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Abstract: Conversational Systems (CS) are increasingly present in people’s daily lives. CS must provide a good expe-
rience and meet the needs of its users. Therefore, the Usability and User Experience (UX) evaluation is an
appropriate step before making CSs available to society. To guide developers to identify problems, improve-
ment suggestions, and user perceptions during CSs development, we developed a technology named Usability
and User Experience Evaluation of Conversational Systems (U2XECS). U2XECS is a questionnaire-based
technology that provides Usability and UX statement specifics to evaluate CSs. We conducted an exploratory
study performed to evaluate and evolve U2XECS. Our results evidenced positive points of U2XECS related
to ease of use, usefulness, and intentions to use. Moreover, we identified opportunities for improvement in
U2XECS, such as ambiguous statements that generated misinterpretations in subjects.

1 INTRODUCTION

Conversational Systems (CS) are increasingly present
in our daily lives and because of this they receive
investments from the industry. It is estimated that
only the Intelligent Virtual Assistants (IVAs) market
will reach $45.1 billion in 2027 (Grand View Re-
search, Inc, 2020). The high interest in this type of
system is because it is widely used in applications
for smartphones (e.g., Alexa), physical devices for
home automation (e.g., Google Home), integration
with car systems (Google Assistant integration), and
even smart glasses (Amazon Echo Frame).

CS also are covered in Human-Computer Interac-
tion (HCI) research. The HCI area has provided sev-
eral contributions in the CS topics (Porcheron et al.,
2018) in several contexts and users profile, such as el-
derly users (Trajkova and Martin-Hammond, 2020),
and children (Lovato and Piper, 2015), as well as case
studies (Candello et al., 2019) and literature reviews
(Kocaballi et al., 2020).

In the context described above, CS should be use-
ful, easy to use, and enjoyable to be accepted in soci-
ety. Then, it is essential to evaluate the quality of CSs.
In literature, one way to evaluate the quality of sys-
tems is through Usability and User Experience (UX)
evaluation. Usability and UX evaluation allows de-

velopers to have a perception - positive or negative -
of the developed system before making it available to
market. From this step and the results obtained, devel-
opers can improve negative points and explore better
positive topics.

Kocaballi et al. (2018) reveal that there are several
interpretations of Usability and UX for the CS since
UX is used: (i) as Usability; (ii) as something beyond
Usability; or (iii) as user satisfaction. In this paper,
we interpreted Usability according to ISO 9241-210
(2019), being “the extent to which a system, product
or service can be used by specified users to achieve
specified goals with effectiveness, efficiency, and sat-
isfaction in a specified context of use.” UX is related
to “user’s perceptions and responses that result from
the use and/or anticipated use of a system, product
or service” (ISO 9241-210, 2019). While the Usabil-
ity evaluation verifies behavioral goals (such as effi-
ciency and effectiveness), the UX evaluation under-
stands the concepts related to users’ subjective per-
ceptions (such as motivation and emotion). There-
fore, technologies1 that evaluate Usability and UX
could provide to the developer a vision that encom-
passes systems’ behavioral goals and users’ percep-

1Technologies have the same level of tools, methodolo-
gies, techniques, among others (Petersen et al., 2015).
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tions.
To a deeper understanding of software quality

evaluation, we conducted two systematic mappings
studies, and we realized that technologies used to
evaluate the Usability and UX of CSs are generical
and do not include specific CS aspects, e.g., the con-
versation’s rhythm. Besides, some technologies eval-
uate only one quality aspect (Usability or UX) in CSs.

Thus, this paper presents a proposal for a joint
evaluation of Usability and UX aspects specific to
CSs, the Usability and User Experience Evaluation of
Conversational Systems (U2XECS). U2XECS aims
to help developers how to evaluate their CSs, iden-
tify improvement points, and understand users’ per-
ceptions. Besides, UEXECS was created to be used
by developers in an easy and low-cost way. This pa-
per also presents an exploratory study to improvement
and evolve the U2XECS. To guide our study, we de-
signed the following research questions:

• RQ1. How efficient were participants using
U2XECS?

• RQ2. What the participants’ perceptions of
U2XECS based on ease of use, usefulness, and
intention to use?

• RQ3. Which are the improvements suggested for
U2XECS?

To answer the presented questions, the study verified
participants’ efficiency in identifying defects in the
CS evaluated through U2XECS (RQ1). The study
also evaluated the U2XECS through the Technol-
ogy Acceptance Model (TAM) (Venkatesh and Davis,
2000) according to ease of use, usefulness, and inten-
tion to use (RQ2). Besides, we proposed one qualita-
tive question to identify possible improvements to our
technology (RQ3).

This paper is organized as follows: Section
2 presents related works. Section 3 presents the
U2XECS, its definition, mode and example of use.
Section 4 presents the planning and execution of the
exploratory study. In Section 5, we present the ex-
ploratory study results. In Section 6, we present the
discussion, improvements identified in the study, and
the updated version of U2XECS. In Section 7, we dis-
cuss the threats to validity. Finally, Section 8 presents
our conclusions and future work.

2 RELATED WORK

The literature reveals that CSs are evaluated in differ-
ent ways by different technologies (Kocaballi et al.,
2018). Technologies identified in the literature and

that are commonly employed to evaluate the Usabil-
ity and/or UX of CSs can be of three types: generic,
i.e., they can be used to evaluate any system; devel-
oped by the authors themselves for a specific context
or study; they can be specific for CSs. We present
below some studies in which the authors used some
evaluation technologies.

Some generic technologies are used in the CS con-
text. System Usability Scale (SUS) (Brooke, 1996)
is a ten-item questionnaire that can be answered us-
ing a 5-point Likert scale to evaluate the ease of use
and learnability of the system. Another example is
AttrakDiff (Hassenzahl et al., 2003), a technology
composed of twenty-eight items to evaluate the prag-
matic quality, hedonic quality, and attractiveness of a
system. For the CS context, they can be limited to
evaluate a CS’s specificity, such as the conversation’s
rhythm.

We also found studies developing their evalua-
tion questionnaires (Di Nuovo et al., 2018; Lee et al.,
2017). On the one hand, creating questionnaires allow
evaluating aspects that the authors need for that study.
On the other hand, these developed questionnaires do
not undergo a process of empirical validation. Lazar
et al. (2017) state that experimental research is a rele-
vant approach to making systematic judgments about
a technology’s reliability.

Hone and Graham (2000) developed the SASSI
(Subjective Assessment of Speech System Interfaces)
questionnaire. SASSI consists of 34 items divided
into six categories: system response accuracy, like-
ability, cognitive demand, annoyance, habitability,
and speed (Hone and Graham, 2000). The answers
available for the items are based on a 7-point Likert
scale. Despite the importance of this technology for
the CS context, it does not consider aspects related to
user perceptions. Moreover, we have not found an up-
to-date version of SASSI since this technology was
published in 2000, and in recent years CSs have un-
dergone several modifications.

One UX-specific evaluation technology for the
CS context is SUXES (User Experience Evaluation
Method for Spoken and Multimodal Interaction) (Tu-
runen et al., 2009). SUXES is a four-stage evalu-
ation procedure: (i) introduction to the evaluation,
background questionnaire, and time reservation for
the test; (ii) introduction to the application and expec-
tation questionnaire; (iii) user experiment and expe-
rience questionnaire; and (iv) opinion questionnaire.
However, despite the relevant methodological basis,
the authors do not provide all the questionnaires’
statements. Besides, usability aspects were not con-
sidered for evaluation in this technology.

Although some technologies cited above are
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widely used in the literature, we have not identified
any efforts made to propose a technology specific to
the current CS context, and that evaluates Usability
and UX jointly. Thus, our paper focuses on describing
a novel technology that can fill these gaps: specific to
CS context and that evaluate Usability and UX jointly.

3 U2XECS

This section presents the definition of U2XECS and
how it can be used in the evaluation process of a CS.

3.1 Definition of U2XECS

First, we performed a comprehensive Systematic
Mapping Study (SMS) (Guerino and Valentim,
2020b) for non-conventional interactions. We identi-
fied 30 different Usability or UX evaluation technolo-
gies that are used in non-conventional interactions.
However, we concluded that these technologies are
generic (they can evaluate any system) and evaluate
only one quality criterion, Usability, or UX.

Then, we decided to conduct another SMS
(Guerino and Valentim, 2020a), more specific to the
CSs context. We identified 31 Usability or UX evalua-
tion technologies that are being used in the context of
CS. The analysis of these technologies revealed that
researchers usually create their evaluation question-
naires for their specific studies. These questionnaires
generally do not go through an empirical evaluation,
which can compromise and bias the results.

Based on the gaps found in the SMSs results, we
proposed the U2XECS, a questionnaire-based tech-
nology to evaluate Usability and UX jointly in CSs.
To define the U2XECS statements, we used aspects
based on ISO 9241-210 (2019) to classify the Us-
ability statements: efficiency, effectiveness, and user
satisfaction. We also used dimensions proposed by
Bargas-Ávila and Hornbæk (2011): generic UX, af-
fect/emotion, enjoyment/fun, aesthetics/appeal, en-
gagement/flow, motivation, and enchantment. We
chose these aspects mentioned above because they are
consolidated works in literature. U2XECS consists of
statements that can be answered by a 5-points Likert
scale and qualitative statements that can be answered
by text. Table 1 presents the aspects and some state-
ments of U2XECS. The complete version of U2XECS
is available in https://bit.ly/2FecMth.

3.2 Mode and Example of Use

U2XECS can be employed when developers need to
evaluate CSs with their end-users. Figure 1 illustrates

how U2XECS can assist in the CS evaluation. The
steps to use U2XECS are: (i) participants perform
tasks in the CS to be evaluated; (ii) participants re-
spond to U2XECS about the CS they used; (iii) de-
velopers analyze the responses provided by users to
identify the points to be improved in their CS. We
consider that, from these steps, the CS can have a
more friendly version that provides a relevant expe-
rience to its users.

Figure 1: Example of U2XECS use.

4 EXPLORATORY STUDY

We performed an exploratory study aiming to evalu-
ate the participants’ efficiency when identifying de-
fects in CS with U2XECS, whether participants con-
sidered U2XECS easy to use and useful, and they in-
tend to use it in the future. Moreover, we intend to
identify possible improvements for U2XECS.

4.1 Context

In this exploratory study, we selected the Amazon
Alexa application to be the object study evaluated by
U2XECS. Amazon, with its virtual assistant Alexa,
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Table 1: Aspects and some statements of U2XECS.

Aspects # Item/Statement
User Satisfaction 2. I needed to learn a lot about the system before performing these tasks with my voice.
Efficiency 10. The rhythm of voice interaction with the system was appropriate.
Effectiveness 15. The conversational system was able to recover easily from some error or mistake I made.
Generic UX 21. Performing these tasks with the voice in the system was a good experience.
Affect/Emotion 25. The system answered my interaction by voice in a friendly way.
Enjoyment/Fun 26. It was very pleasant to use voice to perform these tasks in the system.
Aesthetics/Appeal 29. The system had an innovative design that made it easier to perform tasks through voice.
Engagement/Flow 33. I felt in control of the system during the voice interaction.
Motivation 34. I felt motivated when using voice to perform these tasks in the system.
Enchantment 36. The tasks I did in the system with my voice made me enchanted with this kind of

interaction.
Qualitative 38. A positive point when using voice interaction to perform these tasks is:

, because:

is at the top of the smart speaker market since 2017,
and the trend is to continue in 2021 (eMarketer, 2020).
Only in the Play Store (Android devices), the Amazon
Alexa application was downloaded by over 50 million
users.

4.2 Participants

Thirty-three students of HCI and Software Engineer-
ing (SE) courses from three different universities par-
ticipated in the study. Participants filled out a char-
acterization form to categorize their expertise. For
system development and CS development, we con-
sidered: (i) high experience, participants who had
worked in more than five systems/CS development
projects in the industry; (ii) medium experience, par-
ticipants who had worked from 1 to 4 system/CS de-
velopment projects in industry; (iii) low experience,
participants who worked in at least one system/CS
development project in the industry; and (iv) with no
experience, participants who had no previous knowl-
edge system/CS development project or who had
some knowledge but no practical experience. For Us-
ability/UX evaluation, we considered: (a) high expe-
rience, participants who had worked in Usability/UX
projects/evaluations in the industry; (b) medium expe-
rience, participants who had worked in Usability/UX
projects/evaluations in the classroom; (c) low expe-
rience, participants who had knowledge of Usabil-
ity/UX acquired in lectures or readings; and (d) with
no experience, participants who had no knowledge
about Usability/UX. Table 2 (second, third, and fourth
column) demonstrates each participants’ categoriza-
tion. The label ’P’ and a number identify each partic-
ipant, e.g., P1 identifies participant 1.

4.3 Indicators

We defined four indicators: efficiency, ease of use,
usefulness, and intention to use.

• Efficiency: a total of defects identified by the
participant divided by the total time spent using
U2XECS to evaluate the CS.

After evaluating the Amazon Alexa application using
U2XECS, the participants answered the post-study
questionnaire based on TAM indicators (Venkatesh
and Davis, 2000) about using U2XECS. TAM is a
widely used model for assessing the acceptance of
new technologies (Marangunić and Granić, 2015).
The TAM has three indicators, which are:

• Perceived Ease of Use. Defines the degree to
which a person believes that using a specific tech-
nology would be effortless through the follow-
ing statements: (E1) My interaction with the
U2XECS is clear and understandable, (E2) Inter-
acting with the U2XECS does not require a lot
of my mental effort, (E3) I find the U2XECS to
be easy to use, and (E4) I find it easy to get the
U2XECS to do what I want it to do, to evaluate
the Usability and UX of CS.

• Perceived Usefulness. Defines the degree to
which a person believes that technology could
improve their performance through the following
statements: (U1) Using the U2XECS improves
my performance in the evaluation of Usability and
UX of CS, (U2) Using the U2XECS in the eval-
uation of Usability and UX of CS increases my
productivity, (U3) Using the U2XECS enhances
my effectiveness in the evaluation of Usability and
UX of CS and (U4) I find the U2XECS to be use-
ful in the evaluation of Usability and UX of CS.
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• Intention to Use. Defines the degree to which a
person believes they would use the technology in
future projects through the following statements:
(I1) Assuming I have access to the U2XECS, I
intend to use it and (I2) Given that I have access
to the U2XECS, I predict that I would use it.

We also used one open-ended question to extract fur-
ther improvements for U2XECS: In your opinion,
how could the U2XECS be improved?

4.4 Instrumentation

We used some artifacts (all available on Google
Forms) to support the exploratory study: (i) a consent
form2, to ensure the confidentiality and privacy of the
data collected; (ii) the characterization form3, which
had questions to characterize the expertise about the
development and evaluation of systems; (iii) the in-
struction sheet4, containing the tasks to be performed
by participants in the study; (iv) the U2XECS5; and
(v) a post-study questionnaire6 containing TAM indi-
cators and one open-ended question.

4.5 Preparation

Before execution, we conducted training with the par-
ticipants. We presented to them about Usability and
UX evaluation, CSs, and U2XECS. We performed a
30-minute presentation on the topics mentioned. Ex-
amples of CSs, Usability/UX evaluation technologies,
and the U2XECS were provided. At the end of each
presentation, the authors answered doubts from the
participants about the concepts covered.

4.6 Execution

Due to the pandemic caused by COVID-19, the study
had to be adapted for online context. We conducted
a meeting for each class by Google Meet7. After
preparing the participants, we sent the instructions
where we describe the activities and tasks to be per-
formed. The participants executed the activities and
tasks and sent an instruction document containing the
name and time spent on tasks. The answers to the
other artifacts were all recorded by Google Forms.
The participants performed the following steps in the
study:

2Consent Form: https://bit.ly/3bMEHwg
3Characterization Form: https://bit.ly/2ZvCZdT
4Instruction Sheet: https://bit.ly/3k9cYc8
5U2XECS: https://bit.ly/2FecMth
6Post-study Questionnaire: https://bit.ly/33eyw0g
7https://meet.google.com/

• STEP 1

– Participants agreed to the consent form and answered
the characterization questionnaire;

• STEP 2

– By cell phone, the participants downloaded and con-
figured the Amazon Alexa application;

– Participants noted the initial time;
– Participants did the following tasks in the Amazon

Alexa application:
∗ Ask Alexa: “Alexa, what things can I try?”
∗ Ask Alexa when is the independence day;
∗ Ask Alexa to spell the word “Pumpkin”;
∗ Ask Alexa what the word “Measurement” means;
∗ Ask Alexa who is “Elon Musk”;
∗ Ask Alexa the weather forecast in her city;
∗ Ask Alexa about the weather in Curitiba;
∗ Ask Alexa how many days are left for Christmas;
∗ Ask Alexa how much is 756 divided by 9;
∗ Ask Alexa how much Brazilian money is 25 dol-

lars.
– After finishing the tasks above, participants eval-

uated the Amazon Alexa application through
U2XECS;

– After answering the U2XECS, the participant noted
the final time;

• STEP 3

– After using the U2XECS, participant evaluated
U2XECS about its ease of use, usefulness, and inten-
tion to use, and answered the open-ended question;

5 RESULTS

5.1 RQ1. Participants’ Efficiency

Table 2 shows the overall results of the participants’
evaluation. We verified that participants identified be-
tween 0 and 9 defects in the Amazon Alexa applica-
tion, and they spend between 9 and 70 minutes. P4
obtained greater efficiency compared to other partic-
ipants, identifying about 16.80 defects per hour. We
noticed that most of the participants who had the high-
est efficiency (P2, P4, P10, and P24) had medium
experience with Usability and UX evaluation, which
may have helped identify defects. On the other hand,
most participants with low efficiency (P3, P7, P14,
P17, and P23) had none or low experience with Us-
ability and UX evaluation, which may have influenced
the identification of defects in the application.

The researchers analyzed all the participants’ re-
sponses to consider defects or not. Considering du-
plicates, participants described 100 defects that they
identified in the Amazon Alexa application through
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Table 2: Summary of characterization and identification of defects by participants.

Partic. SD CSD UUXE # Disc. # False Pos. # Defects Time (min) Defects/Hour
P1 Low None Low 4 1 3 21 8.57
P2 Medium None Medium 10 1 9 35 15.43
P3 Low None Low 0 0 0 30 0.00
P4 None None None 7 0 7 25 16.80
P5 None None None 5 0 5 23 13.04
P6 Low None Low 4 0 4 22 10.91
P7 Medium None Low 1 0 1 29 2.07
P8 Medium None Low 2 0 2 52 2.31
P9 Medium Low None 4 1 3 31 5.81
P10 Low None Medium 6 0 6 24 15.00
P11 None None Medium 0 0 0 10 0.00
P12 None None None 3 0 3 67 2.69
P13 Low None Medium 3 0 3 70 2.57
P14 None None Low 2 0 2 62 1.94
P15 Low Medium Medium 6 0 6 46 7.83
P16 None Low Low 4 0 4 22 10.91
P17 None None Low 1 1 0 15 0.00
P18 None None Medium 6 1 4 31 7.74
P19 Low Low Medium 3 0 3 46 3.91
P20 Low None Low 1 0 1 23 2.61
P21 Low None Medium 2 0 2 56 2.14
P22 None None None 1 0 1 14 4.29
P23 None None None 2 1 1 29 2.07
P24 Low None Medium 5 1 4 15 16.00
P25 Low Low Medium 4 0 4 31 7.74
P26 Low None None 4 1 3 25 7.20
P27 Low None Medium 1 0 1 29 2.07
P28 Low None Medium 2 0 2 9 13.33
P29 Low None Low 3 0 3 11 16.36
P30 Low None Medium 2 0 2 20 6.00
P31 Low None Medium 3 1 2 48 2.50
P32 Low None Medium 6 1 5 46 6.52
P33 Low None Medium 4 0 4 44 5.45

Legend - SD: Experience in System Development; CSD: Experience in Conversational System Development; UUXE: Expe-
rience in Usability/User Experience Evaluation; Disc: Number of discrepancies; False Pos: Number of false positives.

U2XECS. Without considering the duplicates, 48 dif-
ferent defects were identified. Examples of these de-
fects are “I did not feel so confident because of the
wrong answer the assistant gave”, “Alexa did not re-
turn suggestions for correcting the word she did not
identify”, and “There are many icons that can make
learning difficult”. Besides, we have observed that
students have identified few false positives (Table 2).

5.2 RQ2. Participants’ Perceptions
based on Ease of Use, Usefulness,
and Intention to Use

The analysis of participants’ perception of this study
was based on the TAM statements. Figure 2 illustrates
the overall results obtained in this study.
Perceived Ease of Use. The results indicate that par-
ticipants realized the U2XECS is easy to use. Re-
garding E1, 88% of participants (N = 29) agreed or

partially agreed that interaction with the U2XECS
was clear and understandable. Related to E2, 58% of
participants (N = 19) agreed or partially agreed that
U2XECS did not require a lot of mental effort. Still,
in relation to E3, 79% of participants (N = 26) agreed
or partially agreed that U2XECS was easy to use.
Moreover, in E4, 85% of participants (N = 28) agreed
or partially agreed that they found the U2XECS easy
to use for what it has to do, to evaluate the Usability
and UX of a CS.

However, we verified that in E2, some participants
did not provide a positive response to the U2XECS.
About 42% of participants (N = 14) did not agree or
disagree, or partially disagreed or even totally dis-
agreed that U2XECS did not require a lot of mental
effort. This result indicates that a relevant mental ef-
fort was required for several participants to respond
to the U2XECS. The size of the U2XECS could be a
factor that influenced this mental effort request.
Perceived Usefulness. The TAM results indicate that
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Figure 2: Overall results on U2XECS obtained with TAM.

the participants realized the usefulness of U2XECS
but have not yet convinced of it. Regarding U1, a
balance was identified in the participants’ opinions.
About 52% of participants (N = 17) agreed or par-
tially agreed that U2XECS could improve their per-
formance in evaluating the Usability and UX of CS.
However, 48% of participants (N = 16) neither agreed
nor disagreed about the performance increase. Re-
lated to E2, positive results were more present. About
70% of participants (N = 23) agreed or partially
agreed that using U2XECS can increase productivity.
In relation to E3, we noticed a balance between the re-
sponses. About 61% of participants (N = 20) agreed
or partially agreed that U2XECS could enhance the
effectiveness of the evaluation of Usability and UX of
CS. On the other hand, 39% of participants (N = 13)
did not agree or disagree. Finally, at U4, about 82%
of participants (N = 27) consider U2XECS useful in
evaluating the Usability and UX of CS.

Negative responses regarding the usefulness of
U2XECS may be related to the experience of our par-
ticipants. As demonstrated in Table 2, some partic-
ipants had none or low experience with Usability or
UX evaluation. Moreover, most participants had none
experience with CS development. Due to these fac-
tors, some participants did not find U2XECS useful.
Intention to Use. The results of the TAM indicate
that participants intend to use U2XECS in the future.
However, we also noticed that some participants were
unsure about the future use of U2XECS. Regarding
I1, 67% of participants (N = 22) agreed or partially
agreed that having access to the U2XECS, they would
use the technology. On the other hand, 33% of partic-
ipants (N = 11) neither agreed nor disagreed, partially
disagreed, or even totally disagreed with the technol-

ogy’s future use. Related to I2, 64% of participants
(N = 21) agreed or partially agreed that having access
to the U2XECS, they predict that they would use it on
other occasions. However, 36% of the participants (N
= 12) neither agreed nor disagreed, or partially dis-
agreed, or even totally disagreed with the prediction
of using U2XECS.

The same factors that influenced the easy of use
and usefulness indicator also influenced the intentions
to use. The low experience, especially with CS, may
have influenced the negative responses since some
participants have never participated in CS develop-
ment and have no intention to participate, influencing
the opinion about the intention to use.

5.3 RQ3. Improvements Suggested

The qualitative analysis was based on the reading of
all open-ended responses. We classified the results
into three categories: questionnaire benefits, negative
points, and suggestions for improvement.

5.3.1 Questionnaire Benefits

The participants enjoyed the U2XECS and its char-
acteristics, such as the composition of the statements,
usefulness, and structure. Participants liked the clar-
ity of the statements and the format they are displayed
(see P5 quotation). They also identified some useful
points of the U2XECS and how it can support the re-
searcher using it (see P9 quotation). Moreover, the
structural division between Usability and UX pleased
the participants (see P27 quotation).
• “As a benefit, the U2XECS makes clear the statements

and what it is analyzing.” [P5]
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• “The U2XECS made me questions about points of the
application that sometimes I ignore without wanting
to.” [P9]

• “I had no difficulties with the U2XECS; the statements
were very clear and well-grouped in specific topics.”
[P27]

5.3.2 Negative Points

The negative points that the participants identified in
the U2XECS were about the questionnaire’s size and
difficulty in understanding some statements. Partici-
pants found the questionnaire relatively long (see P1
quotation), which left them tired (see P8 quotation).
Besides, participants mentioned the difficulty of un-
derstanding some statements (see P4 quotation) and
the repetition of some of them (see P10 quotation).
• “The questionnaire is very long, which makes it tiring

near the end.” [P1]

• “The questionnaire is too big; it made me bored.” [P8]

• “The U2XECS is easy to use but tiring since the texts
are long and sometimes difficult to understand.” [P4]

• “It is a bit extensive, and some statements are a bit sim-
ilar.” [P10]

5.3.3 Suggestions for Improvement

Participants contributed by suggesting improvements
to the U2XECS regarding functionality, response
types, and overall structure. Some of these sugges-
tions were implemented in the updated version of
U2XECS (see Appendix A) and is discussed in the
Discussion Section. Other suggestions will be bet-
ter analyzed for future implementation. Participants
suggested that statements could be answered by voice
(see P5 quotation). Finally, participants suggested
reducing the textual responses (see P32 quotation)
and mentioned that each aspect’s qualitative statement
should be optional (see P8 quotation).
• “U2XECS could implement voice evaluation features,

such as answering a question through speech, which
would help shorten filling time.” [P5]

• “Elaborate statements that can replace statements that
require textual answers (reduce textual answers) but
maintain the questionnaire’s effectiveness.” [P32]

• “The justification at the end of each section of the as-
pect should be optional.” [P8]

6 DISCUSSION AND
IMPROVEMENT OF U2XECS

The study has contributed to the identification of im-
provements to our technology. U2XECS has gone

through an evolutionary process and can be seen in
Appendix A. In this section, we will discuss the study
results and how they have influenced our decisions.

First, we realized that qualitative statements at the
end of U2XECS may leave their use boring since the
participant requires much time to read all the state-
ments and still has to write about them. Besides, qual-
itative statements at the end may generate repeated
defects, i.e., defects that have already been identified
along the U2XECS. Therefore, we have decided to re-
move the qualitative statements at the end of U2XECS
and leave them only at the end of each set of state-
ments by the Usability/UX aspect.

We identified that the most significant negative
points were the questionnaire’s size and similar state-
ments. Therefore, we decided to remove some state-
ments from the U2XECS to address these identified
suggestions. The statement withdrawal process was
based on three choices: (i) statements from aspects
that identified false positives; (ii) statements that did
not directly contribute to the identification of defects;
and (iii) statements that could be similar.

We have noticed that statements of motivation and
enchantment have contributed to the identification of
false positives. The false positives identified with the
U2XECS were the considerations that the participants
made but did not characterize a defect. For instance,
in response to the enchantment aspect, a participant
answered: “I would be more enchanted if I had a
real-time transcription of the speech”. This contri-
bution is not a defect because the lack of real-time
transcription is not a negative aspect of the system.
Therefore, it was characterized as a false positive. We
have decided to withdraw some statements regarding
motivation and enchantment aspects, which are: “I
think I would use voice interaction regularly in this
system instead of any other kind of interaction” and
“The tasks I did in the system with the voice made me
enchanted with this kind of interaction”. We realized
that they do not encourage participants to judge the
CS because they depend on the user’s preference to
use the voice to perform the actions.

Then, we reread all the remaining statements in
the U2XECS to reduce the questionnaire’s size. We
also identified another question that we decided to re-
move, this time in the generic UX aspect: “I have
never had a voice interaction experience like I did
when performing these tasks in the system”. This
question was removed because it does not judge the
CS being evaluated in the study but compared the use
with the participant’s experience.

We also analyzed the statements that could be sim-
ilar. We excluded the Enjoyment/Fun aspect: “It was
very boring to use voice to perform these tasks in the
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system”. This question can be considered the opposite
of the question about pleasure: “It was very pleasant
to use voice to perform these tasks in the system”. In
other words, the participant who found the interaction
boring, by logic, did not find it pleasant.

We also identified statements that could generate
ambiguity in the participants’ opinions. One of them
was from the efficiency aspect: “During my voice
interaction with the system, I had to repeat several
commands”. The other, from the effectiveness aspect:
“The voice interaction system forced me to use key-
words”. These statements were removed because CS,
by nature, uses keywords to be triggered (e.g., “Hey,
Siri!” and “Ok, Google”). However, this is not a de-
fect of this type of systems, but a CS characteristic.

Summarizing, the improvements for the current
version of U2XECS were: (i) removal of qualitative
statements at the end of U2XECS, leaving only at the
end of each aspect; (ii) removal of two statements that
identified false positives; (iii) removal of one state-
ment that did not judge the CS approved, but rather
the previous experiences; (iv) removal of one state-
ment that could be repeating the meaning of others;
and (v) removal of two statements that could generate
ambiguous opinions in participants.

7 THREATS TO VALIDITY

Some threats could affect our study validity, and we
discussed them in this Section. We have classified
the threats according to Wöhlin et al. (Wohlin et al.,
2012): internal, external, conclusion, and construct.
Internal Validity. In our study, we considered two
main threats that risk for an inadequate interpretation
of the results: (1) the effects of training and (2) the
classification of experience. There could be a train-
ing effect if U2XECS training was conducted differ-
ently depending on the class. We control the train-
ing effects by using the same material for all classes
and removing all doubts as they arise. Regarding the
participant’s experience, this was based on the self-
classification. They self-classified according to the
number and type of previous experiences with system
and CS development, and Usability/UX evaluation.
External Validity. One threat was considered, the
participants were undergraduate students, and few
participants had experience in the industry. Carver
et al. (Carver et al., 2004) state that students who do
not have industry experience may have similar skills
to less experienced evaluators.
Conclusion Validity. Another threat is that the study
was conducted remotely, obeying the social isolation
caused by the COVID-19 pandemic. We could not

control the bias caused by external factors. Some el-
ements outside the scenario may have disturbed the
results, e.g., a noise outside the room or a interruption
during the study’s execution. However, based on the
results, we consider that participants fulfilled all the
tasks and contributed to our technology’s evolution.
Construct Validity. Two threats were considered: (1)
guesswork of goals and results, and (2) apprehension
of evaluation. Regarding (1), the participants could
try to determine the goal and the result intended by
the researchers. They could base their assumptions
about the results, positively or negatively, depend-
ing on their attitude towards the anticipated goals.
To reduce this threat, participants were told several
times that there were no answers expected by the re-
searchers and that we wanted to evaluate our technol-
ogy. Regarding (2), some participants may be afraid
of being evaluated. One way of human tendency is to
try to look better when evaluated, which can bias the
results. To mitigate this threat, we explained to the
participants that there was no right or wrong answer
and that the important was their opinion.

8 CONCLUSION

We presented the U2XECS technology and a study
conducted in the process of proposal and evolution of
our technology. The quantitative results of the TAM
indicators pointed out that most participants found
U2XECS easy to use and useful and intended to use
it in the future. From the qualitative analysis, we
checked the faulty points of U2XECS, mainly related
to the questionnaire’s size. Therefore, we proposed
the updated version of U2XECS, a smaller and opti-
mized version, without losing the specificity for CS.

Overall, U2XECS contributions are: (a) can be
applied in evaluations with potential users before
making the CS available to society; (b) assists devel-
opers in identifying defects in CSs based on Usability
and UX aspects; (c) the development team can focus
on solving the real problems identified in the evalua-
tion; (d) the time to release the product to market de-
creases, as Usability and UX problems are identified
and corrected during the CS development.

Two studies with industry professionals will guide
future works. First, we will make our technology
available for the professionals to inspect. Then we
will interview each one to verify their opinions. Sec-
ond, we will evaluate the U2XECS in a real context of
use, assisting a group of professionals developing and
evaluating a CS. We hope that U2XECS can assist CS
developers in their evaluations with potential users.
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APPENDIX A

Updated Version of U2XECS

Table 3: Aspects and statements of the updated version of U2XECS.

User Satisfaction
1 2 3 4 5

1. It was easy to use voice to perform the tasks in this system.
2. I did not need to learn a lot about the system before performing these tasks with my voice.
3. I was able to familiarize myself with the system when I first used it.
4. I felt satisfied using my voice to perform these tasks.
5. The system behaved the way I expected during the voice interaction.
6. I found it easy to understand how to interact by voice in the system.
7. It was easy to become skilled when using the system.
* Based on the statements above and your answers, describe the satisfaction issues you identified in the system.

Efficiency
8. The system immediately responded to my voice interaction.
9. I would frequently use voice to perform these tasks in the system.
10. The rhythm of voice interaction with the system was appropriate.
11. I was able to complete my tasks with voice interaction in a time that I believe is reasonable.
* Based on the statements above and your answers, describe the efficiency issues you identified in the system.

Effectiveness
12. The system recognizes what I said during my voice interaction.
13. The system was able to recover quickly from some error or mistake I made.
15. When the data entered in the system was inconsistent or ambiguous, the system requested
more information.
16. From the novice users’ point of view, the system has led the interaction by voice in the
right way.
16. From the novice users’ point of view, the system has led the interaction by voice in the right
way.
17. For advanced users, the system allowed a large amount of input data at once.
18. The speed of my internet does not influence the system outcomes.
* Based on the statements above and your answers, describe the effectiveness issues you identified in the system.

Generic UX
19. Performing these tasks with the voice in the system was a good experience.
20. The system can handle my accent and language characteristics.
* Based on the statements above and your answers, describe the generic UX issues you identified in the system.

Affect/Emotion
21. I felt discouraged when using voice to perform these tasks in the system.
22. I did not feel confident when using voice to interact with this system.
23. The system answered my interaction by voice in a friendly way.
* Based on the statements above and your answers, describe the affect and emotion issues you identified in the system.

Enjoyment/Fun
24. It was very pleasant to use voice to perform these tasks in the system.
25. I had fun using my voice to perform these tasks in the system.
* Based on the statements above and your answers, describe the enjoyment and fun issues you identified in the system.

Aesthetics/Appeal
26. The system had an innovative design that made it easier to perform tasks through voice.
27. Using voice to perform the tasks attracted me to use the system.
* Based on the statements above and your answers, describe the aesthetics/appeal issues you identified in the system.

Engagement/Flow
28. I concentrate on doing the tasks when using voice interaction.
29. I felt in control of the system during the voice interaction.
* Based on the statements above and your answers, describe the engagement/flow issues you identified in the system.

Motivation
30. I felt motivated when using voice to perform these tasks in the system.
* Based on the statements above and your answers, describe the motivation issues you identified in the system.
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