (1),
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user acceptance (1), sense of control (1), control (1), con-
centration (1), goals (1), balance between skill/challenge (1),
imagining space (1), activated thinking (1), error (1), ease of
sorting (1), ease of selection (1), fun to use (1), tangibility (1),
ergonomics (1), reliability of interaction (1), ease of remem-
bering (1), simplicity (1), ease to operate eyes-free (1), ease
to perform (1), error recovery (1), difficulty (1), operation
mental demand (1), learning performance (1), relevance (1),
posture (1), rating of individualization (1), error tolerance (1),
conformity of user expectations (1), number of landings (1),
overall rating (1), separation violation (1), adoption rate (1),
operation smoothness (1), smoothness of transition (1), time
to adapt (1), level of integration (1), force (1), concurrency
(1), density (1), fragmentation (1), manipulation (1), interac-
tion between floating objects (1), finger and wrist fatigue (1).

The most used aspect of Usability was performance, which
was used 27 times. In work presented by Wagner et al. Wag-
ner et al. (2012), the authors calculated performance from
the time spent by participants to try, react and perform bi-
manual tasks on a tablet. Performance probably is the most
used aspect due to its intrinsic value, being an aspect that can
be used to calculate several quantitative characteristics that
provide a good system working overview, and mainly a good
non-subjective point, allowing direct comparisons.

Regarding UX aspects, we identified: General UX (5), at-
traction (4), comfort (3), enjoyment (3), stimulation (3), ten-
sion (2), effort (2), preference (2), novelty (2), identity (2),
hedonic quality (2), pragmatic quality (2), imagining space
(1), presence perception (1), disturbed (1), intuitive control
(1), immersion (1), relatedness (1), autonomy (1), compe-
tence (1), loss of balance (1), after effects (1), fun (1), nau-
sea (1), motion sickness (1), sense of presence (1), unlikable
(1), likeable (1), system composition quality (1), exciting (1),
lame (1), clear (1), confusing (1), bad (1), good (1), safety
(1), perceived competence (1), pressure (1), negative affect
(1), positive affect (1), importance (1), interest (1), concen-
tration (1), ease of use (1), pleasure (1), experience (1), func-
tional disconnection (1), cognitive disconnection (1), percep-
tual disconnection (1), stimuli comfort (1), strength of stim-
uli (1), relevance (1), physical interference (1), collaboration
sense (1), functionality perception (1), functionality flow (1),
participants reaction (1), clarity (1), perspicuity (1), depend-
ability (1), efficiency (1), novelty (1), awareness (1), spatial
presence (1), attention (1), motivation (1), precision (1), real-
ity factors (1), distraction (1), sensitivity (1), control factors
(1), general feeling (1), intuition (1), verbalization (1), mag-
ical experience (1), perceived difficulty (1), fatigue percep-
tion (1).

The most used aspect was the overall UX, where the au-
thors did not define any specific aspect and evaluated UX
in a generalized way. For example, Leftheriotis (2013) used
videos and images to evaluate the user’s overall UX when us-
ing software to increase security while inserting passwords
in public. As the UX can be seen as an hedonic concept, it
seems adequate to ask to the user an general overview about
the feelings produced by the lived experience.
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Technologies Found
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Figure 3. Technologies found in this SMS
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Figure 4. Temporal view of papers analyzed in the SMS.
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4.3 SQa3. Specificity of evaluation technology

About 96.75% (n=119) of technologies returned are not spe-
cific to multi-touch systems. They can evaluate any software
for multi-touch, web systems, and voice interaction, among
others. Uebbing-Rumke et al. (2014) used SUS (Brooke,
1996) to evaluate Usability of a air traffic control simulator.
SUS is an evaluation technology used in different contexts
and contains ten statements about Usability that can be an-
swered by a 5-point Likert scale.

About 3.25% (n=4) of technologies were specific to the
multi-touch context. For example, Ghomi et al. (2013) de-
veloped a questionnaire with specific questions about an ed-
ucational system developed to help students to understand
and manage money, coins, and banknotes. This experiment
lasted three weeks, having collaborative work, and by the end
of the period, the students answered the questionnaire that fo-
cused on motivation. This results show that the necessity to
elaborate a system taking into account the multi-touch con-
text specificities is not perceived by the majority of studies
authors. This lack of specification can lead to not perceive
some main problems intrinsic to the multi-touch context, as
prejudiced UX due to lack of touch precision (Forlines et al.,
2007), lack of mechanical feedback (Buxton et al., 2007) and
lack of gesture standardization (Liang et al., 2011).

4.4 SQA4. Basis of evaluation technology

Results of SQ4 revealed 35.77% (n=44) of technologies used
are based on an existing one. For example, in Watson et al.
(2013), the authors used PENS technology (Ryan et al., 2006)
to evaluate the Usability of a game. PENS assesses compe-
tence, autonomy, relatedness, immersion, and intuitive con-
trol through a 5-point Likert scale.

In contrast, 64.23% (n=79) of technologies was explicitly
created for the study reported in the paper. For example, in
Kim et al. (2012), the authors created a questionnaire to eval-
uate a system developed for photo triaging. This question-
naire contained questions about Usability that were answered
by a 5-point Likert scale. The higher number of created tech-
nologies can indicate that a lot of studies need to evaluate
specific contexts, where cannot be found existing technolo-
gies adequated for the context.

4.5 SQS5. Method of data collection

SQS5 showed that 20 methods were identified to collect data
from participants. We verified the following methods that are
presented in Figure 7. The most used collection method is the
Likert scale, used on 62 occasions, where users answered an
agreement scale according to the statement provided. For ex-
ample, Tseng et al. (2018) used a Likert scale to collect re-
sponses from 6 statements that were answered in 5-points.
Also, we verified other methods used several times, such as
time spent on tasks, system log files, and open-ended ques-
tions (qualitative analysis of users’ answers). In 8 papers, the
collection method was unclear.
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Table 6. References found in SMS.

Zhang et al. Girlik et al. Giesler et al.
(2020) (2014) (2014)
Colley et al. Kim et al. Pfeiffer et al
(2015) (2012) (2010)
Jacucci et al. Fu et al. Liang et al
(2010) (2010) (2011)
Damaraju Wang and Lin- Wingert et al.
et al. (2013) deman (2014) (2017)

Jetter et al. Ackad et al. Wangand Lin-
(2011) (2010) deman (2012)
de Souza Al- Huerta et al. Watson et al.
cantara et al. (2011) (2013)
(2012)

Mossel et al. Bertolo et al. Echtler et al.
(2013) (2013) (2009)
Ghomi et al. Olwal et al. Rédle et al
(2013) (2008) (2013)
Leftheriotis Micire et al. Wagner et al.
(2013) (2011) (2012)
Freitag et al. Coram et al. Frisch et al.
(2012) (2013) (2011)
Telkenaroglu  Lissermann Tuddenham
and Capin etal. (2014) et al. (2010)
(2013)

Chen et al. Lammel etal. Nacher and
(2016) (2016) Jaen (2015)

4.6 SQ6. Characteristics of evaluation tech-
nologies

SQ6 was answered with open responses, varying according
to the technology. About the most used technology (Usabil-
ity Tests), SQ6 extracted the methods used and the data col-
lected. For example, Nacher and Jaen (2015) registered the
percentage of the number of repetitions performed success-
fully, error rate, and completion time in a log file to measure
the accuracy of pre-kindergarten children.

About the second most used evaluation technology, ques-
tionnaires created for the study, SQ6 extracted all questions
contained in the questionnaire. For example, in Echtler et al.
(2009), authors created a questionnaire with six statements
to evaluate enjoyment, disturbance, perception of presence,
and efficiency of a Sudoku game running on a public dis-
play and mobile devices carried by passing users. Among
statements, we can cite "Have you been disturbed by the ac-
tions of other players when you played on the handheld?”
and ”How present were the other players when you played at
the tabletop?”.

SQ6 extracted the characteristics of each evaluation tech-
nology. From questionnaire and interview technologies,
questions and statements were extracted. Methods and data
were extracted from analysis technologies. From metric and
model technologies, the calculation was extracted. Technolo-
gies details were not covered in our paper due to space limi-
tations.
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Findings
Research SQ Possible AnswersTechnologies Percentage
%
SQ1. What is the Usability 84 68.29
quality criterion of User eXperience 23 18.7
evaluation
technology used? Both 16 13.01
SQ3. Is the .
technology specific to Specific 4 3.25
multi-touch systems
or to systems in Generic 119 96.75
general?
SQ4. Was the -
technology created Existing 44 35.77
for the study or is it
based on an existing Created 79 64.23
one?
S5Q7. Does Quantitative 98 79.67
technology extract Qualitative 23 18.7
quantitative or Both 2 1.63

qualitative data?

Findings
Research SQ Possible Answers gccyrrences Percentage
%

SQ10. Was the

software created for Yes 14 21.21
a specific group of

people? Which No 52 78.79

groups?

SQ11. How many 2 53 50.96

fingers are used to 3 14 13.46

interact with the 4 9 8.65

multi-touch system? 5 5 4.81

6 2 1.92

7 2 1.92

8 2 1.92

9 2 1.92

10 3 2.88

More than 2 12 11.54

SQ12. What is the Drag 37 33.94

gesture used in the Pinch 31 28.44

multi-touch Rotation 18 16.51

interaction? Touch 11 10.09

Touch and Drag 4 3.67

Free Gesture 1 0.92

Undefined 7 6.42

Figure 5. Summary of findings
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Figure 6. Twenty different methods for data collection were found
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Figure 7. Distribution of Likert Scales found in the technologies

4.7 SQ7. Analysis type

Results of SQ7 revealed that 79.67% (n=98) of technologies
evaluated the multi-touch systems quantitatively. Martin-
SanJose et al. (2017) performed a quantitative analysis based
on responses obtained with a 5-point Likert scale. The scale
ranged from “never” to “always”, which answers fourteen
questions regarding motivation.

Approximately 18.7% (n=23) of the technologies evalu-
ated data qualitatively. Renzi and Freitas (2014) analyzed
the study’s voice and video recording to perform a qualita-
tive analysis based on insights obtained with the Think Aloud
method. Think Aloud aims to identify possible thoughts from
users based on what they say loud during the experiment.

Only 1.63% (n=2) of technologies evaluated data quantita-
tively and qualitatively. Freitag et al. (2012), authors created
a questionnaire that contained questions to be answered with
a 5-point Likert scale, ranging from ”low” to high”, with
space for open comments.

It is worth of note this so low percentage of technologies
jointly evaluating the quantitative and qualitative data. It is
valid to assume that this significant amount of one-focused
aspect technologies may be due to less effort required to eval-
uate only essential research data. After all, not every study
needs to extract and evaluate both data types. However, the
tiny proportion of 1.63% of technologies that evaluate both
aspects together is enough to ask whether the potential of this
evaluation is not being overlooked.

4.8 SQ8. Multi-Touch System function

SQ8 extracted subjective data about multi-touch systems and
was used to capture a functionalities description of the evalu-

ated software. For example, in Coram et al. (2013), the au-
thors evaluated a system for analysis and visualization in
astrodynamics, supporting space mission analysis. Besides,
Fabroyir (2019) evaluated a map system, where the interac-
tion through multi-touch was compared with the interaction
of game control.

4.9 SQ9. Multi-Touch System category

SQY presents a categorization of systems identified in SQS.
The categories with the number of papers were: daily facilites
(24), virtual reality (11), amusement (7), mobility (3), secu-
rity (3), education (2), health (2), augmented reality (2), im-
age edition (1), aeronautical mobility (1), music (1), 3D in-
teraction and simulation (1), criativity (1), accessibility (1),
spacial visualization (1), 3D navigation environment (1), ob-
ject manipulation (1), social networks (1). In one case the
category could not be defined.

Leftheriotis et al. (2015) addressed daily facilities, where
they evaluated a system made to identify plant species. About
health systems, Madni et al. (2016) evaluated two different
orientation techniques for diagnosing and monitoring medi-
cal images from the user perspective. Fu et al. (2010) eval-
uated an educational system made for the exploration of 3D
astrophysics simulations.

4.10 SQ10. User group of Multi-Touch System

Results of SQ10 revealed that 78.79% (n=52) of evaluated
systems were not created for a people group. In contrast,
21.21% (n=14) of systems were created to help some groups.
Groups and the number of multi-touch systems created to
target them are Drivers (2); Students (2); Blind/Visually
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Table 7. References found in SMS

Madni et al. RenziandFre- Derboven
(2016) itas (2014) et al. (2012)
Uebbing- Rodriguez- Tseng et al
Rumke et al. Conde and (2018)
(2014) Campos

(2020)
Kim and Lee WangandLin- Merrad et al.
(2015) deman (2015) (2022)
Fabroyir Muenderetal. Kulik et al.
(2019) (2019) (2018)
Ducasse et al. Cascales- Arnaud et al.
(2018) Martinez (2016)

et al. (2016)
Leftheriotis Schiirmann Nacher et al.
etal. (2015) et al. (2015) (2015)
Hsiao et al. Bertolo et al. Kildal et al.
(2014) (2013) (2013)
Blazica et al. Koutlemanis Tuveri et al.
(2013) et al. (2013) (2013)
Zaharias et al. Radhakrishnan Ciocca et al.
(2013) et al. (2013) (2012)
Berkman and Hachet et al.
Karahoca (2011)
(2012)

Impaired (1); Air Traffic Controllers (1); Design Experts
(1); Medics (1); Scientists with specialties in biochemistry
(1); Astrodynamics Specialists (1); Aeronautics Profession-
als (1); Editors (1); Children (1); Fashion Designers (1).

The drivers and students were the groups with the greatest
targeting of returned multi-touch systems. For example, in
Colley et al. (2015), the authors evaluated the Usability and
UX of a multimedia system of a car.

4.11 SQ11. Number of fingers used

SQ11 searched to find the number of fingers used in the multi-
touch systems. The number of fingers and their occurrences
are: 2 fingers (53), 3 fingers (14), 4 fingers (9), 5 fingers (5),
6 fingers (2), 7 fingers (2), 8 fingers (2), 9 fingers (2), 10 fin-
gers (3). In 12 papers, we could not identify the exact number
of fingers used, but for sure, there were more than 2. For ex-
ample, in Micire et al. (2011), the authors evaluated an inter-
face that used 10 fingers to pilot a robot. The greater set of 2
fingers makes sense when thinking that it can make it easier
to perform gestures with fewer fingers. The most used daily
systems also use 2 fingers to perform their main multi-touch
actions, like Google Maps and Google Earth.

4.12 SQ12. Gesture used

In SQ12, we identify and classify the gestures used in the
studies. Due to the lack of a previous classification, we di-
vided the gestures into generic categories that could comprise
the varieties of gestures found. The categories and the occur-
rences they were used are: Drag (37), Pinch (31), Rotation
(18), Touch (11), Touch-and-Drag (4), and Free Gesture (1).
In 7 cases, we could not identify the gestures. For example,
in Pfeiffer et al. (2010), the participants were asked to cre-
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ate 19 different gestures to interact with a music player and
a navigation system in a car.

4.13 SQ13-SQ15. Evaluation study

of evaluation technology

About SQ13, we verified that if the evaluation technolo-
gies passed through an evaluation study by the authors, what
is an important step to check the limits and quality of the tech-
nology. Nonetheless, none of the technologies found were
empirically evaluated, even when they were created for the
study, in the case where this validation would be more cru-
cial (Shull et al., 2001). Regarding SQ14 and SQ15, we also
got no results since there was no evaluation study.

4.14 SQ16-SQ18. Evaluation study

of multi-touch technology

SQ16 verified if there was or was not an evaluation study
of the multi-touch interface presented in the papers. Through
SQ16, we could verify that all multi-touch-based interfaces
passed through an evaluation study. Then SQ17 summarized
the experiment conducted in each paper to facilitate the un-
derstanding, analysis, and future work based on each ex-
traction. Finally, SQ18 collected the number of participants
present in each study. The amount of participants is very var-
ied, ranging from 2 to 326. Rodriguez-Conde and Campos
(2020) performed a case study with 326 participants to find
out the differences between interaction through multi-touch
and a desktop.

5 Benchmark

Due to the several technologies found in the SMS, a bench-
mark was performed to characterize better and analyze the
questionnaires identified by the SMS. A benchmark is a
method used to measure, compare, define best practices, im-
plement, and improve a software or product (Anand and Ko-
dali, 2008). The General Usability Questionnaire (Uebbing-
Rumke et al., 2014) and the DLR Usability Questionnaire
(Uebbing-Rumke et al., 2014) were not included in this anal-
ysis because the authors do not provide them. For the same
reason, the questionnaires created specifically for the studies
where they were applied were not selected, and they can be
seen in Table 8.

A total of 14 questionnaires were cataloged and the num-
ber of questions was also considered an aspect of to catalog
(Tables 9 and 11). The criterion targeted by the technologies
were classified as Usability, UX, or both. Observing the ques-
tions, two different types were noted: extensive questions
that can formulate a line of thinking and just aspects that op-
posed each other in different extremes of scales. The scales,
in turn, also became an analyzed aspect since their presence
was perceived in all questionnaires. The number of aspects
evaluated by the questionnaires also was counted, both in
number and in criteria, this criterion being Usability or UX.
We also checked whether the questionnaires had automated
versions that could facilitate collecting and analyzing the an-
SwWers.
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Table 8. Authoral questionnaires found in SMS

Colley et al.

Giesler et al.

Kim et al

(2015) (2014) (2012)

Jetter et al. Zhang et al. Wangand Lin-

(2011) (2020) deman (2014)

Ackad et al. WangandLin- Liang et al

(2010) deman (2012) (2011)

Huerta et al. Echtler et al. Ghomi et al.

(2011) (2009) (2013)

Bertolo et al. Freitag et al. Mossel et al.

(2013) (2012) (2013)

Lissermann Telkenaroglu ~ Tuddenham

et al. (2014) and Capin et al. (2010)
(2013)

Olwal et al. Chen et al. Kim and Lee

(2008) (2016) (2015)

Wang and Lin- Tseng et al. Cascales-

deman (2015)  (2018) Martinez

et al. (2016)

Hsiao et al. Bertolo et al. Ducasse et al.

(2014) (2013) (2018)
Zaharias et al. Hachet et al. Hachet et al.
(2013) (2011) (2011)

The number of questions found ranges from four (PENS
and UMUX) to 45 (IMI). The number of questions implies
how much information can be provided by the user. Question-
naires that want to extract much information should consider
that more questions can be beneficial. However, when the
questionnaire’s objective is a quick answer and not too deep
about what they need to discover, a few questions can help
make the process smoother and faster. The amount of ques-
tions also implies how many usability and/or UX aspects can
be assessed.

The predominant criterion targeted by the questionnaires
is UX, being 57.14% of the sample (n = 8), followed by us-
ability with 35.71% (n = 5). Only MEC-SPQ seeks to eval-
uate usability and UX jointly, representing 7.14% (n = 1) of
the analyzed group. The joint evaluation of usability and UX
allows verification, simultaneously, aspects linked to behav-
ioral goals and those linked to users’ feelings (Vaétéjé et al.,
2009). The evaluation of UX and usability in separate ways,
predominant in this set of questionnaires, may indicate that a
complete analysis of user behavior is usually performed us-
ing more than one evaluation technology.

Regarding the scales used, 57.14% (n = 8) use 7-point
scales: Attrakdiff, IMI, INTUI, NASA-TLX, Presence Ques-
tionnaire, UEQ, UMUX, and USE. The questionnaires that
use S-point scales are DAQ, MEC-SPQ, PANAS, and SUS,
corresponding to 28.57% (n = 4) of the sample. SMEQ uses
an 8-point scale, which is 7.14% (n = 1) of the sample. SMEQ
evaluates how many days of the week the user utilizes social
media. Since the week has seven days, the extra point cor-
responds to the option I do not use social media”. PENS
uses a variable scale of 2 to 3 points, being 7.14% (n=1) of
the occurrences. PENS has this variable scale because some
of their questions give the option of rating one or two stars,
while others give a rating of one to three.

Discussing the number of points used in an evaluation tech-
nology can guide a researcher to use an optimized number of
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questions for the context. Chyung et al. (2017) make an anal-
ysis that shows that the most important reason when choos-
ing the number of points is the presence of a middle point. A
middle point in a scale can allow the user to choose a min-
imally acceptable response as soon as it is found instead of
putting effort into finding an optimal response (Matell and
Jacoby, 1971). The name “satisfying behavior” is given to
this phenomenon. In this way, when the researchers have to
minimize incorrect middle point use, it is advisable to omit
this point or increase the scale sensitivity. There are some
other situations where the middle point omission is recom-
mended. They are: when respondents are comfortable with
the survey topic, offering an ”’I do not know” option instead;
when they are under intense pressures of social desire (Johns,
2005); and when they have little or no involvement with the
topic (Weems and Onwuegbuzie, 2001). However, there are
situations where the researchers can have less biased results
on applying the middle point on the scale. On vague top-
ics, a neutral opinion can be desired (Johns, 2005); a neutral
point can improve instrumental confidence when measuring
psychological characteristics (Adelson and McCoach, 2010);
some measures can be taken to decrease the erroneous use of
the neutral point by improving the clarity of the questionnaire
items (Kulas and Stachowski, 2013).

The type of scale used varies. Around 42.86% (n = 6) use
a semantic differential scale, where there is an opposition be-
tween the meanings of each end of the scale. They are At-
trakDiff, DAQ, IMI, INTUL, NASA-TLX, and UEQ. On the
other hand, in simple Likert scales, where each extreme of
the scale indicates total agreement or disagreement with a
term, we have 50% of use (n = 7), being them MEC-SPQ,
PANAS, PENS, Presence Questionnaire, SUS, UMUX, and
USE. In just one case (n = 1), representing 7.14% of occur-
rences, we have SMEQ that used the days of the week as a
measure, not fitting the above mentioned standards. Using
questions or just opposing aspects can imply advantages and
disadvantages. Extensive questions can explain better for the
participant the meaning of the question, leading him to give a
more accurate answer. However, if the researcher desires to
approach many questions, it could tire the user, leading him
to pick a point to finish it faster. From this point of view, us-
ing just opposing aspects in extensive questionnaires could
be an advantage. These thoughts lead to a belief that the re-
searcher must choose a format that better suits the context in
which the questionnaire will be applied.

The number of aspects assessed by questionnaires varies
greatly, with the highest being 56 and the smallest being 1.
The questionnaire that evaluates only one aspect is SMEQ,
with the frequency of social media use being the target. All
questionnaires that use a semantic differential scale present
two aspects, one on each end of the scale; therefore, the num-
ber of questions is usually half the number of aspects evalu-
ated. This approach is based on the perception that the con-
cepts and their antonyms cannot be combined into a single
concept to apply to each question. This approach occurs be-
cause it was noted that different authors could interpret some
concepts differently. It is interesting to note that 5 of the
14 questionnaires evaluate four different aspects, the largest
group with an equal number of aspects of this benchmark.
However, only UMUX has four questions, one for each as-
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Table 9. Result of the benchmark
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Questionnaires Number of Questions  Criteria Scales Questions for each aspect

AttrakDiff 28 UXx 7 points No

DAQ 13 Usability 5 points Yes

IMI 45 UX 7 points Yes

INTUI 17 Ux 7 points Yes

MEC-SPQ 20 Both 5 points Yes

NASA-TLX 6 Usability 7 points Yes

PANAS 20 UX 5 points No

PENS 4 UX 2-3 points No

Presence  Question- 29 UX 7 points Yes

naire

SMEQ 5 UX 8 points Yes

SUS 10 Usability 5 points Yes

UEQ 26 UX 7 points No

UMUX 4 Usability 7 points Yes

USE 30 Usability 7 points Yes

Table 10. Result of the benchmark
Questionnaires Collection Methods Aspects Evaluated  Automated version?
AttrakDiff Differential Semantic Scale 28-56 Yes
DAQ Differential Semantic Scale 9 No
IMI Differential Semantic Scale 11 No
INTUI Differential Semantic Scale 4 No
MEC-SPQ Likert Scale 7 No
NASA-TLX Differential Semantic Scale 6 Yes
PANAS Likert Scale 20 Yes
PENS Likert Scale 5 No
Presence Likert Scale 4 No
Questionnaire
SMEQ Amount of days using social media per week 1 No
SUS Likert Scale 4 Yes
UEQ Differential Semantic Scale 26-52 Yes
UMUX Likert Scale 4 No
USE Likert Scale 4 Yes
Table 11. Questionnaires catalogued in the benchmark
Attrakdiff (Hassenzahl, 2004) Device Assessment Questionaire Instrinsic Motivation Inventory

(DAQ) (ISO 9241-9, 2000)

(IMI) (Ryan and Deci, 2000)

Intuitive Interaction (INTUI) (Ull-
rich and Diefenbach, 2010)

Measurement, Effects and Condi-
tions — Spatial Presence Question-
naire (MEC-SPQ) (Vorderer et al.,
2004)

NASA-Task Load Index (NASA-
TLX) (Hart, 1986)

Positive And Negative Affect Scale
(PANAS) (Watson and Clark, 1994)

Player Experience of Need Satisfac-
tion (PENS) (Ryan et al., 2006)

Presence Questionnaire (Witmer
and Singer, 1998)

Social Media Engagement Ques-
tionnaire (SMEQ) (Przybylski et al.,
2013)

System Usability Scale (SUS)
(Brooke, 1996)

User Experience Questionnaire
(UEQ) (Laugwitz et al., 2008)

Usability Metrics for User Experi-
ence (UMUX) (Finstad, 2010)

Usefulness, Satisfactions and Ease
of Use Questionnaire (USE) (Lund,
2001)
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pect. The others have 10 to 30 questions, divided into four
groups, each focusing on the aspect they want to evaluate.
This observation leads us to believe that it is essential when
seeking to fully evaluate an aspect, to formulate more than
one question about it.

From the 14 questionnaires, 42.86% (n = 6) have an on-
line version. They are: Attrakdiff ©, NASA-TLX’, PANAS?,
SUS’, UEQ'? and USE'".

Attrakdiff has an online tool available in English and Ger-
man. It offers two versions, a complete one and a shorter
one. It meets some target profiles of the evaluation, namely
the individual evaluation, comparison between A and B, and
comparison between before and after. Its primary focus is
on evaluating the attractiveness of products. Creating the on-
line form allows for customizing various information, such
as the product’s name and the type of product being evalu-
ated, such as medical devices or logistical systems. It allows
the creation of the form to be distributed anonymously, or if
the evaluator has the participants’ emails, it allows the invi-
tation to be sent directly by email. At this point of configura-
tion, the tool gives you information about the created project,
the possibility of modifying the date so that the form expires
at some point, and information about the participants’ test.
The possibility of exporting the results as an Excel table is
given at the end of the results section. It also generates some
graphs to evaluate the participants’ behavior that can be eas-
ily exported. We made a test, and the exported images can
be seen in Figure 8. This online tool is easy to apply; it is
intuitive and can be very helpful in evaluating the proposed
aspects.

NASA-TLX automated version is officially available on
the USA govern site'?. It proposes to evaluate six aspects in
order to be able to measure the workload of a given activity.
Its automated availability is limited to Apple devices such as
iPhone, iPad, iPod, and Mac. The app presents a series of 21
steps, the first 15 pairwise systems, wherein each pair, the
user must choose the more relevant aspect regarding work-
load in the task recently performed. After that, the six main
questions in the paper and pencil versions are presented. That
version uses a 7-point Likert scale, but the automated version
gives a range of choices that is way more accurate, as seen in
Figure 9. After this, the user can access the app history. Each
new evaluation generates two graphics, one for the pairwise
evaluation and one for the rating scale, as seen in Figure 10.
For the pairwise approach, weights are assigned to the six
evaluated aspects. However, the app does not clarify how this
weighting is done. As for the rating scale approach, the app
presents data on weights, rating, an adjustment combining
weights multiplied by ratings, and a general weighted rating.
The use of the app seems to have the objective of a more
personal approach since it does not provide the possibility to
collect data and evaluate how several people evaluate a task
after its completion. There were no options for sharing the

Shttps://www.attrakdiff.de/index-en.htmltab-einzelausw
7https://nasa-tlx.firebaseapp.com
8https://psytests.org/emo/panasen.html
9https://uiuxtrend.com/sus-calculator/
10https://www.ueq-online.org
https://garyperlman.com/quest/quest.cgi?form=USE
12https://humansystems.arc.nasa.gov/groups/tlx/
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Figure 8. The mean values of the word pairs. Of particular interest are the
extreme values, showing which characteristics are particularly critical or
particularly well-resolved.

results, which could yield a new version for broader use of
this tool.

Mental Demand
How much mental and perceptual activity did
you spend for this task?

Low High

Figure 9. The red pin shows that there is a very wide point picking accuracy.

As for PANAS, two online versions were found. No infor-
mation was found to confirm if some of the online tools were
made by the authors of the original questionnaire. PANAS
seeks to measure the positive and negative effects felt last
week. The researcher can orientate the object of this affec-
tion. The version provided by psytests.org'® provides some
calculations on the 20 questions that can be seen in Figure
11. The site is described as follows: “PsyTests.org is a free-
to-use website dedicated to providing psychology profession-
als, students, and the general public with access to academi-
cally validated psychological assessment tools with a simple

Bhttps://psytests.org/emo/panasen.html
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£ History ul Rating Scale
Study Name:
Study Group:
Subject ID:
Trial: 001
Type: Rating Scale
03/06/2023 11:086
Rating Weight Adjusted
Mental Demand
80 4 320

Physical Demand
85 4 340

Temporal Demand

10 3 30
Performance

90 2 180
Effort

85 0 0
Frustration
[ 20 2 40

Weighted Rating: 60.67

Figure 10. Graphic generated after the rating scale evaluation.

interface and automated scoring”. The other online version
found was provided by the site novopsych.com.au/!# and the
description of the site is "NovoPsych’s mission is to help
mental health services use psychometric science to improve
client outcomes”. For the results, this version can only re-
ceive by email. The document generated provides the basic
patient information, besides displaying a graphic about the
positive and negative affects that can be seen in Figure 12
and giving the instructions to interpret it. Both versions have
the same questions and scales. It can be noticed in both ver-
sions that they were made for one-on-one contact between
patients and mental health professionals. This perception is
due to the perceived intention of the questionnaires to be indi-
vidual assessments. None of the tools allow the formation of
calculations or graphs with information from more than one
individual. Therefore, a suggestion for future work would
be implementing a tool capable of evaluating the results of
groups of individuals to understand how these groups feel
and perceive the aspects covered by the questionnaire.

SUS is one of the most known questionnaires for evaluat-
ing usability. Surprisingly, no free automated online version
of deployment, distribution, and results gathering was found.
The .gov site' presents a template in PDF that can be down-
loaded. For the result analysis, we found many tools, the most
remarkable presented by Blattgerste et al. (2022)'6. It is an
open-source project proposing a SUS analysis toolkit. It al-
lows input data to be analyzed manually or through CSV files.
The options to make a single or multiple variable analysis is
presented too. As a result, it presents four options of presets,
each generating different varieties of charts. One of them is
presented in Figure 13. The analysis made by this project is

14https://movopsych.com.au/assessments/formulation/positive-and-
negative-affect-schedule-panas/

3 https://www.usability.gov/how-to-and-tools/methods/system-
usability-scale.html

16https://mixality.de/sus-analysis-toolkit/
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complete, and the integration with an automated way to dis-
tribute the questionnaire and gather its answers could result
in a more complete and definitive online version of SUS.

UEQ is one of the most known questionnaires regarding
UX evaluation. It attends more than 30 languages and is pro-
vided in the official site'’. The project’s creators also pro-
vide shortened versions of the UEQ and very complete and
automated Excel spreadsheets to generate the most diverse
graphical and statistical results. The same suggestion to the
tools found for SUS can be made for UEQ. Here is a lack of
automated ways to collect the participants’ response to the
questionnaires and apply it directly to the analysis tools.

Only one version of USE'® was found. It is an essential
tool that contains the questions and options to mark them
and send the answers by email. In the test made for this
benchmark, the answers went to the spam inbox. A feature of
adding a comment on any of the items is presented. The as-
pects evaluated by USE (Usefulness, Satisfaction, and Ease
of use) are recurrent in the literature analyzed. Thus, other
technologies that already assess these aspects may do so dif-
ferently or better or be more widespread. Another possibility
is that this questionnaire was not well-known and widespread
until then.

6 Discussion

Our analysis through this SMS on technologies used to eval-
uate Usability and/or UX in multi-touch systems revealed 29
different technologies. Furthermore, these technologies had
123 total occurrences when accounting for repeated technolo-
gies.

A lack of a standard in the used technologies was identi-
fied, with authors preferring to create their evaluation tech-
nologies. This identification is evidenced by the high number
of Usability tests and questionnaires created for the studies.
However, while creating your technology allows you to ad-
dress the specific issues of the project, it makes it difficult
for the technology to be reused by others. In addition, all
technologies created did not undergo an empirical evaluation,
which can threaten their validity.

6.1 SMS discussion

About SQ1, the small number of technologies that evaluate
Usability and UX together is remarkable, as can be seen in
Guerino and Valentim (2020), where from 110 technologies
found that evaluate Usability and UX on Natural User Inter-
faces (NUIs), only 2 evaluate them jointly. Most technolo-
gies assess Usability aspects. It is possible that with the devel-
opment and use of technologies that focus on both, a greater
understanding of software quality will be achieved.
Regarding SQ2, it is evident that the concepts of UX and
Usability are not the same among the authors since aspects
such as comfort and effort are considered UX by some au-
thors and Usability by others. Following the aspects that com-
pose Usability according to the ISO/IEC 25010 (2011), we
identified that two of the three main aspects are present in

https://www.ueq-online.org
18https://garyperlman.com/quest/quest.cgi?form=USE
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Figure 12. Scores and graphic made upon the results of PANAS provided
by NovoPsych.

Usability evaluations, which are effectiveness and efficiency.
About UX, authors prefer to evaluate the general user expe-
rience over other specific aspects.

In SQ3, a discrepancy is found between technologies spe-
cific to evaluating multi-touch interactions and generic tech-
nologies. Although generic technologies have the advantage
of being used in other studies, we believe that their generic
way of evaluating does not fulfill its role well in the multi-
touch context. For a better understanding and evaluation, this
context needs ways to assess the specificities of multi-touch,
i.e., the number of fingers and gestures used. The lack of
these specific ways to evaluate this context can negatively im-
pact the evaluation process and the quality of these systems.
This negative impact can occur in different ways. Forlines
et al. (2007) demonstrates that the lack of precision when de-
tecting touches or gestures is a point that can significantly
harm the user experience. Similarly, the lack of mechanical
feedback is something that should be taken into account, due
to the ability to generate negative reactions compared to other
devices like mouse and keyboard (Buxton et al., 2007). In

addition to these aspects, another problem that can interfere
with Usability and/or UX is the lack of gesture standardiza-
tion, which can require users to learn different gestures in
different applications to perform the same task (Liang et al.,
2011). Forlines et al. (2007) (Buxton et al., 2007) (Liang
etal., 2011)

In SQA4, the results reveal that most technologies are being
created for the study, which shows a lack of standardization
among these technologies. This result corroborates the anal-
ysis shown in SQ3. Besides, even among the technologies
based on existing ones, almost none consider the multi-touch
context specificities.

With SQS5, we can affirm that the Likert scale is the most
used collection method. It occurs 62 times, followed by log
files with 17 occurrences, being the main methods to com-
pose the quantitative data of SQ4. The main methods to
gather qualitative data are composed of technologies that
have observations, notes, and open-ended questions. Qualita-
tive data evaluation has significant importance in improving
systems quality, allowing to identify problems of Usability
and UX in multi-touch systems.

Regarding SQ6, the characteristics of the evaluation tech-
nologies were verified and collected. Questionnaires created
for the studies show their versatility, enabling any number
and nature of questions to be made, allowing more autonomy
for the authors in this process. However, we noticed the need
and work of the authors to create an evaluation method for a
single study.

About SQ7, results show that the most used analysis type
is quantitative, being qualitative and both a small part of it.
This result demonstrates that the author prefers to focus on
numbers over subjective aspects in qualitative analysis. We
believe that evaluation technologies that focus on quantita-
tive and qualitative data can bring more diversity and points
of view about the topics researched.

In SQS8, we observed that multi-touch systems perform
several functions, from robot piloting to protein manipula-
tion. This variety of functions is reflected in the presence of
social areas, from accessibility to space exploration.

According to SQ9, we can observe that the primary goal
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Figure 13. Three types of charts generated in one of SUS Analysis Toolkit presets.

of multi-touch systems is to facilitate the user’s daily lives.
The facilitation can be exemplified by expanding the use of
multi-touch in several devices, such as smartphones, tablets,
tabletops, and all sorts of screens. Our results also identify
multi-touch systems in areas as mobility, health, entertain-
ment, and other.

We observe that multi-touch systems are not restricted to
general facilities, but they have a particular motivation in
some cases. An example of motivation can be a group of
people. Most of the multi-touch systems analyzed are not
designed to help a specific group, but the results of SQ10
show that some have a group direction. In addition, we ob-
served a link between multi-touch systems and accessibility
since some of these systems focus on people with difficulty
performing conventional interactions, such as children, blind
and older adults.

About SQ11, almost all systems evaluated use 2 fingers to
make the interaction. This result was expected since most of
the multi-touch gestures known use 2 fingers. However, the
use of 3 fingers also is common. Some studies show the use
of 2 or more fingers in the experiment but do not make clear
the exact number. Most of the interactions with more than 3
fingers were in systems that allow interaction with 10 fingers.
Some interactions involved more than one person interacting
at the same time. On these occasions, this paper analyzed
only the interaction characteristics of a single participant.

With the SQ12, we verified the gestures used in the stud-
ies. We divided the gestures into six broad categories (drag,
pinch, rotation, touch, touch and drag, free gesture) since

each study can use a specific gesture that is not easily de-
scribed. Besides, many studies give different names to the
same gesture, mixing the functionality of the gesture with
the gesture itself. From this, it was decided to group these
gestures by the way they are materially performed. Drag is
defined when the fingers touch the screen and go in any di-
rection. Rotation occurs when two or more fingers perform a
circular gesture, either around themselves or around an axis
common to the fingers used. Touch and drag is defined by
steady tapping of one finger while another finger is dragged
across the screen. Touch is a simple touch on the screen.
Pinch occurs when there is the movement of moving the fin-
gers apart or closer, a gesture commonly used to perform the
zoom action. Free gesture occurred only once, in a paper that
allowed users to create any gesture for the interaction.

Regarding the SQs 13-15, all the technologies are used
without being submitted to an empirical evaluation. The lack
of empirical evaluation is confirmed by the high use of ques-
tionnaires created for only one study. Furthermore, according
to our results, none of the evaluation technologies go through
the empiricism process. This process seeks aspects such as
verification of feasibility and validation, important steps to
refine the technology and identify problems that can inter-
fere with the quality of the evaluation (Mafra et al., 2006).

The SQs 16-18 attend the empirical evaluation of the multi-
touch interfaces. A summary of the experiment description
was collected, to allow a better understanding of the empiri-
cal process which the participants were submitted. This sum-
mary differ from paper to paper and can contain instructions
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given, tasks performed and environment descriptions. Also
the amount of participants were collected. The study with
the fewest participants had 2, while the largest had 326, and
most of them do not surpasses 50 participants.

These results points to some directions that could be more
explored in the future. Why so many technologies focus on
extracting only quantitative data may be an important point in
the field. The reason and motivation for the lack of Usability
and UX assessment together can also be explored, and having
the information that there is such a lack, the focus on filling
it should be taken into account. It is also interesting to note
that some concepts can be treated as UX by some authors
and as Usability by others. The areas of HCI and SE would
greatly benefit from work that sought to better establish a
border between the concepts.

6.2 Benchmark discussion

We did the benchmark to provide an in-depth study of UX
and usability questionnaires used in multi-touch context and
identified in SMS. The need for complete systems to inte-
grate all the necessary steps to conduct research with groups
of people is remarkable. The usability and UX assessment
technologies found and analyzed do not usually cover data
distribution, collection, and analysis in the same tool, even
for the most well-known questionnaires, such as the SUS.

Questionnaires like NASA-TLX do not cover the distribu-
tion and synthesis of results from more than one person in
the same application. This lack of the same process with a
beginning, middle, and end represented in a single technol-
ogy may indicate that the usability and UX evaluation area
is very niche, not making an effort to implement such a tool
worthwhile. The lack of references and other analyses about
these tools indicates that this lack prevented the perception
of the non-existence of more complete tools.

7 Threats to Validity

It is shown in Ampatzoglou et al. (2019) the need and impor-
tance of reducing the risks to the validity of secondary stud-
ies. Therefore, some strategies were applied to reduce the im-
pact of threats. We followed the well consolidated and solid
protocol made by Kitchenham and Charters (2007). Since the
search string is a determinant part of the results exhibited,
field experts carefully reviewed their terms, and the string
itself passed through a significant amount of tests to be re-
fined.

Three researchers made part of this project, helping to re-
duce another threat, the authorial bias. This participation was
in the process of protocol review, paper selection, extraction,
and data analysis. The first researcher read all titles and ab-
stracts and classified the papers of the first filter. The sec-
ond and third researchers also read all titles and abstracts. A
discussion between the three researchers was performed for
each paper that did not agree on inclusion/exclusion. Next,
the first researcher analyzed and extracted the papers’ data
in the second filter. The second and third researchers revised
the extractions. Differences in inclusion or exclusion were
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discussed, and no paper was excluded without a plausible
justification.

Threats that could not be controlled may have influenced
our research results. For example, they are (i) insufficient in-
formation in papers to be extracted; (ii) non-standard defini-
tions and treatments of terms; (iii) lack of detailing of evalu-
ation technologies or multi-touch systems. However, we be-
lieve that the peer-review process reduced the impact of these
threats.

8 Conclusions and Future Work

This paper accomplished an SMS to identify the Usability
and UX evaluation technologies of multi-touch systems. Of
622 papers returned, 65 passed through the first and second
filters and had their data extracted. Through this extraction,
29 different technologies were identified, and their character-
istics were analyzed and classified by the SQs presented in
Section 4.

Our results presented the authors’ behavior in creating
their evaluation technologies and metrics, most question-
naires, and log files. These technologies do not go under any
process of empirical evaluation or validation. Besides, we
noticed many evaluations that focus only on Usability. Our
analysis also revealed that most technologies are generic, not
considering the multi-touch specificities. Moreover, the ma-
jority do only quantitative analysis, not considering subjec-
tive thoughts that could contribute to the system quality. Our
findings of multi-touch systems reveal their use to help peo-
ple’s daily lives, which do not dismiss their use in specific
contexts such as accessibility and health.

The summary of our results can be divided into the fol-
lowing gaps: (i) few evaluation technologies for multi-touch
systems that assess UX and Usability jointly; (ii) absence of
empirical evaluation and validation process over the evalua-
tion technologies; (iii) use of generic evaluation technologies
do not consider the multi-touch specificities; (iv) most of the
evaluation technologies have their focus only on quantitative
analysis; (v) aspects of Usability and UX are not well de-
fined in the context of multi-touch, with some of them being
treated as both. We hope that these findings will help, inspire
and collaborate with the scientific and industrial community
in evaluating and creating new technologies to fill the gaps
found.

The gaps identified by our SMS will serve as a basis to
continue the work involving Usability and UX in the context
of multi-touch systems quality. Also, the development of an
evaluation technology that fills the gaps found can be con-
ducted. We hope to contribute to the scientific community,
industry, and society in this context. Besides, we expect that
our SMS can serve as a basis for future SMSs.

The benchmark performed here demonstrated that there
are few automated assessment technologies. After all, only
6 of the 14 questionnaires analyzed have online and/or auto-
mated versions. For future work, delivering automated tools
for these questionnaires may be interesting. However, regard-
ing new and existing automation, it is essential to highlight
the need for a complete automated cycle of questionnaire dis-
tribution, data collection, and analysis. This step would be of
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fundamental importance to popularize the existing means of
usability and UX evaluation and facilitate the use and appli-
cation of these technologies.
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