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Abstract Chatbots are interactive systems that communicate using natural language with human users, via a tex-
tual interface or voice activation. These tools are useful for many spheres of business such as Customer Service,
Sales, Education and Learning, Health and Entertainment. Recently, chatbots have become popular, with significant
growth in the software industry, especially text-based chatbots. This is encouraging developers to create their own
tools, as well as attracting efforts from researchers into this area. Despite this highlight, technologies to guarantee
the quality of chatbots and user satisfaction are not keeping up with the growing demand for these tools. Consid-
ering this, there is a need to propose technologies capable of supporting developers and development teams in the
process of building and evaluating chatbots. Therefore, this research proposes to develop artifacts applicable to
the design and evaluation process of chatbots, based on quality attributes identified in systematic literature reviews
related to Usability and User Experience (UX), due to the importance and impact that these aspects have on user
satisfaction and the perceived quality of the system. The first artifact is the U2Chatbot inspection checklist, devel-
oped to assist development teams in the process of identifying defects in text-based chatbots. The second artifact is
a set of interface design patterns, DP-U2Chatbot, containing useful examples to support developers in the process
of building chatbots. The technologies were subjected to the necessary evaluations. The results of the empirical
study regarding the U2Chatbot inspection checklist indicated that participants considered the technology useful for
discovering defects in chatbots, however, ease of use could be improved. The participants’ experience discreetly
influenced the effectiveness and efficiency of the technique, leading us to believe that professionals with a certain
level of inspection experience can benefit more from the checklist. Regarding the evaluation of DP-U2Chatbot
design patterns, the results generally indicated that the technology is easy to understand and useful in supporting
the design of chatbots, helping to build better tools.
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1 Introduction

Chatbots are computer interactive systems developed to in-
teract with humans in natural language [Sharma et al., 2017].
Some purposes for this type of system include entertain-
ment, education, healthcare, customer service, and business
[Georgescu et al., 2018; Sperlí, 2020; Rahman et al., 2017;
Rosruen and Samanchuen, 2018]. The term chatbot is widely
used and covers intelligent bots, conversational agents and in-
telligent personal assistants [Adamopoulou and Moussiades,
2020; Motaung, 2022].
The approach most used by chatbots is text-based, how-

ever, these tools can integrate voice and graphic animation
that portray humanity [Radziwill and Benton, 2017]. Fur-
thermore, they can be simple just based on pre-established
rules and keywords [Gomes et al., 2020] or use complex ar-
tificial intelligence concepts. Currently, Intelligent Personal
Assistants - IPAs are on the rise, such as Amazon’s Alexa tool
[Brill et al., 2019], however, text-based chatbots are still the

most widespread on the market [Thorat and Jadhav, 2020;
Rapp et al., 2021] and lead users’ preference, according to
the study by [Ciechanowski et al., 2018].
Recently, the popularity of chatbots has increased, generat-

ing a high demand for these tools [Sharma, 2021; Chaves and
Gerosa, 2021]. This growth creates the opportunity to pro-
pose solutions that help these tools to be developed with qual-
ity, satisfying users who are increasingly demanding [Muñoz
and Avila, 2019], in addition to helping and facilitating the
work of developers. As with other systems, it is important
that chatbots reach a certain level of quality to be truly useful
for their users [Guerino and Valentim, 2020]. To this end, ap-
plying evaluation techniques considering aspects of Usabil-
ity and User Experience (UX) before the system is launched
on the market can contribute to the quality of the software
[Madan and Dubey, 2012].
Both Usability and User Experience are considered deter-

mining factors for the success of an interactive system [Has-
san and Galal-Edeen, 2017; Cruz et al., 2015]. Usability can
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be defined according to ISO 9241-11 as the extent to which
a product can be used by users to achieve specific objectives
of effectiveness, efficiency and satisfaction, in a given con-
text of use. UX, in turn, refers to a user’s perceptions and
reactions when interacting with a system or product, being
influenced by factors such as the context of use, function-
ality, performance, presentation, interactive behavior of the
system, in addition to factors such as personality, skills, expe-
riences, internal and physical state of the user [Mirnig et al.,
2015]. However, it is noted that there is still a lack of evalua-
tion and support technologies for chatbot design, which unite
these concepts and which have been subjected to appropriate
empirical evaluations [Guerino and Valentim, 2020].
Considering the above, this research aims to contribute

to the design and evaluation process of chatbots, proposing
artifacts focused on Usability and User Experience that im-
prove the quality of these tools from the point of view of end
users. The first artifact is an inspection checklist to identify
defects in text-based chatbots, a verification/evaluation tech-
nique that does not require a complete version of the system,
and can be used before the release of the software on the
market. In this way, it can contribute to reducing the costs
of correcting identified defects [Frazao et al., 2020; Alsayed
et al., 2017]. Furthermore, there is a proposal to develop a set
of Design Patterns (guides) aimed at the chatbot design pro-
cess, providing general solutions to problems that frequently
occur in a given context in the software project [Gomes et al.,
2021] and achieve assist developers in the design process of
these tools.
This study is divided as follows: Section 2 presents a brief

contextualization and the work related to this research. Sec-
tion 3 presents a summary of the stage of identifying the
quality attributes that will make it possible to propose the
artifacts. Section 4 presents the process of creating the in-
spection checklist. Section 5 shows the procedures adopted
to evaluate the checklist. Section 6 presents the conception
of design patterns (UI) for chatbots and Section 7 shows the
results of the technology assessment. Section 8 brings some
important points to be highlighted. Finally, the conclusions
of this study can be found in Section 9.

2 Current Status and Related works
Currently, intelligent chatbots launched in the industry are
increasingly sophisticated. With the use of machine learn-
ing and artificial intelligence concepts (NLP, for example),
current chatbots are complex and can perform multiple tasks
[Sharma and Joshi, 2020], [Reicherts et al., 2022]. Despite
technological developments, chatbots available in the indus-
try often fail to satisfy users. When looking at comments
from chatbot users in the Google Play App Store, for exam-
ple, it is possible to find several user complaints. Complaints
include poor performance, unnatural interactions, inadequate
responses, difficulty understanding complex questions and
lack of customization options [Mafra, 2023], which can frus-
trate users and damage the reputation of the company or busi-
ness that the chatbot represents.
With the aim of contributing to the understanding and res-

olution of these problems, researchers have proposed studies

focused on Usability and User Experience for chatbots, as
both concepts are related to user satisfaction. One of these
works is that of Barbosa et al. [2022], which carried out
an exploratory study on User Experience evaluation meth-
ods in chatbots. Another work to be highlighted is that of
De Souza Monteiro et al. [2023], which investigated the Us-
ability of national and international chatbots. To propose
technologies capable of improving Usability and User Expe-
rience in chatbots, one approach is to identify important qual-
ity attributes for chatbots. The work of Radziwill and Benton
[2017] states that quality attributes can be used as checklists
by development teams in inspections to evaluate whether
the system addressed essential requirements. Assessment
methods like this help reviewers in the process of discover-
ing defects in software products [Brykczynski, 1999] before
the chatbot is launched on the market, contributing to reduc-
ing costs with correcting identified defects [Alsayed et al.,
2017].

As an example of work that presents an evaluation method
based on checklist inspection, we can mention Sugisaki and
Bleiker [2020], which presents a technology composed of 53
useful verification items for evaluating conversational inter-
faces based on Nielsen’s heuristics . The proposed technol-
ogy was submitted for evaluation by 15 professionals who
analyzed each item and answered a questionnaire about the
relevance of each one and how efficient, pleasant, conve-
nient and effective the checklist was. The results indicated
that 80% of the checklist items were considered relevant, but
some verification items were highlighted by the reviewers as
very technical and difficult to understand.

The Borsci et al. [2021] research, in turn, also proposed
a checklist to evaluate usability in chatbots with artificial
intelligence, Bot-Check. The technique with 42 verifica-
tion items, different from the work of Sugisaki and Bleiker
[2020], was not based on Nielsen’s Heuristics, but used at-
tributes from the literature review taken from the work of
Radziwill and Benton [2017]. The list of quality attributes
was validated by chatbot designers and end users to find out
which items would be kept or removed from the list. Subse-
quently, the Bot-Check scale was validated with 141 partici-
pants to identify its relevance. The results indicated that the
proposed scale can be used by designers as a tool to ensure
quality in chatbot design before testing with end users.

The related works presented demonstrate that there are ef-
forts to improve Usability and User Experience in chatbots.
Furthermore, the techniques presented are useful and impor-
tant for evaluating chatbots, however, they mainly focus on
evaluating Usability, encompassing few aspects of User Ex-
perience (UX). Therefore, considering the results of the stud-
ies presented previously and the importance of quality at-
tributes to propose new technologies [Radziwill and Benton,
2017], it is necessary to carry out a study that identifies qual-
ity attributes also focused on the user experience for conver-
sational agents in conjunction with attributes of usability, so
that evaluation techniques focused on both concepts can be
proposed. This process of identifying quality attributes fo-
cusing on Usability and User Experience for chatbots can be
found in the following section.
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3 Identification of Quality Attributes
The technology development process began with a literature
review with the aim of identifying works that reported rel-
evant quality attributes for chatbots and that were focused
on the concepts of Usability and User Experience. It is im-
portant to emphasize that the objective of this article is not to
present in detail the process of planning and executing the lit-
erature review, but rather the results obtained from it. Details
of the systematic literature review can be found in a Techni-
cal Report at this link.
When planning the review, research criteria were devel-

oped, which included works that addressed attributes related
to Usability and UX for text-based chatbots and excluded
works that did not meet this criterion, works outside the En-
glish or Portuguese language, publications that weren’t sci-
entific articles, in addition those that are repeated or unavail-
able for download/access. The search string defined for this
review was constructed using keywords and synonyms taken
from the works of Coppola and Ardito [2021]; Suhaili et al.
[2021]; Guerino and Valentim [2020]; Cabrejos et al. [2018]:
((“Attribute” OR “Feature” OR “Characteristic” OR “As-
pect” OR “Heuristic” OR “Principle” OR “Requirement”)
AND (“Chatbot” OR “Conversational User Interface” OR
“Conversational Agent”) AND (“Usability” OR “Usable”
OR “User Experience” OR “UX”)). The database selected
to search for scientific articles was Scopus, as it is a robust
and reliable scientific library [Codina, 2005], which indexes
publications that are present in other libraries such as IEEE
and ACM Digital Library.
Regarding the selection period, articles published until

February 2022were considered. In total, 185 articles were re-
turned and, after applying all inclusion and exclusion filters,
18 articles in total were selected, which provided 313 quality
attributes generics related to Usability and User Experience
for text-based chatbots. We chose to focus on generic at-
tributes so that technologies developed with the identified at-
tributes could cover different types of chatbots, which would
not occur with the use of specific attributes for a given type
of chatbot, for example, anamnesis attributes specific to med-
ical chatbots. Some of these attributes can be found in Table
1.
We can see in Table 1 that there are a variety of quality

attributes identified in the literature review, even though the
table is summarized. It is possible to identify attributes of
Humanity, such as “Small Talk”, “Maintenance of Context”,
of Accessibility, such as “Ease of Use”, of Affection, such as
“Empathy” and “Expression of Emotions”, etc.

During the analysis of the 18 publications selected in the
systematic literature review, we identified 5 scientific arti-
cles that describe evaluation techniques for chatbots and pro-
vide most of the quality attributes identified in the study, that
is, of the 313 attributes identified, only 5 articles were respon-
sible for provide 173 quality attributes. Considering this, we
realized the importance of carrying out a second literature
review to identify other chatbot evaluation techniques that
could also contribute with more important quality attributes
for chatbots focused on Usability and UX, in order to avoid
fundamental aspects not being discovered. We chose to keep
the two literature reviews separate so that the results could

Table 1. Excerpt from the Quality Attributes SLR

Paper Quality Attributes
A006 Context Understanding, Help Options, Em-

pathy, Natural Language, Typing Error Un-
derstanding, etc.

A013 Correct answers, Context Maintenance,
Appropriate vocabulary, Ability to deal
with clarifying questions, etc

A014 Humanity, Empathy, Data security, Good
performance, Ease of Use, User Satisfac-
tion, Relevant answers, etc.

A015 Persistent menu, Quick Response Buttons,
Pleasant personality and Explanation of the
type of input expected.

A016 Follow-up questions, Small Talk,
Choosing sophisticated words and
well-constructed sentences, Express-
ing emotions, etc.

benefit two audiences, a group that only seeks UX and Us-
ability quality attributes for chatbots and another group that
seeks information about chatbot evaluation techniques.
To carry out the second systematic literature review, re-

search criteria were also developed that included works that
addressed evaluation techniques for chatbots that focused
on the concepts of Usability and UX for text-based chat-
bots and excluded works that did not meet this criterion, ar-
ticles in other language other than English or Portuguese,
publications that weren’t scientific articles and those that
were repeated or unavailable for download/access. The
search string constructed for this review, in turn, used key-
words and synonyms taken from the works of Denecke and
Warren [2020]; Coppola and Ardito [2021]; Suhaili et al.
[2021]; Guerino and Valentim [2020]; Cabrejos et al. [2018]:
((“Technique” OR “Instrument” OR “Tool” OR “Checklist”
OR “Questionnaire” OR “Approach” OR “Method” OR
“System” OR “Scale” OR “Scheme” OR “Framework” OR
“Model”) AND (“Evaluation” OR “Assessment” OR “Mea-
surement” OR “Testing” OR “Recognition” OR “Measure”
OR “Evaluating” OR “Tracking” OR “Assess”) AND (“Us-
ability” OR “Usable” OR “User Experience” OR “UX”)
AND (“Chatbot” OR “Conversational User Interface” OR
“Conversational Agent”)). The database selected to search
for scientific articles was also Scopus, as in the first litera-
ture review.
The selection period also took place at the beginning of

2022 and we considered articles published until April 2022.
In total, 272 articles returned and, after applying the inclu-
sion and exclusion filters, 14 articles were selected that pre-
sented evaluation techniques related to Usability and User
Experience for text-based chatbots. These publications pro-
vided 273 generic quality attributes. An excerpt with part of
these attributes can be found in Table 2 below.
In Table 2 it is possible to find different types of attributes,

which include Subject Maintenance, Simple language, Con-
versation Tips, Linguistic Accuracy, Responses in a reason-
able time, Ease of Use, and others. Comparing this set of
attributes with those discovered in the first review, a much
smaller number of quality attributes referring to factors such
as Humanity and Affection aimed at chatbots were observed.

https://tinyurl.com/ComplementaryResearchMaterials
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Table 2. Excerpt from the Results of the second SLR

Paper Evaluation Techniques and Attributes
B004 Subject maintenance, Appropriate linguis-

tic register, Conversation Tips, Ability to
deal with inappropriate utterances and dam-
age control, etc.

B011 Realistic and engaging personality, Avoid
appearing too robotic, Ease of Navigation,
Ability to give useful, appropriate and in-
formative responses, etc.

B016 Responsiveness, Simple language, Linguis-
tic Accuracy, Use of bright colors for fonts,
Provision of reliable information, etc.

B018 Ease of Use, Well-integrated functions,
Easy to learn how to use, Avoid being
unnecessarily complex, Avoid inconsisten-
cies, etc.

B019 Response in reasonable time, Operation in
parallel with other software without losing
performance, Use of resources efficiently,
Satisfactory graphical interface, etc.

Despite this, this complementary review allowed us to dis-
cover attributes such as Use of bright colors for fonts, Re-
sponsiveness, Operation in parallel with other software with-
out losing performance, Well-integrated functions.
With the two lists of quality attributes identified in the first

and second Systematic Literature Review, it becomes possi-
ble to propose useful technologies to evaluate and assist the
design of intelligent chatbots. More information about the
systematic literature reviews presented is in the link. The
following section presents the process of creating the inspec-
tion checklist to identify defects in chatbots.

4 U2CHATBOT Checklist Inspection
To develop the inspection checklist useful for evaluating and
identifying defects in chatbots, the following steps were con-
sidered, according to the methodology used in the work of
Frazão [2021]: (1) identification of quality attributes to chat-
bots related to Usability and User Experience in systematic
literature reviews. (2) analysis of the identified quality at-
tributes, grouping similar ones and organizing them in an in-
spection checklist.
This first step is described in Section 3. The second stage

was the analysis of lists of attributes obtained from system-
atic literature reviews. The first list discovered contained 313
quality attributes and the second list contained 273 quality
attributes. When analyzing the two lists, we observed the
presence of items that were the same or that established a re-
lationship, generating the need to group these similar and/or
related attributes to reduce redundancies. As an example
of similar items capable of being grouped, there are the at-
tributes: (A006) Permanent menu and help options; (A015)
Use of persistent menu (Help, Menu, I’m lost); (A060) Chat-
bot offers permanent menu and help option; (A031) The help
page is helpful. All these attributes refer to help options and
access to documentation.
As a grouping of related items, we have as an example of

suitable attributes: (A006) Ability to carry out small talk to
remedy the problem of artificial conversations; (A016) The
chatbot knows how to deal with when small talk is not the
user’s style; (A013) Does the chatbot handle generic and
off-topic requests (e.g. small talk) appropriately?; (A025)
Can the chatbot maintain focus during the conversation? Al-
though these items are not the same, they were grouped to-
gether because they establish a relationship linked to the fo-
cus aspect, as some refer to the use of the small talk resource
(diversion from focus) and others to the establishment of fo-
cus. After this grouping procedure, the first list was reduced
to 162 attributes and the second list was reduced to 109 at-
tributes. However, so that the inspection checklist could be
created, there was still a need to group the two lists of dis-
covered quality attributes (with 162 attributes and with 109
attributes). Therefore, we carried out the grouping process of
similar attributes again, to avoid redundancies in the inspec-
tion checklist items. After the treatment carried out on the
two lists of quality attributes, the result was a list with 107
useful items used in the creation of the evaluation technology.
An excerpt from the U2CHATBOT inspection checklist can
be found in the Table 3 below.
When analyzing the Table 3, it is observed that some items

in the checklist U2CHATBOT may cause difficulties in un-
derstanding or even erroneous understanding by some users
of the tool. To facilitate understanding, these items were
described with brief clarifications and examples in paren-
theses. An example is item P-5: “Does the chatbot per-
form effective task allocation, providing appropriate es-
calation channels for humans?”. An inspector new to the
area might not immediately understand what the item means,
so, to avoid confusion and wasted time when having to go
and research what it means, the item was rewritten adding
a brief clarification “P- 5: Does the chatbot perform effec-
tive task allocation (decidewhether a certain functionwill
be performed by the system or will be escalated to a hu-
man attendant), providing appropriate escalation chan-
nels for humans?”.
The checklist U2CHATBOT categories were taken from

the articles that provided the quality attributes. Some at-
tributes already had categorization, others did not. Thus, for
standardization purposes, the items were analyzed one by
one and were then placed in categories from the articles that
contributed most with Usability and UX attributes, such as
the paper by Sugisaki and Bleiker [2020], which categorizes
the items according to Nielsen’s Heuristics and the paper by
Anshu et al. [2021], with general categories for UX and us-
ability.
To facilitate the use of U2CHATBOT checklist, we have

developed tool support in spreadsheet format compatible
with the Excel (Microsoft Office) and Calc (LibreOffice,
OpenOffice) utilities. The tool support developed contains
the following tabs: (1) brief summary of the U2CHATBOT
checklist, with instructions for use; (2) the inspection check-
list with the verification items, the field for responding to the
items, fields for inserting the inspector’s data, automatically
updating graphics, a problem description field, a field to in-
dicate the location of the problem and suggestions; and (3)
field to report other problems that occurred during the inspec-
tion. To carry out the inspection with the checklist, the pos-

https://tinyurl.com/ComplementaryResearchMaterials
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sible answers are Yes, No and Not Applicable. Yes must be
chosen if the chatbot presents/answers the verification item.
No should be chosen if the chatbot does not present/does not
respond to the item and, if this occurs, it constitutes a pos-
sible defect that must be described in the Problem Descrip-
tion column and indicated in the Problem Location column.
Not Applicable should be chosen if the verification item is
not related to the type of chatbot evaluated, for example, an
item related to handoff to a human expert would apply to a
customer service chatbot but not to random conversations or
entertainment from a chatbot. The complete U2CHATBOT
checklist can be found here.

Table 3. Excerpt from the inspection checklist U2CHATBOT

Category Checklist Items
VS-1 The chatbot gives immediate feedback to the

user about their actions/transactions, in ad-
dition to information in a reasonable time
about the system status throughout the in-
teraction (when it is processing a response,
whose turn it is in the conversation and who
said what in the conversation history)?

PE-1 The chatbot requests confirmation and
shows a summary before any action or trans-
action in order to prevent errors, dialogue
failures and irreversible actions (e.g. a
permanent deletion of data)?

AD-2 Does the chatbot provide access to help
options, documentation, navigation options,
and permanent menu to support the user?

F-20 Can the chatbot adjust to both a larger screen
(tablet or laptop) and a smaller (mobile
phone)?

FE-2 Chatbot allows experienced users to access
advanced functions (e.g. shortcuts, abbre-
viations, etc.) to interact and correct errors
more quickly and efficiently, following es-
tablished conversational principles from oth-
ers chatbots (same shortcut keys, for exam-
ple)?

P-5 Does the chatbot perform effective task al-
location (decide whether a certain function
will be performed by the system or will be
escalated to a human attendant), providing
appropriate escalation channels for humans?

EC-3 Does the chatbot avoid requesting personal
data (Full name and CPF, for example) of the
user or any other unnecessary information?

ACE-1 Is the chatbot easy to use (has intuitive navi-
gation), easy to start a conversation, easy to
learn how to use it?

In the following subsection, we present a proof of concept
carried out to verify the feasibility of the technology.

4.1 U2CHATBOTChecklist Proof of Concept
In order to verify whether checklistU2CHATBOT is truly ca-
pable of detecting defects in chatbots, we carried out a proof

of concept. We applied checklist to an intelligent text-based
chatbot chosen from the Google Play Store, Bing Chat with
AI. The criteria for selecting the application were that the tool
is free, does not require a subscription to use and has a large
number of downloads, comments and user ratings.
When applying checklist U2CHATBOT to the Bing Chat

With AI chatbot, we identified that the tool did not meet 55
verification items (51%), indicating that possible problems
were found. Of the items not met, those referring to the Hu-
manity category stand out, in which 11 items were injured
(H-1, H-2, H-3, H-4, H-9, H-10, H-12, H -13, H-15, H-16
and H-18). In fact, we observed that the chatbot is quite
robotic, it does not maintain or understand the context and
intentions. All items related to helping users recover from
errors that may occur in the chatbot (ARE-1, ARE-2, ARE-3
and ARE-4) were also not met, as were items dealing with
help and documentation (AD -1, AD -2, AD-3, AD-4, AD-5
and AD-6). The chatbot also violates important aspects of
Accessibility (ACE-1, ACE-2, ACE-4, ACE-6 and ACE-7)
and Flexibility/Efficiency (FE-1, FE-2, FE-3, FE-4 and FE-
7). Additionally, items VS-5, CSR-2, CLU-1, CLU-2, CP-2,
CP-6, CP-7, PE-1, PE-2, PE-3, RL-2, DEM -1, DEM-2, F-4,
F-7, F-8, F-13, F-14, F-17, A-2, A-5, P-2, P-3 and P-4 were
violated, indicating that the analyzed chatbot needs many im-
provements.
The following section will present the procedures and re-

sults of carrying out an experimental study to evaluate the
U2CHATBOT checklist in terms of acceptance, effective-
ness and efficiency.

5 U2CHATBOT Checklist Inspection
Evaluation and Improvements

With the aim of examining the feasibility of the
U2CHATBOT inspection checklist, we carried out an
experimental study aiming to measure indicators of ef-
ficiency, effectiveness, perceived usefulness, perceived
ease of use and intention for future use. For this, software
engineers inspected a chatbot available in the Google Play
Store application store using the checklist developed in this
research to identify possible defects in the tool. With the
data collected we carried out three analyses: (1) Quantitative
analysis; (2) Analysis according to the TAM Model and (3)
Qualitative analysis.
The experimental study was carried out between June and

July 2023 with 29 participants; of which, 24 are undergrad-
uate students and 6 professionals with experience already
in the technology market. All participants agreed to the
Free and Informed Consent Form (ICF) and filled out the
first form with questions about the participants’ level of ed-
ucation, experience with software development in general,
chatbot development and software inspection. Through re-
sponses to these questions, participants were categorized as
having Low, Medium or High experience.
All 29 study participants used the U2CHATBOT inspec-

tion checklist to inspect the chatbot Bing: Chat with AI and
GPT4 1 chosen from the online store Google Play Store ac-

1Bing Chat with AI link - https://tinyurl.com/3vev24jv

https://tinyurl.com/ComplementaryResearchMaterials
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cording to the criteria: (1) that the tool was free; (2) that the
chatbot was textual; (3) that the tool had many downloads
and user comments, suggesting that it was already widely
used. Bing: Chat with IA and GPT4 had around 433 thou-
sand reviews at the date of the experimental study, with
131,300 reviews below 5 stars, indicating the possibility of
containing defects; thus making it eligible for use in this ex-
periment. Participants received a file with instructions and
descriptions on how to download and install the indicated
chatbot on the inspector’s device, as well as a script of tasks
that the inspector would need to do with the chatbot (request
simple and complex calculations, write wrong words, ask
open-ended questions and specific tasks, etc.), however, the
inspector was free to carry out other tasks if they were nec-
essary to support the inspection process.
After participants carried out the inspectionswith checklist

U2CHATBOT, we asked them to respond to a second post-
inspection evaluation form containing objective questions
that could be completed with four answer options: (1) Totally
Agree; (2) Partially Agree; (3) Partially Disagree; and (4) To-
tally Disagree, according to the Likert [Dalmoro and Vieira,
2014] scale. Furthermore, the form also contained subjective
questions about changes to the checklist and suggestions for
improvements. The form was based on the TAM technology
acceptance model, adapted from the work of [Frazão, 2021;
Davis et al., 1989]. The inspector could answer the questions
according to his level of agreement on the items Perceived
Ease of Use (FU); Perceived Usefulness (U) and perceived
future Use Intention (IU). To prevent inspectors from giving
their opinions on one of these objective questions, the option
“Neutral” or “Neither Disagree nor Agree” was not available.
The first 7 questions are about Perceived Ease of Use, the
next 7 questions are about Perceived Usefulness; and the last
3 questions are about the perceived Future Use Intention. All
objective questions of the TAM model can be found here.
Participation in the study took place remotely. Each in-

spector had an average of 12 days to complete their tasks,
including downloading the checklist, installing the indicated
chatbot on their mobile devices and inspecting the indicated
chatbot for defects. At the end of the participation period, we
considered 29 checklists completed by inspecting the chat-
bot Bing Chat with AI. An analysis of the discrepancies re-
ported by inspectors was carried out. In total 82 discrepan-
cies were reported, but upon analysis only 78 were in fact
real defects and 4 were false positives. To reduce bias from
biased opinions, the authors did not classify any of the re-
ported discrepancies; The classification was carried out by
another researcher with extensive experience (10 years) in
software inspections. In the following subsections, the re-
sults of the analyses are presented.

5.1 Quantitative analysis
To carry out the quantitative assessment, we used the results
of the discrepancy analysis tomeasure the performance of the
U2CHATBOT inspection checklist. From the data collected,
the number of real defects identified, the false positives and
the time spent reported by the inspectors were counted. The
objective of the quantitative analysis was to verify whether
the collected data established any relationship through sta-

tistical tests carried out using the statistical tool SPSS (Sta-
tistical Package for the Social Sciences) from the company
IBM (International Business Machines Corporation). The
collected data can be found here.
For the statistical test, we defined the independent vari-

able called “Experience”, of the ordinal qualitative type,
to inform the level of experience of the study participants,
with three possible response options: Low, Medium and
High, however, we assign numbers to qualitative variables
to make them quantitative in order to enable statistical anal-
ysis [Moya, 2021]. The experience dimension used was In-
spection Experience. The other dimensions Education Level,
Professional Experience, Development Experience and Ex-
perience with Chatbots weren’t considered for the statistical
test as they weren’t balanced in the data.
The dependent variables “Effectiveness” and

“Efficiency” are continuous quantitative variables, hav-
ing been defined to measure the performance of study
participants. The effectiveness and efficiency metrics ap-
plied to this research are the same ones used by the authors
Fernandez et al. [2013] and Frazão [2021]. The Equations
1 and 2 present the effectiveness and efficiency formulas,
respectively. In the equations, “d” refers to the number of
defects identified by a participant in their inspection; “D”
is the total number of defects identified after analyzing all
discrepancies; and “t” refers to the individual time spent by
the inspector to carry out his inspection.

Effectiveness = (d / D) ∗ 100 (1)

Efficiency = d / (t / 60) (2)

The data collected is of the unpaired type, as the groups
of participants do not have dependencies between them, and
there is no repetition of participants in the data collected. To
check the normality of the data, we performed the Shapiro-
Wilk test (recommended for samples smaller than 50 [Mishra
et al., 2019]) in SPSS, to identify whether the data distribu-
tion is normal or not. It is important to highlight that the
number of participants (n=29) in this study indicates that the
sample is small, however, according to Indrayan and Mishra
[2021] small samples do not necessarily produce invalid in-
formation, this depends on the research context. Second,
smaller samples, provide quick results and are easy to ob-
tain ethics committee approval [Indrayan and Mishra, 2021].
The normality test results were 0.010 for Effectiveness and
0.006 for Efficiency. Considering the level of significance
(p > 0.05) for the data to be considered normal, we conclude
that the distribution of the data is not normal, that is, the data
are not parametric.
Depending on the defined factors and the type of data col-

lected for this quantitative evaluation, the statistical test cho-
sen was Kruskal-Wallis, ideal for analyzing non-parametric
data with 3 groups in the independent variable [Almeida
et al., 2022]. The hypotheses established for the statistical
test in relation to Effectiveness are:

• H0: There are no significant differences in effective-
ness between the groups with low, medium and high
inspection experience.
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Figure 1. Boxplot Effectiveness

• H1: There is at least one significant difference in the
effectiveness of the low, medium and high inspection
experience groups.

Performing the Kruskal-Wallis Test in SPSS, for the effec-
tiveness data, we obtained the result (p = 0.622). Consid-
ering that the stipulated significance level is α > 0.05, this
means that the null hypothesis H0 was accepted and there
is no statistically significant difference in effectiveness be-
tween the groups. For the H1 hypothesis to be accepted, the
p-value should be less than or equal to 0.05 [Moya, 2021].
Observing the graph Box plot (generated by SPSS) that

compares the effectiveness indicator, presented in Figure 1,
it is noted that the quartiles of the groups with Medium and
High Experience in Inspection are less distributed, leading
believe that they may have performed slightly better than the
group with Low Inspection Experience. This descriptive re-
sult suggests that the U2CHATBOT checklist inspection had
promising effectiveness with inspectors with a certain degree
of experience, even if the differences between the groups
weren’t statistically significant.
In turn, the hypotheses established for the statistical test in

relation to Efficiency are:

• H0: There are no significant differences in efficiency
between the groups with low, medium and high inspec-
tion experience.

• H1: There is at least one significant difference in the
efficiency of the groups with low, medium and high in-
spection experience.

When performing the same Kruskal-Wallis statistical test,
also in the SPSS tool, for efficiency data, the result obtained
was (p = 0.584). This also means that the null hypothesis
H0 was accepted and there is no statistically significant dif-
ference in efficiency between the groups analyzed. The Box
plot graph (generated by SPSS) that compares the efficiency
indicator is shown in Figure 2.
In relation to Figure 2, the graph shows us that the quar-

tiles of the groups with High and Medium Inspection Ex-
perience have a smaller distribution in relation to the group
with Low Inspection Experience. This result is similar to that
in the Efficacy analysis, suggesting that the inspection with
the U2CHATBOT checklist had promising efficiency with
inspectors with some level of experience, even if the differ-
ences between the groups were not statistically significant.

Figure 2. Boxplot Efficiency

Figure 3. Results on Ease of use (FU), Usefulness (U) and Future Use In-
tention (UI) on the U2CHATBOT checklist

5.2 TAMModel Analysis
For the evaluation with the TAM model, we considered
the objective responses from the post-inspection evaluation
form. In this subsection we present the results of the eval-
uation of the U2CHATBOT checklist with the technology
acceptance model (TAM). The Figure 3 presents the data
obtained on Perceived Ease of Use (FU), Perceived Utility
(U) and Perceived Future Use Intention (IU) according to
the judgment of the inspectors who used the U2CHATBOT
checklist. All objective questions of the TAM model can be
found here.
When analyzing Figure 3, we noticed that in relation to

Perceived Ease of Use, the U2CHATBOT checklist was gen-
erally well evaluated by the participants, however it is pos-
sible to identify some weaknesses, mainly in relation to the
aspects Easy Application (FU7), Effort Mental (FU3). Eight
participants disagreed that the tool is easy to use to find de-
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fects in chatbots and four disagreed that it requires little men-
tal effort.
The Uncomfortable (FU4) and Understandable (FU5) as-

pects also had discordant evaluations; These results may
have been caused by the high number of U2CHATBOT
check items, which demands more time and mental effort
from the inspector, which can generate confusion and frus-
tration. Regarding PerceivedUsefulness, most of themarked
items are positive (in green), indicating good results. In fact,
few participants disagreed regarding the usefulness of the
U2CHATBOT checklist. Regarding the Future Use Intention
aspect, many participants agreed, totally or partially, with the
intention of using the tool on a future occasion, if there is an
opportunity. In the following subsection we present the qual-
itative analysis.

5.3 Qualitative Analysis
For this qualitative assessment we considered the subjective
responses from the post-inspection assessment form. The
subjective questions aimed to better understand the biggest
difficulties and possible changes or improvements to check-
list U2CHATBOT. In general, participants’ responses indi-
cated that checklist has perceived usefulness for evaluating a
chatbot.
We have some examples of comments: “The checklist as

a whole was easy to use, the way it was organized and the
instructions that came with it made it a lot easier. [I28]”;
and “The questions, in general, are clear and very objective.
The answer options are precise and there is the possibility
of detailing the defect, if necessary. [I10]”. However, some
inspectors reported problems such as:

• The problem related to the large number of verification
items; some inspectors found the process tiring. For ex-
ample: “The time needed to complete the task, the num-
ber of questions, some of which were a bit repetitive,
made the task a bit tedious. [I28]” and “Lots of ques-
tions to answer. [I15]”

• Difficulty understanding some checklist items: “Cer-
tain questions weren’t so clear when identifying in the
chatbot. [I11]” and “Some questions were difficult to
answer. [I26]”

Still on the interpretation of verification items; some in-
spectors reported that the items needed to be more detailed,
as they found it difficult to understand what was being re-
quested by the check item:

• “I found it a little difficult to identify what certain ques-
tions really meant. It would be interesting to include a
table with additional, more specific information about
each question on the checklist. [I18]”

This inspector’s comment indicates that the verification
items in the U2CHATBOT checklist may not be sufficient for
some professionals to understand what a chatbot project fo-
cused on quality should have. The need for additional infor-
mation reported by the inspector suggests the need to create
an artifact with a visual approach that provides real examples

to developers, facilitating the understanding of important as-
pects for chatbots.
Inspectors were also asked about the degree of complete-

ness of the checklist, that is, whether the checklist is complete
and covers all important aspects. Most inspectors considered
that the verification items addressed the most recurring prob-
lems in chatbots, such as: “The checklist has several specific
items, which left nothing out. [I19]” and “The checklist is
very complete. I believe it covers all aspects of performing
a chatbot inspection. [E10]”. However, inspectors indicated
the need to add more response options beyond No, Yes and
Not Applicable:

• “... I think more answer options should be included...
[I02]” and “I would add an answer option “Partially
Applies” because on some occasions it is not possible
to say “Yes” or “No” very precisely [I09]”

Regarding possible suggestions for changes and improve-
ments to checklist U2CHATBOT, it is possible to highlight:

• Changes in the answer options available in the checklist.
Added more answer options besides No, Yes and Not
Applicable.

• Division of the checklist into categories instead of a sin-
gle, large list.

• Improve the explanation of checklist items to be easier
to understand.

• Reduction in the number of checklist items to speed up
inspection.

• Include examples of the tasks to be performed for each
of the assessment items.

In the following subsection, some of these changes and
improvements to checklist U2CHATBOT are applied.

5.4 Checklist U2CHATBOT Improvements
The experimental study carried out to evaluate checklist
U2CHATBOT, presented evidence of the viability of the
technology. Participants evaluated checklist as useful for
identifying defects in chatbots, but there are aspects to be im-
proved. According to participants, some items in the check-
list U2CHATBOT are difficult to understand and too com-
plex to analyze in an inspection, hindering the evaluation
process. Furthermore, checklist was considered tiresome be-
cause it had a large number of check items.
This subsection describes the improvements made in the

checklist U2CHATBOT refinement, in order to make the
technology less tiring and difficult to use, in addition to cor-
recting items that could lead future inspectors to report false
positives during an inspection.
We carried out an analysis to identifywhichU2CHATBOT

check items could lead inspectors to mistakenly identify de-
fects; that is, we identified which verification items led in-
spectors to point out false positives (discrepancies that, in
reality, are not real defects) [Kalinowski and Spínola, 2008].
The false positives found in the discrimination meeting on

the items on the U2CHATBOT checklist were:
The first item in Table 4, CP-4, aims to understandwhether

the evaluated chatbot was modeled considering the domain
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Table 4. False Positives Found

Checklist U2CHATBOT
Item

Item Description by
Inspector

CP-4: Does the chatbot
use domain model from the
user’s perspective, i.e., is the
abstract representation (use
case diagrams, classes, etc.)
of the chatbot focused on
users’ needs and behaviors?

Does it avoid
responding in a
abstract.

FE-6: When applicable, does
the chatbot allow the user
to transfer the conversation
from the chatbot to a human
agent at any time?

Transfer to human
agents is not sup-
ported.

Q-5: Does the chatbot per-
form effective task allocation
(decide whether a function
will be performed by the sys-
tem or escalated to a human
agent) by providing appropri-
ate escalation channels for hu-
mans?

The chatbot does not
allow the user to
speak to a human
agent, all conversa-
tions are done by the
chatbot only.

F-9: Does the chatbot encour-
age users to use the correct
syntax to mention others in a
team chat, or does it have the
ability to understand this au-
tomatically when applicable?

Does the chat under-
stand despite incor-
rect writing and re-
spond as if not there
were no spelling er-
rors.

model from the user’s perspective, that is, whether the user
is the main figure in the abstract representation (class dia-
grams, use cases, etc.) of the chatbot, however, the inspec-
tor interpreted the item incorrectly, considering the answers
given by the chatbot. This item, in fact, is complex to under-
stand, especially for beginner inspectors. Item FE-6 deals
with the chatbot’s ability to transfer the conversation to a hu-
man agent. In fact, the chatbot did not have this capability,
but it did not constitute a defect, as the item just did not apply
to the type of chatbot evaluated. In this case, the inspector
should have selected the answer “Not applicable” in checklist
U2CHATBOT. The same occurs with items P-5 and F-9.
In addition to the false positives found, other items in the

checklistU2CHATBOTweremisinterpreted by some inspec-
tors, that is, although these items were useful for detecting
real defects by inspectors in the evaluated chatbot, some in-
spectors did not understand them correctly. The checklist
items with the potential to generate false positives were CP-
1, F-20, H-17, DEM-2, PE-1, ARE-4, EC-5 and H-12. In the
Table 5 we present some of these problematic items.
When analyzing Table 5, in item F-20 the inspector did not

understand that the issue was about the chatbot’s ability to be
responsive and adapt to various screen sizes. In turn, item H-
17 deals with the chatbot’s ability to communicate on various
subjects, understanding that the user is the one who decides,
but the inspector did not understand that “at the same time”
is a conjunctive phrase that is equivalent to “while”. This
lack of understanding by inspectors also occurred with H-12
and the others already indicated. Therefore, we consider it
necessary to improve the text of these items that were misin-

Table 5. Potential False Positives

Checklist U2CHATBOT
Item

Item Description by
Inspector

F-20: Can the chatbot adjust
to both a larger screen (tablet
or laptop) and a smaller one
(mobile phone)?

I don’t know how
to make the screen
smaller and have
two windows on my
phone.

H-17: Does the chatbot com-
municate with the user on var-
ious topics, at the same time
which understanding which
active conversation (inputs)
the user belongs to?

At the same time,
no. When it starts
generating the re-
sponse, it does not
let the user send any
more messages until
it stops generating the
response.

H-12: Does the chatbot ne-
gotiate conversational topics
discussed with the user?

Very general question,
it could be more
specific and detailed.
The purpose of the
question is not clear.

terpreted by some inspectors, to make them clearer for under-
standing. and reduce the chances of possible false positives.
To reduce the chances of false positives, reduce the com-

plexity of interpreting checklist items for inexperienced in-
spectors and avoid very restricted items related to a specific
type of chatbot, we chose to remove items CP-4, FE-6, P -5
and F-9 that generated false positives when using checklist
U2CHATBOT, as shown in Table 4. We also removed the
item H-18: “Does the chatbot include errors to increase
realism?”, in which Inspector 16 commented “...I don’t con-
sider this a problem, I prefer it to always be right” . In a
way, making mistakes actually refers to the human charac-
teristic of making mistakes, however, this characteristic in
chatbots can cause the user to lack confidence in the quality
and veracity of the tool’s responses. With this justification,
aiming to improve the evaluation technique developed, items
CP-4, FE-6, P-5, F-9 and H-18 were removed from checklist
U2CHATBOT. The complete checklist U2CHATBOT with
the improvements made can be found here.
Finalizing the checklist proposal, we analyzed the possibil-

ity of taking advantage of the identified attributes for the de-
velopment of another artifact that enriches the chatbots qual-
ity improvement process. A search was carried out in the sci-
entific literature aiming to identify another technology that
could also be designed using these important aspects. The
search results pointed to Design Patterns, designed for the
chatbot design stage. This technology is presented in the fol-
lowing section.

6 Design Patterns DP-U2CHATBOT
Design Patterns are solutions to trivial problems encountered
in the process of developing a technology. The idea consists
of capturing the essence of the problems and proposing the
appropriate solutions in a compact way [Van Duyne et al.,
2007]. According to Vora [2009], design patterns focus on
the context of technology use and guide designers in how,
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when and where a solution can be applied. Furthermore, they
serve to describe good design practices and incorporate qual-
ity principles into the system.
With the use of design patterns, interface designers have

access to real solutions, not just theoretical and abstract con-
cepts; They see an increase in productivity as they reduce the
time spent searching for solutions in other references. Pat-
terns are even useful to guide inexperienced designers, with
clear textual instructions and visual examples [Gomes et al.,
2021].
In the scientific literature it is possible to find works

proposing interface design patterns for software applications,
such as the study by Nilsson [2009] and the work by Gomes
et al. [2021]. However, regarding specific interface design
patterns for conversational agents, there are gaps to be filled,
as the contributions are still embryonic. In this way, aiming
to contribute with guidelines capable of supporting develop-
ment teams in the process of building chatbots that satisfy
their users, this section presents a set of design patterns for
chatbots called DP-U2CHATBOT.
The quality attributes used to create design patterns were

taken from the systematic reviews in Section 3. The at-
tributes used to develop checklist U2CHATBOT were an-
alyzed to verify the feasibility of being transformed into
patterns. We identified that of the 107 quality attributes
present in the U2CHATBOT checklist, not all of them could
be molded into interface design patterns, as some attributes
weren’t present in the example applications found or made
reference to something that could not be described visually.
The Table 6 presents some of these attributes used. The com-
plete list of quality attributes that could be transformed into
design patterns is here.

Table 6. Design Patterns Attributes

ID Attributes
DP_FE 1 Selection and management of preferences

in relation to the system interface, commu-
nication style, degree of human similarity,
font size, among others.

DP_FE 2 Option to transfer to human agents, if the
chatbot performs any type of customer ser-
vice.

DP_ACE 1 Conversational tips to improve interaction
and ask clarifying questions if the chatbot
does not understand any user input.

DP_ACE 2 The chatbot’s position on the web page
must be easy to locate and access.

DP_EC 2 The answers provided must be accompa-
nied by the sources of information.

DP_F 1 Quick reply buttons allow you to speed up
interaction.

DP_F 2 The chatbot web page should be respon-
sive and work well in the format of most
devices.

DP_F 3 The font colors should be bright, contrast-
ing with the application background.

DP_F 4 Providing hyperlinks on the topic dis-
cussed to complement the information gen-
erated by the chatbot.

After completing the analysis of viable quality attributes,
the next step was to identify examples of how these at-
tributes were implemented in real chatbots, to make it pos-
sible to offer practical implementation examples that could
be added to the proposed interface design patterns. In this
way, the search for chatbots in mobile or website format be-
gan. The applications and websites were chosen following
criteria such as free availability and use, as well as content
in Portuguese or English.
To identify mobile chatbots, we carried out an automatic

search in the Play Store application store, for Android de-
vices, prioritizing those with an extensive number of down-
loads and an evaluation score of 4 or higher. Websites,
in turn, are derived from an automatic search, carried out
through the Google search engine. It was necessary to search
for several real chatbots in operation, to then evaluate each
one and identify whether they presented quality attributes.
Chatbots that did not present any of the attributes were dis-
carded. The chatbots that implemented the quality attributes
were selected to be used as an example.
At the end of the process, the following applications and

websites were discovered and selected: (APP01) Bing AI,
(WEB01) Kuki AI, (APP02) Goat Chat, (WEB02) C&A,
(WEB03) Octa AI, (WEB04) Sofia Botfriend, (WEB05)
Zurich Seguros and (WEB06) Evie Bot. After choosing the
applications, an analysis was carried out with the purpose of
identifying which quality attributes were present in each of
them. Below, we present which quality attributes are present
in the mobile chatbots and web applications analyzed:

• Bing AI: DP_ACE 1, DP_EC 1, DP_EC 2, DP_F 3,
DP_H 2, DP_H 3, DP_H 5, DP_VS 1, DP_CP 1 and
DP_P 1, totaling 10 quality attributes.

• Kuki AI: DP_FE 1, DP_F 2, DP_F 3, DP_H 4, DP_H
5 and DP_AD 1, totaling 6 quality attributes.

• Goat Chat: DP_F 3, DP_F 4, DP_AD 1 and DP_CP 1,
totaling 4 quality attributes.

• C&A: DP_FE 2, DP_ACE 2 and DP_F 3, totaling 3
quality attributes.

• Octa AI: DP_F 1, DP_F 3 and DP_RL 1, totaling 3
quality attributes.

• Sofia Botfriend: DP_H 1 and DP_PE 1, totaling 2
quality attributes.

• Zurich Seguros: DP_ACE 1 and DP_F 3, totaling 2
quality attributes.

• Evie Bot: DP_H 1 and DP_H 4, totaling 2 quality at-
tributes.

In the following subsection, we present important ele-
ments of the proposed DP-U2CHATBOT design patterns.
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Figure 4. Design Pattern Template

6.1 Design Patterns Proposal

So that design patterns can clearly represent what they are,
how they work and how they should be applied to solve a de-
sign problem, it is important to document them. To develop
the documentation of design patterns, the basic elements sug-
gested by Vora [2009] were used, also tested in the work of
Gomes et al. [2021]. In this way, each pattern developed
includes:
(1) Code: Pattern identifier according to its category.
(2) Pattern name: Brief title that expresses what the pattern
is about.
(3) Problem: Brief summary of the problem to be solved by
the pattern.
(4) Solution: The proposed solution to the presented
problem.
(5) Implementation: Instructions and tips on how to apply
the solution.
(6) Example: Image containing an example of implement-
ing the pattern based on real chatbots.

With these elements suggested by Vora [2009], it was pos-
sible to adapt and structure the set of patterns. Considering
this, Figure 4 presents the design pattern model developed
for this research. The following subsection presents the set
of design patterns developed in this study.

6.2 The set of Design Patterns DP-
U2CHATBOT

After carrying out the necessary procedures to create design
patterns for chatbots, a set of 21 patterns was obtained, cov-
ering problems of humanity, accessibility, functionality, per-
formance, among others. All design patterns developed fol-
lowed the model in Figure 4. The Figures 5 and 6 presents
some patterns from the DP-U2CHATBOT set of design pat-
terns developed.
The DP_FE 1 design pattern in Figure 5 was created con-

taining guidelines on the need to allow the user to personalize
the interaction with the chatbot, whether with options relat-
ing to changes in the interface, conversational style, similar-
ity human, among other types of personalization. In turn, the
DP_EC 2 design pattern in Figure 6 was developed contain-
ing solutions on the importance of a chatbot always indicat-
ing the sources of information fromwhich it takes its answers.
The complete list of all 21 design patterns developed in this

Figure 5. Design Pattern DP_FE 1

Figure 6. Design Pattern DP_EC 2

study is here. The evaluation process and applications for
technology improvements are in the following subsection.

7 Design Patterns DP-U2CHATBOT
Evaluation and Improvements

Previously, the procedures adopted so that design patterns
for DP-U2CHATBOT chatbots could be developed were pre-
sented. Taking into account the importance of validating
the documentation of DP-U2CHATBOT design patterns, this
section presents a study that aimed to analyze whether the
design patterns for DP-U2CHATBOT chatbots met the com-
prehensibility and usefulness indicators defined based on the
work of Gomes et al. [2021].
The study was carried out in September 2023 with the par-

ticipation of expert software developers with experience in
chatbot projects. All study participants agreed to the Free
and Informed Consent Form – ICF. To check the viability
of the proposed patterns, we created a questionnaire in the
Google Forms tool with three sections: The first section was
designed to collect the demographic data of the experts; the
second section focused on individually evaluating the com-
prehensibility and usefulness aspects of each proposed de-
sign pattern and the third section focused on an overall as-
sessment of the design patterns.
Regarding the Comprehensibility aspect, the question

asked for each pattern individually was: “How do you eval-
uate the comprehensibility (ease of understanding) of each
pattern?” For the Utility aspect, the question was: “How
do you evaluate the usefulness of each pattern?”.
The invitation to participate in the evaluation was sent
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to professionals with the link to the developed evaluation
questionnaire and the set of 21 DP-U2CHATBOT design
patterns to be evaluated. After the deadline for participa-
tion (1 month) had passed, we received 4 (four) responses
to the form. The experts who responded were professors, en-
gineers, and researchers with different levels of experience
in chatbot design/development. The average experience of
participants with chatbot development is 3.5 years.
During the individual evaluation of each pattern, experts

provided a score to assess understandability and useful-
ness of each of them, with the corresponding scores be-
ing: 4 – Very Understandable/Very Useful, 3 – Understand-
able/Useful, 2 – Not very Understandable/Not very Useful
and 1 – Not at all Understandable/Not at all Useful. To make
it impossible for participants not to give their opinions on any
of the questions applied, the “Neutral” option was not avail-
able. The evaluation results are presented in the following
section.

7.1 Assessment Results
The designed design patterns were subjected to evaluation
regarding comprehensibility and usefulness indicators. All
grades assigned to the patterns were counted and, according
to the questionnaire developed, they ranged from the highest
grade of 4 (Very Understandable/Very Useful) to the lowest
grade of 1 (Not at all Understandable/Not at all Useful). The
measure adopted to analyze the scores was the calculation
of the median, which has the statistical purpose of inform-
ing the central position or “the midpoint” of the analyzed
values. It is important to highlight that the median calcula-
tion was adopted because in the data obtained it is possible
to identify extreme values that would affect the arithmetic
mean [Pachani, 2006]. The quantitative data of this individ-
ual assessment can be found in tables 7 and 8.
The table 7 refers to participants’ scores on the Compre-

hensibility aspect, that is, how easy the patterns are to under-
stand. According to the median of the scores given by the
participants, it is observed that the design patterns were well
evaluated in relation to this aspect. The lowest median iden-
tified is 3.00, leading us to believe that participants generally
found the design patterns understandable.
The design patterns evaluated with the maximum score of

4.00 (VeryUnderstandable) by all participants in the Compre-
hensibility aspect were: DP_EC 2 and DP_H 2. The design
patterns that received at least a score of 1.00 (Not at all under-
standable) were: DP_EC 1, DP_H 1, DP_H 4, DP_CP 1 and
DP_P 1. However, even receiving a score of 1.00 from one
participant, the other participants evaluated these standards
with scores of 3.00 or 4.00. Therefore, it is possible that the
participant was more careful in the evaluation than the others
or may not have understood the technology proposal or even
this pattern should be refined to improve comprehensibility.
The table 8, in turn, refers to the subjects related to the

Utility aspect. According to the median of the scores given
by the participants, it can be seen that the patterns were also
well evaluated in relation to their appearance, leading us to
believe that the participants in general considered the design
patterns useful to support the design of chatbots. However,
the DP_AD 1 pattern, on Documentation and Help, received

Table 7. Subjects given by experts to the patterns considering the
Comprehensibility aspect

Pattern Scores on Comprehensibility
Subj.1 Subj.2 Subj.3 Subj.4 Median

DP_FE-1 4,0 3,0 3,0 4,0 3,50
DP_FE-2 4,0 4,0 3,0 4,0 4,00
DP_ACE-1 4,0 4,0 2,0 4,0 4,00
DP_ACE-2 4,0 4,0 2,0 4,0 4,00
DP_EC-1 4,0 4,0 1,0 4,0 4,00
DP_EC-2 4,0 4,0 4,0 4,0 4,00
DP_F-1 4,0 4,0 3,0 4,0 4,00
DP_F-2 4,0 3,0 4,0 4,0 4,00
DP_F-3 4,0 4,0 4,0 3,0 4,00
DP_F-4 3,0 3,0 4,0 3,0 3,00
DP_H-1 4,0 3,0 1,0 4,0 3,50
DP_H-2 4,0 4,0 4,0 4,0 4,00
DP_H-3 4,0 4,0 4,0 3,0 4,00
DP_H-4 4,0 4,0 1,0 4,0 4,00
DP_H-5 4,0 4,0 3,0 4,0 4,00
DP_RL-1 3,0 4,0 2,0 4,0 3,50
DP_VS-1 3,0 4,0 4,0 3,0 3,50
DP_PE-1 3,0 3,0 4,0 2,0 3,00
DP_AD-1 4,0 4,0 3,0 4,0 4,00
DP_CP-1 4,0 4,0 1,0 4,0 4,00
DP_P-1 4,0 4,0 1,0 4,0 4,00

Table 8. Subjects given by experts to the patterns considering the
Utility aspect

Pattern Scores on Utility
Subj.1 Subj.2 Subj.3 Subj.4 Median

DP_FE-1 4,0 3,0 3,0 4,0 3,50
DP_FE-2 3,0 4,0 3,0 4,0 3,50
DP_ACE-1 4,0 4,0 2,0 4,0 4,00
DP_ACE-2 4,0 4,0 4,0 4,0 4,00
DP_EC-1 4,0 4,0 1,0 3,0 3,50
DP_EC-2 3,0 4,0 2,0 4,0 3,50
DP_F-1 4,0 4,0 3,0 4,0 4,00
DP_F-2 4,0 3,0 4,0 3,0 3,50
DP_F-3 4,0 4,0 3,0 3,0 3,50
DP_F-4 3,0 3,0 3,0 4,0 3,00
DP_H-1 3,0 3,0 3,0 4,0 3,00
DP_H-2 4,0 4,0 4,0 4,0 4,00
DP_H-3 3,0 4,0 2,0 4,0 3,50
DP_H-4 4,0 4,0 2,0 4,0 4,00
DP_H-5 4,0 4,0 4,0 4,0 4,00
DP_RL-1 4,0 4,0 4,0 4,0 4,00
DP_VS-1 4,0 4,0 4,0 4,0 4,00
DP_PE-1 4,0 3,0 3,0 4,0 3,50
DP_AD-1 3,0 3,0 2,0 2,0 2,50
DP_CP-1 4,0 4,0 4,0 2,0 4,00
DP_P-1 4,0 4,0 4,0 4,0 4,00
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Table 9. Subjects given by experts for the established criteria

Criteria General Utility
Subj.1 Subj.2 Subj.3 Subj.4 Average

Criteria
1

4,0 4,0 4,0 4,0 4,0

Criteria
2

4,0 4,0 4,0 4,0 4,0

Criteria
3

4,0 4,0 4,0 2,0 3,5

the lowest median of 2.50, tending to be of little use, accord-
ing to the participants’ assessment. The design patterns eval-
uated with the maximum score of 4.00 (Very Useful) by all
participants in the Utility aspect were: DP_ACE 2, DP_H 2,
DP_H 5, DP_RL 1, DP_VS 1 and DP_P 1, all with a maxi-
mum score of 4.00. The design pattern that received at least
a score of 1.00 (Not at all Understandable) was only DP_EC
1, however, the other participants rated this pattern as Useful
(3.0) or Very Useful (4.0). Considering the data regarding the
Understandability and Utility aspects, the worst grades were
given by participants who had less experience in the develop-
ment/design of chatbots compared to the others. Therefore,
the level of experience in this regard may have influenced
the analysis of what is useful and understandable in relation
to the proposed design patterns.
Participants were also asked how they generally evaluated

the usefulness of the patterns according to the criteria: (1)
Identifying problems to be avoided in the development of
chatbots; (2) Search for solutions to problems identified dur-
ing the chatbot development process and (3) Understand in-
terface design proposals for a chatbot focused on Usability
and User Experience. The subjects relating to these criteria
can be found in table 9.
In table 9 we present the general evaluation of the patterns

with the grades given by the participants and the average of
the grades. In this case, the calculation of the arithmetic
mean was adopted, since the data obtained do not present
extreme values [Pachani, 2006]. It is observed that the first
two criteria defined scored an average score of 4.0 (maxi-
mum score), meaning that they were well evaluated by pro-
fessionals and that they are very useful in these aspects. The
third criterion was assessed by one of the participants with a
score of 2.0 (Not very useful), however the other participants
assessed it with the maximum score of 4.0 (Very Useful), to-
taling a positive average score of 3.50. Considering this, the
participant’s little experience in the design/development of
chatbots may also have influenced the analysis of the crite-
rion’s usefulness.
In addition to the evaluation, we asked professionals to

indicate up to (5) five design patterns that should be priori-
tized in the chatbot design/development process. The table
10 presents this prioritization.
According to Table 10, we observed that some participants

selected the same patterns to be prioritized, but most of the
patterns indicated were different. The most cited design pat-
terns to be prioritized in the chatbot design/development pro-
cess were:

• DP_FE 2 – Transfer to Human Attendant
• DP_F 2 – Responsive Design

Table 10. Design Patterns that should be prioritized according to
evaluators

Participant Design Patterns to be prioritized
Evaluator
1

DP_FE 2 - Transfer to Human Attendant,
DP_F 2 - Responsive Design, DP_FE-1
User Preferences, DP_H 5 - Proactivity in
Chatbot Communication and DP_P 1 - Ro-
bustness to Unexpected Inputs

Evaluator
2

DP_F 1 - Quick Reply Buttons, DP_F 3 -
Bright colors for Fonts, DP_H 2 - Under-
standing Grammatical and Typing Errors,
DP_H 4 - Avatar, DP_RL 1 - Descriptive
Visual Elements and Explicit Instructions

Evaluator
3

DP_F 2 - Responsive Design, DP_H 2 -
Understanding Grammatical and Typing
Errors, DP_VS 1 - Feedback and System
Status, DP_CP 1 - Spelling and Linguistic
Registration, DP_P 1 - Robustness to In-
puts Unexpected

Evaluator
4

DP_FE 2 - Transfer to Human Attendant,
DP_F 1 - Quick Reply Buttons, DP_EC 2 -
Information Sources, DP_RL 1 - Descrip-
tive Visual Elements and Explicit Instruc-
tions, DP_VS 1 - Feedback and Status Sys-
tem

• DP_P 1 – Robustness to Unexpected Inputs
• DP_F 1 – Quick Response Buttons
• DP_H 2 – Understanding Grammatical and Typing Er-
rors

• DP_RL 1 – Descriptive Visual Elements and Explicit
Instructions

• DP_VS 1 – Feedback and System Status

Still in relation to the design patterns considered priorities,
the subjective nature of the evaluators may have influenced
the prioritization process, since the concept of what is a pri-
ority or not in this context may vary from professional to pro-
fessional, however, it is something that cannot be said with
certainty, as the evaluation sample is very low.

In addition to the objective questions, the Design Pat-
terns evaluation form also contained a field for subjective
responses that provided some insights for a qualitative analy-
sis. In general, the experts considered that the patterns devel-
oped support the construction of chatbots focused on meet-
ing users’ needs, as highlighted by one of them “...cover the
main points in the development of chatbots”. Another expert
highlighted: “...they establish a set of details that one would
not normally think of for a chatbot”. These comments indi-
cate that the set of patterns developed are capable of assisting
in the design of these tools. We also asked whether, in addi-
tion to the elements used in defining the technology (code, ti-
tle, problem, solution, implementation, example), any other
information would be added to the definition of the patterns
presented. One of the experts commented “I would add a
counter example or anti-pattern”, which means that the par-
ticipant would add examples of what should not be done
when designing a chatbot.
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Figure 7. Design Pattern DP_FE 2 after improvement

Figure 8. Design Pattern DP_EC 1 after improvement

7.2 Improvements U2CHATBOT Design Pat-
terns

The design patterns evaluation form also contained questions
about suggestions for changes and improvements to the de-
sign patterns presented in this work. One evaluator pointed
out that in some patterns the visual example chosen may not
have been the most appropriate “In the images of each de-
sign pattern, I am not sure whether the example shows ad-
herence to the pattern or a lack of adherence to the pattern”,
indicating the item DP_H 1 - Context Preservation for im-
provement in this regard.
Another participant highlighted in relation to the item

DP_EC 1 - Ethics and Cultural Knowledge, “...I found
ethics to be confused with culture. I think the two things
are different and even in some cases, exclusive. Imagine a
“tribe” that only speaks slang and swear words. This is the
culture of the tribe, but for your chat it would be barred by
ethics”. Furthermore, there was a pertinent guidance of cau-
tion when using visual examples containing the logo of the
companies responsible for the selected chatbots “You need
to be careful with some images. For example, in DP_FE 2
there is a logo for the company C&A. The same goes for the
others. Is it allowed to use?”.
Considering the subjects and suggestions for improve-

ments indicated by the professionals who participated in the
evaluation of the set of U2CHATBOT design patterns devel-
oped in this research, changes were made to some design
patterns to improve their comprehensibility and also avoid
possible future legal problems. The DP_FE 2 design pattern,
presented in Figure 7 had its visual example modified so as
not to display the logo of the company that owns the chatbot.

This measure was adopted to avoid legal problems. Like-
wise, other patterns such as DP_ACE 1 and DP_F 3 were
also refined for the same reason.
In turn, the DP_EC 1 - Ethics and Cultural Knowledge de-

sign pattern was fragmented into two, the DP_EC 1 - Ethics
pattern and the DP_EC 3 - Cultural Knowledge pattern. This
is because these design patterns separately make more sense
than together, as they deal with different subjects. In Figure
8 it is possible to find the DP_EC 1 design pattern, already
updated.
Other design patterns were improved, for example, the

DP_H1 - Context Preservation pattern, which the chosen
visual example did not have the best grip on the chatbot’s abil-
ity to maintain context between conversation sessions, how-
ever, There is not enough space in this publication to present
all the changes. The complete list of DP-U2CHATBOT de-
sign patterns with the improvements applied can be found
here.

8 Discussions and limitations
The motivation of our study was to contribute with technolo-
gies to facilitate the work of developers in the stages of de-
signing and evaluating text-based chatbots. The study by
Guerino and Valentim [2020] identified one of the gaps that
motivated our work. The authors conducted research on eval-
uation methods for chatbots focused on Usability and User
Experience. As a result, they identified a lack of evalua-
tion techniques focused on Usability and User Experience
that have been submitted and tested according to empirical
studies. Additionally, the study by Mafra [2023] analyzed
user comments of a chatbot on the Google Play Store and
found user complaints, confirming dissatisfaction with the
technologies available in the market. Regarding Design Pat-
terns for chatbots, our exploratory research identified that
the subject is still in its infancy. In the scientific literature,
there are already design patterns to assist in the construction
of web applications and to assist in the construction of tech-
nologies for the autistic community. However, there were
no design patterns with useful recommendations for build-
ing better chatbots. Below we will discuss some points and
limitations of the work.

Discussions
In the first stage of our research methodology, we con-

ducted systematic literature reviews to build upon previous
work and identify quality attributes for chatbots related to Us-
ability and User Experience. Two systematic reviews were
necessary to ensure that important quality attributes were not
overlooked. From the list of attributes found, we proposed
the U2CHATBOT inspection checklist with 107 verification
items to identify defects in chatbots. The U2CHATBOT in-
spection checklist includes items from various techniques
and attributes of previous works. This makes it a more com-
prehensive option than others for analyzing various aspects
impacting Usability and User Experience in a chatbot. Ad-
ditionally, as a distinctive feature, we developed an auto-
mated spreadsheet to facilitate the inspection process with
the checklist.

https://tinyurl.com/ComplementaryResearchMaterials
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The evaluation of the U2CHATBOT checklist was con-
ducted to verify if the artifact indeed aids in discovering de-
fects in chatbots. Software Engineering professionals were
invited to inspect a chatbot using the developed checklist.
Following the inspection, participants responded to a ques-
tionnaire with both objective and subjective questions, pro-
viding their opinion on the technology. The experimental
study was conducted using the evaluation results, and find-
ings indicate that the U2CHATBOT checklist is capable of
assisting developers in finding defects in chatbots, including
defects less known to inspectors. However, we must high-
light the tool’s weaknesses regarding ease of use. Due to its
many verification items, the tool tends to require more time
and mental effort from inspectors. This issue can be mini-
mized if the inspection is conducted in parts, focusing on the
categories to be evaluated.
The findings from evaluations conducted on the

U2CHATBOT checklist indicated that for some profes-
sionals, verification items alone do not provide a clear
understanding of what a chatbot truly requires. For this
professional profile, there is a need for visual support to
facilitate comprehension. Therefore, we developed the DP-
U2CHATBOT Design Patterns set using attributes identified
in systematic reviews and examples drawn from functioning
real-world chatbots. These patterns were crafted to serve
as a guide of design recommendations for chatbots and to
address developers’ uncertainties. Evaluation of the Design
Patterns was carried out with experts in chatbots and design
patterns to assess the comprehensibility and usefulness of
each pattern. Experts analyzed each pattern and responded
to a questionnaire containing both objective and subjective
questions. From this, we conducted a quantitative analysis.
Qualitative analysis was not extensively pursued as not all
participants responded to the subjective questions. Results
from the evaluation of DP-U2CHATBOT Design Patterns
indicated that the technology was well-received, considered
useful, and comprehensible in supporting chatbot design.

Limitations
Regarding the ethical aspects of this research, all study par-

ticipants read and agreed to the Free and Informed Consent
Form, designed to make them aware of the objective of the
research and the confidentiality of the information requested.
It is worth emphasizing that this research was not submitted
to an Ethics Committee. According to Amorim et al. [2019]
research, opinion polls with unidentified participants or those
based on educational and/or professional practices and that
do not reveal data that identifies the participant, should not
be registered or evaluated by the CEP/CONEP system, be-
ing the case of this present study. Although this study was
not submitted to the Ethics Committee, the identification of
the participants was preserved and any negative impacts of
their participation are non-existent. Participants were only
invited to give their opinion on the two technologies devel-
oped in this work. The entire study was conducted remotely
(both the Checklist and Design Patterns assessment) and par-
ticipants had no contact with each other.
The following section presents the conclusions of this

study.

9 Conclusions
Although there are studies focused on proposing technolo-
gies to evaluate and enhance the quality of chatbots, we no-
ticed that users still express dissatisfaction with these tools.
For instance, in app stores, it’s common to find numerous
complaints and negative reviews from users. To address this
issue, the development of an inspection checklist was pro-
posed to identify defects in text-based chatbots, containing
quality attributes focused on Usability and User Experience
extracted from systematic literature reviews. This is because
both Usability and User Experience are crucial factors to con-
sider when aiming to ensure the success of a system and the
satisfaction of its users.
After developing U2CHATBOT, we conducted an empir-

ical study involving 29 participants capable of inspecting a
chatbot with the checklist to assess its usability. The eval-
uation results suggested that the U2CHATBOT checklist is
useful for identifying defects in chatbots. However, the num-
ber of verification items constitutes a weakness, as it affects
the perceived ease of use of the technique. On the other
hand, by including more verification items, U2CHATBOT
becomes a better option for cases requiring thorough and
comprehensive inspections. Statistical tests conducted indi-
cated that there were not many statistically significant dif-
ferences between inspectors with high or low inspection ex-
perience; however, the effectiveness and efficiency in using
the checklist may be subtly influenced by the level of inspec-
tion experience. In other words, experienced inspectors may
achieve slightly better results than inspectors with less expe-
rience.
In addition to the U2CHATBOT checklist, we observed

a lack of contributions in the chatbot design stage. Studies
on design patterns for these tools are still in their infancy.
Thus, we utilized the discovered quality attributes to develop
21 practical design patterns to aid developers in construct-
ing these chatbots. The technology was also evaluated by
four software developers experienced in chatbots. The pro-
fessionals assessed each pattern individually and responded
to a questionnaire designed to gauge the comprehensibility
and usefulness of the technique. The results indicated that
participants generally found the design patterns to be helpful
and understandable. Some patterns underwent modifications
to refine their proposal. These changes primarily involved
visual examples to ensure greater adherence to the pattern,
removal of logos, and fragmentation of a pattern into two
for enhanced clarity. Following these refinements, 22 design
patterns were derived.
It is essential to highlight that the small number of partic-

ipants in the evaluation of the U2CHATBOT checklist may
have influenced the results not showing statistically signifi-
cant differences between the groups of inspectors, as we con-
sidered only 29 participants who completed all stages of the
study. Similarly, the small number of experts who evaluated
the DP-U2CHATBOT design patterns may have influenced
the results of comprehensibility and usefulness of the technol-
ogy. Considering this, attracting more participants in future
work can contribute to improving the quality of results and
providing greater credibility.
Overall, the evaluation results demonstrated that the tech-
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nologies developed in this research were well-received by
the participants, proving useful in aiding software engineers
and developers, regardless of their experience, in evaluat-
ing and enhancing their chatbots. These results also open
up space for new perspectives that can be explored in future
work, such as updating usability and UX quality attributes to
include voice-activated chatbots in the checklist inspection
and creating anti-patterns to highlight real examples of what
should be avoided in chatbot design.
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