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Abstract There is a growing advancement of technologies, with an increasing number of services being carried out
through them. This trend also prompts the Public Sector to join this movement by providing its services digitally,
making themmore convenient and cost-effective. However, the challenge arises in ensuring that everyone has equal
access to these services, thereby avoiding segregation, particularly among the most vulnerable segment of society.
Hence, we investigate the usability of the Caixa Tem application, which provided access to emergency aid during
the pandemic. Our goal is to verify whether this application ensures usability for its users. Therefore, we assess
usability through high-fidelity prototypes faithful to the real application, conducting Heuristic Evaluations, and
Usability Tests with carefully selected individuals. Therefore, we are able to identify a number of usability issues
regarding time and interaction efficiency, satisfaction, user experience, and effectiveness. At last, we propose a set
of modifications that enhances the usability of the Caixa Tem application.
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1 Introduction
We live in a time when the use of technology is notoriously
in various situations of our daily lives. There are numerous
applications of Information and Communication Technolo-
gies (ICTs) to solve or facilitate tasks that we commonly per-
form [Kosakowski, 1998]. In this context, we have changed
our way of communicating, interacting, and consuming prod-
ucts and services, for example. As a result, we increasingly
encounter new technological solutions and applications that
emerge to simplify andmake our daily lives more convenient.
This imminent contemporary digital culture ends up induc-
ing the market to increasingly embrace and adapt to the dig-
ital realm, taking advantage of this medium to market their
products and services. Therefore, it is now common for com-
panies that are not present in the digital space to be losing
market share [Gere, 2009].
In this context, gradually, the Brazilian Public Administra-

tion has also been taking advantage of this cultural shift, and
as a result, it has been incorporating technology into the ser-
vices provided to the population. This enables the develop-
ment of a public management environment capable of keep-
ing pace with these changes and also benefiting from the ad-
vantages generated by technology [Marchionini et al., 2003].
This became evident during the COVID-19 pandemic [Lis-
bôa et al., 2021; Monteiro et al., 2022] when, due to the nec-
essary social distancing, technology was chosen as a means
to make the Brazilian Emergency Aid (Article 2º of Law No.
13,982/2020) accessible to the Brazilian society. To achieve
this, the Brazilian Public Administration, in partnership with
Caixa Econômica Federal1, launched the Caixa Tem app on
April 6, 2020, as a solution for social services and banking
transactions, with the purpose of facilitating access to Emer-
gency Aid for the population [Caixa Econômica Federal -

1https://www.caixa.gov.br/Paginas/home-caixa.aspx

CEF, 2020].
For the intended purpose of Caixa Tem, it is important that

the application maintains good quality, ensuring good usabil-
ity for users who need its services [Sahasrabudhe and Lock-
ley, 2014; Monteiro et al., 2023; Filho et al., 2023]. Other-
wise, the system may cause difficulty in accessing essential
services for the Brazilian population. In this way, a prob-
lem of segregation of the population may arise regarding
the services provided by the Brazilian Public Administration.
A portion of the population benefits from these services be-
cause they can use Caixa Tem, while another portion is disad-
vantaged by not being able to use it [Viana, 2020]. Therefore,
the main objective of our study is to investigate the usabil-
ity of the Caixa Tem application. Thus, we aim to identify
usability issues and propose modifications that correct and
prevent the problem from recurring.
To conduct this usability investigation of Caixa Tem, ini-

tially, we develop a high-fidelity prototype [Budde et al.,
1990] of the application using the Figma [Figma, 2011] tool,
aiming to make it as faithful as possible to the original Caixa
Tem app. Subsequently, we conducted a usability evaluation
using Heuristic Evaluations [Nielsen, 2005]. These evalua-
tions lead to a series of improvements for the identified us-
ability issues, which we implement for a new prototype ver-
sion. Subsequently, we proceed to evaluate the usability of
the app again through Usability Tests [Lewis, 2006]. In these
tests, we assess our two prototype versions (i.e., original and
after fixes). We use five metrics to measure the usability of
each prototype: time efficiency, interaction efficiency, effec-
tiveness, user experience, and satisfaction. After these initial
tests, we identify further improvements that could be made
to the application. Thus, we create a new version of the pro-
totype. Finally, we conduct new Usability Tests with this up-
dated prototype to allow for comparisons with the previous
versions.
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For this updated prototype, our results show that users
need less time, less interaction, higher satisfaction, and better
effectiveness and user experience formost of the tasks we ask
them to perform during our Usability Tests. For instance, to
complete the task “Make a transfer to Banco do Brasil, Cur-
rent Account, for an amount of R$ 0.01”, users need 30 and
40 screen touches when using our updated prototype and the
unmodified prototype of Caixa Tem, respectively. Besides
that, users need 75 and 90 seconds to perform this task for
both prototypes.
Therefore, we obtain a set of modifications resulting from

Heuristic Evaluations and Usability Tests that provides a sys-
temwith improved quality, ensuring better usability for users.
Analyzing the results obtained from the assessed metrics,
we conclude that each evolutionary version we develop for
Caixa Tem showed an improvement in usability.
Our work is organized as follows: Section 2 presents the

main concepts necessary for a better understanding of this
work. In Section 4, we detail the methodology we used to
conduct our research. In Section 5, we explain in detail the re-
sults obtained in the study. Section 3 discusses related work.
Finally, in Section 7, we present our conclusion.

2 Background
In this section, we present the key concepts necessary for a
better understanding of this work. In Section 2.1, we discuss
digital public services in Brazil and their impact on the soci-
ety. In Section 2.2, we explain what the Figma tool is, which
is a fundamental element for our work. In Section 2.3, we
elucidate the concept of high-fidelity prototypes. At last, in
Section 2.4, we introduce the concepts of Heuristic Evalua-
tion and Usability Testing.

2.1 Digital Public Services in Brazil
The technological advance in our daily lives is notably ex-
pressive. There are several conveniences and amenities that
technology has been providing to society as a whole, with the
increasing use of Information and Communication Technolo-
gies (ICTs) in our daily lives [Kosakowski, 1998]. Nowa-
days, in the private sector, companies that are not present in
the digital realm are losing market share, emphasizing the
growing influence of digital culture in society [Gere, 2009].
This trend brings a number advantages, compelling the pub-
lic sector to develop a management environment capable of
keeping pace with these changes and also benefiting from
the advantages generated by technology [Marchionini et al.,
2003]. In this context, there has been a gradual increase in the
implementation of technologies in the Governo Eletrônico
(e-gov) models adopted by Brazilian government [Motta,
2003].
For a brief overview of the last 20 years, we could high-

light the launch of the Portal Governo Digital in 2000; the
creation of the Portal da Transparência in 2004; the Portal
da Inclusão Digital in 2006; the conduct of ICT surveys for
the e-gov; the Acesso à Informação Law in 2011; the Marco
Civil da Internet in 2014; the establishment of the Processo
Nacional Eletrônico by Decree No. 8,539 in 2015; the Gov-

ernança Digital na Administração Federal with Decree No.
8,638 in 2016; the creation of the Sistema Nacional para a
Transformação Digital by Decree No. 9,319 in 2018; and,
more recently, the inauguration of the Gov.br Portal by De-
cree No. 9,756 in 2019. These milestones demonstrate the
many changes in the Brazilian Public Administration, which
has increasingly incorporated information and communica-
tion technologies into its operations [Cristóvam et al., 2020].
The use of technology by the Brazilian government tends

to provide several benefits for both the government and so-
ciety. The proper use of Information and Communication
Technologies (ICTs) has the potential to increase citizen par-
ticipation, providing optimized access to public services,
making such access less bureaucratic. Additionally, it can
reduce government costs for carrying out these tasks and gen-
erate data and information that assist in decision-making and
the creation of public policies for society [Jardim, 2000].
However, for the adoption and implementation of these

types of technologies to be efficient, the government needs
to ensure access for the entire population, minimizing dif-
ferences, and guaranteeing the execution of social programs
for the benefit of all [O’neill et al., 2017]. For this disrup-
tive digital advancement, the Public Sector needs to prioritize
the most vulnerable segment of the Brazilian society [Viana,
2020]. Analyzing data from the Brazilian Institute of Geog-
raphy and Statistics (IBGE), concerning trends in the use of
these technologies, raises concerns as it may result in a por-
tion of the population being excluded from access to public
services and information. According to the IBGE, more than
25% of the Brazilian population does not use the internet in
their homes. The main reasons for non-use of the internet,
as per IBGE data, include lack of interest by 34% of the
population, high service costs for 28.7% of the population,
and unfamiliarity with internet usage for 22% of the popula-
tion [IBGE, 2018].
These IBGE data took on a sad dimension amid the Coro-

navirus (Covid-19) pandemic when a considerable contin-
gent of people in vulnerability faced difficulties accessing
the emergency basic income benefit of six hundred Brazilian
reais2. This scenario happened due to issues with access and
data filling in the application provided by the government in
partnershipwith Caixa Econômica Federal (CEF)3, as well as
problems related to the regularization of personal documents,
such as the Cadastro de Pessoas Físicas - CPF) [Cristóvam
et al., 2020]. Moreover, other Global South states such as In-
dia, also faced difficulties while adopting new technologies
within the relation to their government [Gupta et al., 2022].
Therefore, such issues are not exclusive to Brazil. These sit-
uations disproportionately affected those who were already
more vulnerable and urgently needed the assistance and hu-
manitarian action of the State [Viana, 2020].
In this context, we should seek strategies to foster digi-

tal democracy, aiming for the participation in a virtual pub-
lic space that ensures access to public services for the entire
population. This contributes to the elimination of “digital il-
literacy”. To take this step, it is crucial to provide the entire
population with access to the internet, technological devices,

2https://www.planalto.gov.br/ccivil_03/_ato2019-2022/
2020/lei/l13982.htm

3https://www.caixa.gov.br
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Figure 1. Image of the workspace of a project in Figma

and the personal capacity to use these technologies [Cunha
and Miranda, 2013].

2.2 Figma

Figma is an online graphic editing platform that allows users
to collaboratively develop vector projects and system proto-
types. Widely used in both the market and academia, Figma
provides functionalities for setting up interactions and navi-
gation between pages designed within the platform. Primar-
ily accessible via a web browser, it also has desktop and mo-
bile versions, with the latter capable of mirroring prototype
projects for interaction on mobile devices. This versatility
makes Figma one of the leading UI/UX tools, providing a
conducive environment for testing and enhancing graphic in-
terface prototyping projects [Figma, 2011; Staiano, 2022].
In Figma, a project is developed through its graphic ed-

itor, which provides freedom for the user to create system
screens as desired. Screens are fundamental elements in the
prototyping process, and once created, the user can configure
the navigation flow and usability using the prototypingmenu.
Figure 1 illustrates this environment, showing screens in the
center, the top menu for adding elements such as screens and
objects, the layers menu on the left, and the design and pro-
totyping menus on the right, allowing adjustments to visual
properties and configuration of interactions and navigation
flows [Figma, 2011]. In this work, we use Figma to develop
the prototypes that we evaluate and implement the improve-
ments obtained through the study.

2.3 Prototyping

The prototyping process is essential in various projects, es-
pecially in software projects, where the need to represent
something abstract is crucial [Budde et al., 1990]. Proto-
typing in software projects is a fundamental practice to en-
sure the understanding of what is being developed, enabling
validations and adjustments before implementation, making
the process more efficient and cost-effective [Lichter et al.,
1994]. In software projects, prototypes are categorized into
low, medium, and high fidelity [Rudd et al., 1996]. Low-
fidelity prototypes simplify the overall idea of the system,
while medium-fidelity prototypes incorporate more details
and design concepts. High-fidelity prototypes, on the other
hand, resemble the final result, presenting all visual elements
and allowing interactions, facilitating usability evaluation
through testing [Rudd et al., 1996].

Figure 2. Example of prototype classification into low, medium, and high
fidelity in a specific context

Figure 2 illustrates the representation of the three classi-
fications. On the left, there is a simple sketch (low-fidelity
prototype) made by hand, signaling the basic elements that
compose the screen, such as text, images, and buttons. In
the center (medium fidelity), we can see a better representa-
tion with some design concepts, using representations very
close to the final elements, such as buttons, icons for images,
and text. Finally, on the right, there is an example of a high-
fidelity prototype, which already has the appearance of a fin-
ished system, with colors, logo, images, and full design cus-
tomization of elements according to the visual identity of the
system. In this study, we use high-fidelity representations.

2.4 Heuristic Evaluation and Usability Test
Heuristic Evaluation is a methodology developed by the re-
searcher Jakob Nielsen [Nielsen, 1994]. He listed over 240
distinct problems that affect the usability of systems and de-
veloped a set of guidelines that, if met in a project, mitigate
the possibility of these usability issues occurring [Nielsen,
1994]. As a result, he created a set of ten guidelines that have
been widely used as a method for usability inspection in sys-
tems [Nielsen, 2005]. This method brings some advantages
as it is quick and cost-effective, as it can be conducted by an
inspection by one or more experts. The idea is to look for vi-
olations of the 10 heuristics proposed by Nielsen. Therefore,
user participation is not required in this method [Nielsen,
1995].
Usability Testing, similar to Heuristic Evaluation, is an ap-

proach to assess the usability quality of a system or proto-
type [Lewis, 2006]. It involves allowing individuals repre-
sentative of end users to interact with the system, navigating
through the interface to perform selected typical tasks for the
context, such as those considered critical or high-frequency.
To ensure consistency in results, tests should be standardized,
providing the same conditions to all users and instructing
them to perform the same tasks. After the tests are completed,
we can evaluate various criteria to analyze and compare re-
sults, identifying possible usability issues through the obser-
vation of difficulties faced by users [Riihiaho, 2018].

3 Related Work
In this section, we present the related work. The study by
Karola Marky et al. [Marky et al., 2020] addresses the us-
ability of the Swiss voting scheme, identifying issues in the
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adopted methodology and proposing improvements. They
develop prototypes, conduct Heuristic Evaluations and Us-
ability Tests to investigate usability, suggesting solutions for
identified problems. After prototyping the solutions, they
conduct new tests, evaluating performance in specific met-
rics. Our work follows a similar methodology to Karola
Marky’s, although it differs in intrinsic aspects related to on-
line voting systems. In the context of Caixa Tem, we eval-
uate specific issues, such as the impracticality of applying
methodologies that involve modifying data to ensure the con-
fidentiality of participants’ votes in the evaluations.
Cigdem Altin [Gumussoy, 2016] conducts a study with

the aim of establishing usability guidelines for banking sys-
tems through heuristic analyses. The research examines
three banking software projects, identifying usability issues
through Heuristic Evaluations and categorizing them by
severity. The issues are analyzed and structured to create
guidelines that address the main issues identified in the study.
Although this work provides valuable contributions, it dif-
fers from ours by exclusively employing Heuristic Evalua-
tion, not allowing for the evaluation of the system by end
users, which limits the identification of specific problems ad-
dressed in methods such as Usability Testing.
Mutlaq B. Alotaibi’s study [Alotaibi, 2016] aims to list

and compare the usability of various mobile applications
in Saudi Arabia, distinguishing between market mobile sys-
tems (M-business) and governmental ones (M-government).
Thirty-six applications, equally divided between M-business
and M-government, were analyzed to represent the main mo-
bile options in the country. Usability assessment was con-
ducted through a questionnaire based on Nielsen’s heuris-
tics, adapted into a checklist with eleven items. Thirty-six
participants evaluated each application according to the cri-
teria defined in the questionnaire. The author concludes that
M-business applications exhibit better usability compared to
M-government ones. Unlike our work, this study employs a
specific technique, adapting Heuristic Evaluation into a ques-
tionnaire combined with in-app interaction, similar to a sim-
ple Usability Test.
The work conducted by Layla Hasan [Hasan, 2013] inves-

tigates the usability of three websites from public universities
in Jordan. The study employs Heuristic Evaluations to iden-
tify a total of 34 categories of usability issues occurring in
these systems. Ultimately, she presents a list detailing these
34 categories, alongwith exemplifying these problems on the
websites. This list serves as a guide for addressing these is-
sues or preventing them in other projects. The research is lim-
ited to identifying and categorizing the main problems found
on university websites, unlike our work, which goes further
by implementing and testing to assess the consequences of
addressing these issues.
The work carried out by Janet Chisman [Chisman et al.,

1999] aims to investigate the usability of the libraries at
Washington State University (WSU). To achieve this, a set
of Usability Tests was conducted to identify usability issues
within the library system. After the tests, a series of recom-
mendations were developed to address the identified issues
in the study, which were implemented in a subsequent ver-
sion of the university library system. This study, unlike ours,
is also limited to identifying problems and proposing cor-

rections, but in this case, using Usability Tests rather than
Heuristic Evaluation.

4 Research Method
In this section, we present the methodology we apply in this
study. In Section 4.1, we outline the entire flowchart of how
we conducted the research. In Section 4.2, we explain the
reason for selecting the Caixa Tem app, providing a general
overview of the app and outlining the functionalities consid-
ered in the study. In Section 4.3, we present the hypotheses
studied in the work and the metrics used to evaluate these hy-
potheses. Additionally, in Section 4.4, we present the stages
of evaluation and prototyping, detailing the steps followed
in the study. At last, we provide the documents used as in-
puts for the construction of the research in our online Ap-
pendix [Vieira and Andrade, 2024].

4.1 Research Procedure
To detail the research procedure adopted in this study, we
present the flowchart in Figure 3. It outlines the steps we
take during our research.

1. We initiated by selecting the system for our research.
To commence this process, we conducted an analysis
to decide which public system would be the focus of
our study. Thus, we selected the Caixa Tem app [Caixa
Econômica Federal - CEF, 2020]. In Section 4.2, we
delve more into the reasons for this choice.

2. We formulated hypotheses that we could evaluate dur-
ing the research, serving as a means to measure the re-
sults obtained in this study (Section 4.3).

3. We selectedmetrics to assist in validating or refuting the
previously considered hypotheses. Section 4.3 provides
details about the hypotheses and metrics addressed in
this study.

4. We prototyped the original system using Figma (Sec-
tion 2.2), aiming for the prototype to be as faithful as
possible to the original Caixa Tem app. Thus, users in-
teracting with the Original prototype should have a sim-
ilar experience to using the real app. In Section 4.4.1,
we detail how we develop the entire prototyping.

5. We initiated the usability evaluation steps of the Caixa
Tem app. Initially, we conducted a Heuristic Evalua-
tion, aiming to identify possible usability problems and
proposed solutions for those. We explain in detail how
we conduct the Heuristic Evaluation in Section 4.4.2.

6. We considered the results of the Heuristic Evaluations
from the previous step to make modifications to the
Original prototype, seeking to resolve or mitigate us-
ability issues we find. Thus, we aimed to improve the
quality of the system’s usability. Therefore, at the end
of this step, we had the Redesign prototype with the im-
provements learned in the Heuristic Evaluation.

7. We conducted Usability Tests, where users interact with
both the Original and the Redesign prototypes. This al-
lowed us to extract data on the selected metrics. Thus,
we evaluated the usability of both prototypes. In Sec-
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Figure 3. Flowchart of the steps of the research procedure adopted for the study

tion 4.4.3, we provide more details about the Usability
Tests.

8. We conducted a process similar to the sixth step. How-
ever, we considered the results of the Usability Tests,
not the Heuristic Evaluations, to make modifications to
the Redesign prototype. The aim is to address or mit-
igate usability issues we found, seeking to further im-
prove the quality of the system’s usability. At the end
of this step, we implemented a new version of the pro-
totype, which we call the Final Design.

9. We conducted another round of Usability Tests. Differ-
ently from the eighth step, users interacted only with the
Final Design prototype. In Section 4.4.3, we provide
more details about the usability tests.

10. We discussed and analyzed the results obtained from the
usability evaluations we conducted in the previous steps.
Sections 5 and 6 provide more information.

4.2 Caixa Tem Application
In order to select a Brazilian public system, we analyzeUrna
Eletrônica4, Meu Imposto de Renda5, SOUGOV 6, SigProj7,
and SigPAC8. However, we ultimately choose Caixa Tem due
to the visibility the system had at the time of the COVID-19
pandemic.
The Caixa Tem mobile app was launched in April 2020 as

the primary means for the population to access the Brazilian
Emergency Aid during the COVID-19 pandemic [Cardoso,
2020]. The critical need for access to the app, especially by
the more vulnerable segment of society, emphasized the im-
portance of usability to ensure the full utilization of services
by the Brazilian public [Cristóvam et al., 2020]. However,
existing data indicates that the majority of those in need did
not have internet access to register and obtain the aid [Viana,
2020]. This research also highlights that a portion of the
Brazilian population is illiterate or has some form of disabil-
ity [IBGE, 2018, 2019]. Besides the use during the COVID-

4https://www.justicaeleitoral.jus.br/urna-eletronica/
5https://www.gov.br/receitafederal/pt-br/assuntos/meu-imposto-de-

renda
6https://sougov.sigepe.gov.br/sougov/
7http://sigproj.ufrj.br/
8https://www.gov.br/transportes/pt-br/centrais-de-conteudo/sigpac-

png/view

19 pandemic, Caixa Tem is still widely used nowadays for a
number of different purposes9.
In this context, our study focuses on the usability of the

Android version of Caixa Tem app, analyzing potential is-
sues and proposing solutions [Cunha and Miranda, 2013].
Caixa Tem provides basic banking functionalities, as well as
features such as payment at the lottery, cardless withdrawal,
access to NIS10 and Bolsa Família11, presenting them in a
unique way by simulating a conversation history in a chat
format [Cunha and Miranda, 2013]. The goal is to enhance
the quality and usability of the system [Cunha and Miranda,
2013].
This approach used by the app aims to enhance the usabil-

ity of the system, making it similar to popular messaging
apps such as WhatsApp and Telegram. In Section 5, we dis-
cuss whether this approach indeed enhances the usability of
the app in the users’ opinion.
For this research, we consider typical features of the Caixa

Tem. Thus, we select ten features: Balance Inquiry, Pay-
ment at the Lottery, Cardless Withdrawal, Bolsa Família,
Phone Recharge, Pix12, Transfer, Bill Payment, Payment at
the Card Machine, and Virtual Debit Card.

4.3 Hypotheses and Metrics
In this section, we present the hypotheses we test in Sec-
tion 4.3.1 and the metrics we select to test those hypotheses
in Section 4.3.2. Finally, in Section 4.3.3, we present a sum-
mary table of hypotheses and metrics.

4.3.1 Hypotheses

For this study, we formulate five hypotheses, as follows:

• H1 - The Final Design prototype provides greater user
satisfaction compared to the Original prototype;

• H2 - The Final Design prototype requires less time on
average for the user to perform tasks compared to the
Original prototype;

9https://www.caixa.gov.br/caixatem/
perguntas-frequentes/Paginas/default.aspx

10https://www.gov.br/pt-br/servicos/consultar-dados-do-cadastro-unico-
cadunico

11https://www.gov.br/mds/pt-br/acoes-e-programas/bolsa-familia
12https://www.bcb.gov.br/estabilidadefinanceira/pix

https://www.caixa.gov.br/caixatem/perguntas-frequentes/Paginas/default.aspx
https://www.caixa.gov.br/caixatem/perguntas-frequentes/Paginas/default.aspx
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Figure 4. Screenshots of some of the main screens of the Caixa Tem app

• H3 - The Final Design prototype requires, on average,
a lower number of user interactions to perform a task
compared to the Original prototype;

• H4 - The Final Design prototype provides a better user
experience compared to the Original prototype;

• H5 - The Final Design prototype ensures better effec-
tiveness in user-performed tasks compared to the Origi-
nal prototype;

Hypothesis H1 addresses user satisfaction when interact-
ing with the prototypes. Therefore, testing H1 allows evalu-
ating which prototype provides greater satisfaction to users.
Hypothesis H2 considers the time spent by the user to per-
form tasks in the application. Therefore, testing H2 allows
evaluating which prototype takes less time to complete tasks.
HypothesisH3 addresses the number of interactions the user
needs to perform with the system to complete a task. There-
fore, testing H3 allows evaluating which prototype requires
a lower number of interactions. HypothesisH4 addresses the
user experience when interacting with the prototypes. There-
fore, testing H4 allows evaluating which prototype provides
a better experience for users. Finally, HypothesisH5 consid-
ers the effectiveness of the prototypes used by users. There-
fore, testingH5 allows evaluating whether users can success-
fully complete tasks in the system or not.

4.3.2 Metrics

After defining the hypotheses considered in this study, we
define the metrics we use to validate or refute the hypothe-
ses presented in Section 4.3.1. We calculate the metrics pre-
sented in this section with the data obtained from the Usabil-
ity Tests. In this way, we select a set of five metrics to assess
the usability of the studied prototypes: time efficiency, inter-
action efficiency, satisfaction, user experience, and effective-
ness. We describe each metric below.
Time Efficiency. This metric consists of measuring the

time to perform a task related to each of the selected function-
alities [Marky et al., 2020]. During the tests, participants are
encouraged to verbally signal when they are starting a new
task and when they consider that they have completed that
specific Task. Thus, we could measure the time spent on the
particular task [Boren and Ramey, 2000].
Interaction Efficiency. It involves analyzing the number

of user interactions with the system to complete each of the
tasks in the Usability Test. Since this is a study with a mo-
bile application, we assess the number of times the user taps
on the smartphone screen. We measure this metric through
screen recording during the test, capturing the ’clicks’ the

user makes, thus quantifying the number of interactions re-
quired for each task.

Satisfaction. It consists assessing the user’s satisfaction
with the usability of the evaluated system or prototype, mak-
ing it a subjective criterion. In this study, we measure the
subjective usability satisfaction through the SUS (SystemUs-
ability Scale) [Brooke et al., 1996], which consists of a form
filled out by users after completing the usability test. Once
participants complete the form, it results in a numerical value
ranging from 0 to 100 points. Higher scores indicate bet-
ter subjective usability, allowing us to measure and evaluate
user satisfaction with the evaluated prototype.

User Experience. It regards assessing how the user’s ex-
perience was while using the system or prototype. Similar
to the satisfaction metric, the measurement of the experience
also considers subjective criteria. In this study, we measure
the user experience through the UEQ (User Experience Ques-
tionnaire), analyzing six scales: 1) attractiveness, 2) trans-
parency, 3) efficiency, 4) control, 5) stimulation, and 6) nov-
elty. The questionnaire is filled out by users after interacting
with the prototypes in the usability test. Once completed, a
graph is generated comparing the results of the studied pro-
totypes on the six scales described above, allowing for the
evaluation of the user experience in relation to the evaluated
prototypes [Laugwitz et al., 2008].

Effectiveness. It considers whether the user was able to
successfully complete each of the tasks requested in the us-
ability test or not. This metric is measured from the test
recordings, where the researcher assesses from the recording
whether the user correctly completed each task or not, thus
signaling the data for this metric. This allows measuring the
user’s effectiveness in performing each task, as well as an-
alyzing the factors that influence low effectiveness, so that
they can be corrected in the future [Marky et al., 2020].

4.3.3 Relationship between Hypotheses and Metrics

Table 1 synthesizes the entire scheme needed to test the hy-
potheses we raise in this study. For example, to test hypoth-
esis H1, it is sufficient to use the Satisfaction metric (Sec-
tion 4.3.2), which is measured through the SUS scale. There-
fore, we assess the average SUS scores in the usability tests
for each prototype, to validate or refute the hypothesis in
question. For the other hypotheses, we follow the same eval-
uation pattern based on Table 1.
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Hypotheses Metric Data collection Data analysis

H1 Satisfaction
Measured through the application

of the SUS questionnaire to users after
conducting Usability Tests.

To evaluate the average score generated by the
SUS questionnaire for each of the prototypes assessed.

H2 Time
Efficiency

Measured through the recording of Usability
Tests, allowing for the assessment of the

time spent on each task.

To analyze the average time to complete all test tasks,
as well as the time spent on each individual task.

H3 Interaction
Efficiency

Measured through the recording of Usability
Tests, which signals the “clicks” the user made

on the mobile device screen.

To evaluate the average number of interactions required
to perform the test tasks, as well as

the number of interactions for each task.

H4 User
Experience

Evaluates the scores obtained from the User
Experience Questionnaire (UEQ), filled out by

users after completing Usability Tests.

To analyze the comparative graph between
the prototypes, which compares

each of the 6 criteria assessed by the UEQ.

H5 Effectiveness
Evaluates the quantity of tasks
successfully completed by users

in Usability Tests.

To analyze the percentage of successfully
completed tasks in each of the prototypes.

Table 1. Summary of hypotheses, with their respective metrics, and the way to measure and evaluate each one

Figure 5. Home screen of the three prototype versions

4.4 Exploratory Study
To evaluate the Caixa Tem usability, we use high-fidelity pro-
totypes, as presented in Section 2.3. Therefore, we prototype
three versions of the Caixa Tem application: an original ver-
sion identical to the real application and two versions that
implement improvements learned from usability evaluation.
We call these prototype versions Original, Redesign, and Fi-
nal Design. Section 4.4.1 provides detailed information on
how we conducted the prototyping. To assess the usability
of the prototypes, we employed two techniques. First, we
conduct Heuristic Evaluation in one round, where experts ex-
amined the Original prototype (Section 4.4.2). Finally, we
conduct two rounds of Usability Tests with users to evalu-
ate the Redesign and Final Design prototype versions (Sec-
tion 4.4.3).

4.4.1 Prototyping

In total, we prototype three distinct versions of the Caixa Tem
application: Original, Redesign, and Final Design. The Orig-
inal prototype is faithful to the original application, serving
as the control version in our study. Its purpose is to repli-
cate the usability provided by the real application as closely
as possible, ensuring that users interacting with this version
have an experience very similar to using the actual Caixa
Tem application. The Redesign prototype is based on the
Original but incorporates the improvements identified dur-
ing the Heuristic Evaluations. The Final Design prototype,
on the other hand, builds upon the Redesign version and in-
corporates the improvements identified in the first round of
Usability Testing.
We use the Figma tool [Figma, 2011] to prototype our

three design versions. Indeed, we prototype screens and user
interactions, replicating as closely as possible the user expe-
rience of the actual Caixa Tem application.
In Figure 5, we observe some of the progress that the pro-

totype underwent during the study. From the Original ver-
sion to the Redesign, we see mainly the standardization in
iconography that we develop through improvements identi-
fied during the Heuristic Evaluation. In the transition from
the Redesign to the Final Design, we notice the change in
the text of the balance display functionality button, which
we identified as an issue during Usability Testing. Thus, we
apply it as a correction to improve the effectiveness of the
related task.

4.4.2 Heuristic Evaluation

In this work, we use Heuristic Evaluation [Nielsen, 2005] to
quickly and cost-effectively identifying usability issues and
suggesting corrections for these identified problems. In this
context, it is important that experts run the Heuristic Evalu-
ation in order to obtain a useful result [Nielsen, 1995]. For
this study, we select students from the Bachelor of Computer
Science program at (omitted for anonymity), who have com-
pleted the Human-Computer Interaction course.
In this way, we recruit 16 Undergrad Computer Science

students. For each student who willingly contributed to the
research, we provide a guide with supporting content and in-
structions on how they should conduct this evaluation. This
material includes a video where we briefly present the pur-
pose of the research and review the basic concepts of Heuris-
tic Evaluation, showcasing Nielsen’s ten heuristics [Nielsen,
2005]. At the end of the video, we provide instructions on
how participants should document and submit the data from
their evaluation.
For this purpose, along with the video, we provide a doc-

ument to be used for documenting the evaluation. For each
violation of one of the ten heuristics, the evaluator was in-
structed to indicate which heuristic was violated, explain
how the violation occurred, assess the severity of this viola-
tion in the usability of the system, provide the necessary cor-
rection recommendation, and attach images exemplifying the
violation. The evaluation was to be conducted on a mobile
device using the Original Prototype. Each evaluator carries
out the Heuristic Evaluation individually.
After the students complete the Heuristic Evaluation, they

send us their results so that we conduct an analysis of all the
identified violations. The goal of this step is to filter the prob-
lems that are indeed useful for this study. On the other hand,
we discard those identified issues that are not useful (e.g., not
related to usability). Additionally, prioritize violations that
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have the potential to improve the usability of the Caixa Tem
application, which are the main focuses of our study, and that
are also feasible to be implemented and tested in our proto-
types.

4.4.3 Usability Test

For the efficient execution of Usability Tests, it is crucial
to pay attention to two points: 1) all participants must have
the same conditions for conducting the test so that this does
not influence the obtained results, and 2) the users selected
to perform the tests should be representative users, meaning
users whose profiles align with the target users of the appli-
cation [Riihiaho, 2018]. In the study, we conduct two rounds
of Usability Tests. In the first round, we test the Original and
Redesign prototypes. In the second round, we test the Final
Design prototype.
In this context, we devise a standardization for the tests,

aiming to avoid bias on the final result. We run the tests
in-person and individually, with only the participant and the
first author present. We use the same notebook and smart-
phone in all tests. The notebook containing the instructions
and the smartphone running the prototype. We record the
smartphone screen and audio during the interaction to facili-
tate data collection. During this phase, we encourage partici-
pants to think aloud to better understand their interactionwith
the interface [Boren and Ramey, 2000]. The first author ob-
serves the participant’s behavior and expressions, document-
ing comments when necessary to assess the demonstrated ex-
perience.
All tests follow a standard script, conducted as follows:

• 1) Welcome and Demographic Data Collection -We
begin by thanking the participant for their voluntary col-
laboration in the research, providing a brief overview
of the study’s purpose without revealing all the details
to avoid influencing the test. We ensure clarifications
at the end of the process. We explain the test, provid-
ing the script and an estimated duration. We present
the consent form, emphasizing voluntary participation,
authorization for screen and audio recording, and the
anonymous use of test data. We conclude with a brief
interview to gather demographic information.

• 2) Instruction and Interaction with the Prototype -
The first author guides participants to interact with the
prototype, encouraging verbal expression during the in-
teraction. Participants are prompted to try to complete
the tasks on their own, with the option to seek assistance
from the first author if encountering difficulties. They
are asked to verbally communicate the start and com-
pletion of each task. Participants are guided to consider
the real need to complete the tasks for personal purposes.
After the instructions, we present a list of ten tasks to be
performed in the system:

1. Check the balance in your account;
2. Use the virtual debit card and generate your secu-

rity code;
3. Make a bill payment;
4. Generate a code for payment at the lottery;
5. Generate a QR code to receive a Pix;

6. Make a payment via Pix using the phone Pix key;
7. View the payment schedule for Bolsa Família;
8. Generate a code for cardless cash withdrawal;
9. Recharge your phone with TIM, for an amount of

R$ 20.00;
10. Make a transfer to Banco do Brasil, Current Ac-

count, for an amount of R$ 0.01.

• 3) Form Completion - After interacting with the proto-
type, participants are guided on how to respond to two
usability questionnaires, the UEQ and SUS. We explain
the purpose of each questionnaire and provide consid-
erations for proper completion: 1) express your opin-
ion fairly, 2) respond spontaneously without overthink-
ing, 3) mark an answer even in case of uncertainty, 4)
there are no right or wrong answers, and 5) evaluate
only based on the experience with the prototype. Par-
ticipants fill out the form digitally on the notebook used
in the test.

• 4) Final Questionnaire - After participants complete
the form, the researcher conducts some quick oral ques-
tions. The focus is to assess whether the participant
would like to use the system they interacted with in the
test frequently, and to investigate the reasons why or
why not. We also inquire about the participant’s opin-
ion on the application’s philosophy of simulating a chat,
asking whether, in their opinion, this philosophy aids
in usability. Finally, we allow the participant to freely
express any criticism, comment, suggestion, or opinion
about the tested prototype.

• 5) Ending - The first author thanks the participant once
again for their collaboration, provides a comprehensive
explanation of the entire study being conducted, and of-
fers to address any questions the participant may have.

Participants for usability tests are selected based on pre-
established criteria to ensure the inclusion of representative
users in the study. In this case, we defined three potential
user profiles with a higher likelihood of using the Caixa Tem
application: 1) Individuals under the age of 30, who used
it for personal needs or to assist a family member or close
person having difficulty with digital systems. 2) Individu-
als aged between 30 and 50, representing the adult audience
requiring the use of features provided by the Caixa Tem ap-
plication. 3) Individuals aged 50 and above, representing an
older audience requiring the use of features provided by the
Caixa Tem application. It is important to note that for each
usability evaluation stage, whether through Heuristic Evalu-
ation or Usability Testing, distinct participants are selected,
and the same person is not repeated in different stages.
Therefore, to conduct the first round of usability tests,

where we evaluate the Original prototype and the Redesign
prototype, we select 12 participants. There are four partici-
pants in each of the three age profiles described above. These
12 participants were randomly drawn to form two groups,
each with six participants, with each group having two partic-
ipants from each of the three age profiles mentioned above.
Each of the two groups interacts with one of the prototypes
under analysis. Table 2 summarizes this scenario.
As for the second round of usability tests, we evaluated

the third version of the prototype, the Final Design prototype.
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Participants above 50 years old Participants between 30 e 50 years old Participants below 30 years old
Participant Prototype version Participant Prototype version Participant Prototype version

1 Redesign 5 Original 9 Original
2 Original 6 Redesign 10 Redesign
3 Redesign 7 Redesign 11 Redesign
4 Original 8 Original 12 Original

Table 2. Presentation of the division of participants by the age profile that tested each prototype

In this case, we selected six participants, ensuring that there
were two participants from each of the age profiles we pre-
sented (Profile 1 < 30 years; Profile 2 between 30 and 50
years; Profile 3 > 50 years). Thus, there were two partici-
pants under 30 years, two between 30 and 50, and two above
50 years. This additional round was necessary because, af-
ter identifying usability issues in the first round of Usability
Tests, even after conducting Heuristic Evaluations, we pro-
posed improvements for these identified issues. This test
serves precisely to evaluate the resulting changes in this fi-
nal version of the prototype.

5 Evaluation
In this section, we present the results obtained from the
Heuristic Evaluations (Section 5.1). Additionally, in Sec-
tion 5.2, we present the results obtained in the two rounds
of Usability Tests. At last, we discuss the threats to validity
regarding our work in Section 5.3.

5.1 Heuristic Evaluation
In total, each of the 16 participants performs a Heuristic Eval-
uation. This results in a total of 49 violations of Nielsen’s
Heuristics [Nielsen, 2005]. In this context, we filter these vi-
olations to check whether they are useful for this study. Out
of these 49 violations, we consider 25 for this study. We dis-
card the remaining 24, as we detail next.
In Table 3, we summarize the violations, detailing their

quantity, those considered and those discarded for each
heuristic. Thus, we list Nielsen’s 10 Heuristics and indicate
how many violations of each Heuristic we discard and how
many we consider for this study. For example, when analyz-
ing the first Heuristic described as H1 - Visibility of System
Status, we see that we consider three violations of this heuris-
tic, while we discard four of them.

5.1.1 Severity of Considered Violations

The evaluator identifies violations by indicating the violated
Heuristic, describing the flaw, proposing solutions, and as-
sessing severity based on frequency, impact, and persistence.
Severity is classified into four levels: 1) Cosmetic issue, low
impact, and optional correction; 2) Minor issue, with min-
imal impact and low priority; 3) Major issue, with consid-
erable impact and high priority; 4) Catastrophic issue, with
extreme impact and maximum priority, preventing product
release.
Thus, in Table 4, we present the severity of issues in the

25 violations that we consider in this study. We observe that

most violations are classified by evaluators as minor or major
issues, quantifying 10 and 14 violations, respectively. For
the other categories, there is only one violation classified as
cosmetic, and none as catastrophic.

5.1.2 Discarded Violations

We justify and classify the 24 discarded violations into four
groups, representing the category of motivation for their dis-
missal:

• 1) External Factors: representing usability issues that
fall outside the scope of the application. An example
of a violation indicated and classified in this category is
related to the smartphone keyboard that appears in the
prototype, being a configuration of the device’s operat-
ing system and not of the application itself;

• 2) Repeated Violations: as the evaluations were con-
ducted in parallel, more than one evaluator has the pos-
sibility of encountering the same violation. For these
cases, we considered all proposed improvement sugges-
tions, implementing the one we assessed to demonstrate
higher quality. Thus, we classified only one of the re-
peated violations as a considered violation, discarding
the others and placing them in this category;

• 3) Imprecise or Mistaken Violations: some violations
are considered imprecise or mistaken because, in some
cases, they do not contextualize and clarify the ad-
dressed problem. In other cases, it may not actually
be a violation, and in some, the proposed improvement
suggestion might even worsen usability instead of im-
proving it. For example, a case was the suggestion to
group several functionalities under a single menu op-
tion, which could make it more difficult for users to find
functionalities;

• 4) Figma Limitations: some violations cannot be fea-
sibly implemented in Figma, which makes it impossi-
ble to test the effect of these corrections; therefore, they
were also discarded. An example of a violation in this
category is having the last-used functionality always ap-
pear at the top of the list in the main menu. Implement-
ing this in Figma becomes impossible as it would re-
quire prototyping all possible combinations of function
ordering.

In Table 5, we present the quantity of dismissals by cate-
gory. We categorize three dismissals as “External Factors,”
related to the appearance of the smartphone keyboard in the
prototype which is configured in the device’s operating sys-
tem not in the Caixa Tem application. Additionally, we dis-
miss five violations due to repetition, i.e., more than one
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Heuristic Number of Considered
Violations

Number of Discarded
Violations

H1 - Visibility of system status 3 4
H2 - Match between system and the real world 1 0
H3 - User control and freedom 4 0
H4 - Consistency and standards 4 2
H5 - Recognition rather than recall 4 1
H6 - Flexibility and efficiency of use 1 4
H7 - Aesthetic and minimalist design 1 7
H8 - Error prevention 2 3
H9 - Help users recognize, diagnose, and recover from errors 5 3
H10 - Help and documentation 1 0

Table 3. Detailed presentation of the quantity of violations considered and discarded for each Nielsen Heuristic

Severity Number of Violations
Cosmetic issue 1
Minor issue 10
Major issue 14

Catastrophic issue 0
Table 4. Presentation of the severity of the 25 violations considered
in the study

Category Number of Violations
External Factors 3

Repeated Violations 5
Imprecise or Mistaken Violations 12

Figma Limitations 4
Table 5. Presentation of the quantity of discarded violations in each
of the four classes of discarded violations in the study

evaluator identified the same violation. The majority of dis-
missals, totaling 14 violations, occurred due to imprecise or
misguided justifications. An example included in this cate-
gory is the suggestion to modify screens of specific function-
alities, considered objective and aligned with the philosophy
of chat simulation. Finally, we discard four violations due
to limitations in Figma. An example in this category is the
suggestion to rearrange the main menu based on the last used
functionality, considered costly to implement in Figma due
to the various possible ordering combinations.

5.1.3 Example of Violation

Figure 6 illustrates an example of a violation identified by
one of the evaluators during the Heuristic Evaluation. In it,
we can analyze a table where the evaluator fills in all the
data about the evaluation, followed by a screenshot of an at-
tached screen, illustrating the occurrence of the identified vi-
olation. Initially, the evaluator indicates which of Nielsen’s
ten Heuristics the problem in question violates, followed by
a brief description detailing the entire violation. The severity
of this violation is also indicated according to the evaluator.
Finally, a modification suggestion is provided to correct or
mitigate this violation. All other violations are documented
following the same structure presented in this example.

Figure 6. Example of a violation identified in the Heuristic Evaluation by
an evaluator

5.2 Usability Test

In this section, we present the results of the two rounds of
Usability Tests we conduct on Caixa Tem prototypes. In the
first round, we carry out the Usability Tests on the Original
and Redesign prototypes. We detail the results of this initial
round in Section 5.2.1. Moving on to the second round, we
conduct Usability Tests on the Final Design prototype. The
results of this second round are described in Section 5.2.2.

5.2.1 First Round

In this section, we present the results for the first round of
Usability Testing, as well as the profile of the participants
who underwent this initial round. Finally, we highlight the
key insights and changes gleaned from this Usability Testing
round.
Participants. To conduct the first round of usability tests,

we recruit 12 participants through direct contact. In this con-
text, we segment them into three groups based on age range.
The first group consists of individuals aged 18 to 29, the sec-
ond group includes those aged 30 to 49, and the third group
comprises participants above 50 years old (as described in
Section 4.4.3). We select the 12 participants to ensure there
are four participants in each of the three age groups defined
above. Within each group, we randomly assign the four
participants to determine which prototype each would test.
Thus, in each group, two participants test the Original pro-
totype, and two test the Redesign prototype. Their average
age is 37.25 years (Standard Deviation ≈ 14, Median = 31,
Min = 21,Max = 57). Of the participants, 33.3% (N=4) iden-
tified as female, while 66.7% (N=8) identified as male. Fur-
thermore, 33.3% (N=4) completed high school, 41.7% (N=5)
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Figure 7. Time Efficiency First Round Graph

completed higher education, and 25% (N=3) completed post-
graduate studies. All participants are employed. All selected
participants had prior experience with the Caixa Tem appli-
cation, with 83.3% (N=10) using the application solely for
emergency aid, 8.3% (N=1) using it for both emergency aid
and PIS, and 8.3% (N=1) using it for both emergency aid and
labor-related finances.
Time Efficiency. Participants using the original proto-

type require an average of 44.71 seconds for each task (Stan-
dard Deviation ≈ 22.93 seconds, Median ≈ 43.91 seconds,
Min = 19.83 seconds, Max = 93.33 seconds). On the other
hand, participants using the Redesign prototype need an av-
erage of 50.26 seconds for each task (Standard Deviation ≈
21.38 seconds,Median≈ 50.66 seconds,Min = 22.5 seconds,
Max = 82.83 seconds). Thus, the Original prototype shows
a 12.41% greater time efficiency compared to the Redesign
prototype.
The graph in Figure 7 illustrates the time efficiency of

each prototype for each of the 10 proposed tasks. Thus, we
observe that, on average, the Redesign prototype requires a
slightly longer time compared to the Original. However, this
difference varies from Task to Task. For instance, when ex-
amining Task 1, which involves checking the account bal-
ance, both prototypes require a very similar amount of time,
as it is a straightforward task with a clear flow. On the other
hand, when analyzing Task 5, which involves generating a
QR Code to receive a Pix payment, a more significant differ-
ence in the time needed for each prototype is evident. This is
due to the fact that it is one of the functionalities that under-
went modification, indicating an increased time requirement
to complete the task.
Interaction Efficiency. Participants using the Original

prototype require an average of 15.41 interactions for each
task (Standard Deviation ≈ 9.70, Median ≈ 11.58, Min =
6, Max = 39.5), while participants using the Redesign proto-
type need an average of 16.35 interactions for each task (Stan-
dard Deviation ≈ 8.99,Median ≈ 14.33,Min = 6.16,Max =
32.33). Thus, the Original prototype shows an interaction ef-
ficiency 5.70% higher compared to the Redesign prototype.
The graph in Figure 8 shows the interaction efficiency

of each prototype for each of the 10 proposed tasks. Thus,
we observe that, on average the Redesign prototype require
slightly more interactions with the system compared to the
Original. However, this difference varies from task to task.
For example, when examining Task 8, which involves gener-
ating a code for cardless withdrawal, both prototypes require

Figure 8. Interaction Efficiency First Round Graph

Figure 9. User Experience First Round Graph

a very similar number of interactions, as it is a simple task
with a similar flow in both prototypes. On the other hand,
when analyzing Task 5 again, which involves generating a
QR Code to receive a Pix payment, a more significant differ-
ence in the number of interactions needed for each prototype
is evident. This is due to the fact that it is one of the func-
tionalities that underwent modification, as mentioned earlier,
demonstrating an increased need for system interaction to
complete the task.
Satisfaction. Users testing the Original prototype rated

the SUS scale with an average of 77.08 points (Standard De-
viation ≈ 14, Median ≈ 77.5, Min = 60, Max = 95), while
users testing the Redesign prototype rated the SUS scale with
an average of 73.75 points (Standard Deviation ≈ 12.32,Me-
dian≈ 77.5,Min = 57.5,Max = 87.5). Thus, the Original pro-
totype has a slightly higher score compared to the Redesign
prototype.
User Experience. Figure 9 illustrates the results of the

UEQ. Analyzing each scale through the t-test, which is the
standard statistical method adopted by the UEQ method to
assess the significance of differences between the analyzed
samples, represented in the graph as the vertical black bar,
we conclude that there are no significant differences in any
of the six scales. This happens because, despite observing
variation in the scales on the graph, we can only assert a
significant variation when there is no intersection between
the black bars representing the t-test in each analyzed scale.
Thus, upon analyzing the graph, we observe that in all scales,
the bars representing the t-test intersect. Therefore, we assert
that both prototypes provide an equivalent user experience.
Effectiveness. Since each participant has ten tasks to per-

form, we calculate effectiveness based on the percentage of
successful completion of the proposed tasks. We also sepa-
rately analyze the effectiveness of each task, comparing the
two prototypes under study. Looking at the overall results,
the Original prototype shows an effectiveness rate of 81.66%.
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Figure 10. Effectiveness First Round Graph

More specifically, participants successfully complete 49 out
of the 60 tasks. In contrast, the Redesign prototype demon-
strates an effectiveness rate of 93.33%. Additionally, partici-
pants successfully complete 56 out of the 60 tasks. Thus, the
Redesign prototype exhibits an effectiveness 14.28% higher
than the Original prototype.
The graph in Figure 10 illustrates the effectiveness of each

prototype for each of the 10 proposed tasks. Thus, we ob-
serve that despite the Redesign prototype showing higher
overall effectiveness on average, there is variation when an-
alyzing tasks separately. For example, in Tasks 1 and 7,
which involve checking the account balance and consulting
the payment calendar for Bolsa Família, both prototypes ex-
hibit identical effectiveness. This occurs because these func-
tionalities are exactly the same in both prototypes, with no
modifications to their flows. On the other hand, when ana-
lyzing Task 6, which involves making a payment via Pix, we
see that the Redesign prototype shows higher effectiveness.
This is due to the fact that some users find certain options
confusing in the flow of this task in the Original application.
We address this issue for the Redesign prototype.
At the end of this first round of Usability Testing, we iden-

tify some corrections that we could implement in a new proto-
type version to enhance usability. In summary, in three out
of the ten tasks, there are points for potential usability im-
provements. Below, we list the functionalities and the modi-
fications:

• Balance Inquiry: Some participants, especially those
in the group aged over 50, encountered difficulty in lo-
cating the balance. This functionality, unlike others, is
situated in the header of the main menu under the op-
tion “Show Balance.” Therefore, we modify the button
text to “Show Account Balance” to make the button’s
function more apparent. We can observe the change in
the Figure 11a;

• Pay Your Bills: There was an error that we did not no-
tice during the prototyping process. In the header of
the screen, it displays “TransferMoney” instead of “Pay
Your Bills”, which could cause uncertainty for the user.
Therefore, we correct this error for the new prototype
version. Figure 11b shows this modification;

• Receive Pix: The functionality regards generating aQR
Code to receive a Pix payment. Upon analyzing the test
recordings, we observe that the majority of users face
difficulties. Many users expressed frustration with this
process. In the Original prototype, the screen for gen-
erating the QR Code differs from others, as shown in

Figure 12. The simulation of a chat, used for interac-
tions in general, confused users, leading them to click in
inappropriate places. In response, we modify the flow
of this task, making it consistent with the chat pattern
adopted in other functionalities of Caixa Tem.

5.2.2 Second Round

In this section, we present the results for the second round of
Usability Testing, as well as the profile of the participants.

In this round, we conduct Usability Testing solely on the
third version of the prototype (Final Design). This approach
allows us to compare the improvements we implement in this
version with the other two versions already tested: Original
and Redesign prototypes. However, the second round fol-
lows the same structure as the first.

Participants. To conduct the second round of usability
tests, we recruit six participants through direct contact, main-
taining the same methodology applied in the first round of
tests. Thus, we segment the participants into three groups
based on age range: the first group comprises individuals
aged 18 to 29, the second group includes those aged 30 to 49,
and the third group consists of individuals above 50 years old.
We select the six participants to ensure there are two partici-
pants in each of the three defined age groups. Their average
age is 40 years (Standard Deviation ≈ 21.26,Median = 30.5,
Min = 22, Max = 69). In this context, 66.6% (N=4) identify
as female, while 33.4% (N=2) identify as male. Furthermore,
83.33% (N=5) have completed higher education, and 16.67%
(N=1) have completed high school. Additionally, 33.33%
(N=2) are employed, 33.33% (N=2) are students, and 33.33%
(N=2) are retired. All selected participants had prior experi-
ence with the Caixa Tem App for emergency aid usage.

Time Efficiency. Participants using the Final Design pro-
totype require an average of 40.1 seconds for each task (Stan-
dard Deviation ≈ 19.38 seconds, Median ≈ 39.33 seconds,
Min = 19 seconds, Max ≈ 75.66 seconds). Thus, the Final
Design prototype exhibits a time efficiency 10.32% higher
than the Original prototype and 20.21% higher than the Re-
design prototype.

The graph in Figure 13 shows the time efficiency of each
prototype for each of the 10 proposed tasks. Thus, we ob-
serve that, on average the Final Design prototype requires
less time compared to the other versions to complete the
tasks. However, this difference varies from task to task. For
example, when analyzing Task 8, which involves generating
a code for cardless withdrawal, despite the Final Design pro-
totype requiring less time than the others, the results are close,
as we do not make significant changes for this functionality
flow. However, when analyzing Task 5, which involves gen-
erating a QR Code to receive a Pix, we see that we could re-
duce the time required to complete this task compared to the
other prototype versions. Coincidentally, we make the most
modifications for this functionality when comparing the Fi-
nal Design and Redesign prototypes.
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(a) Improvement in the Balance Inquiry Function (b) Improvement in the Pay Your Bills Function
Figure 11. Comparison of improvements made to the functionalities of balance inquiry and bill payment

Figure 12. Presentation of before and after the enhancement in the flow of
the functionality to receive a Pix via QR Code

Figure 13. Time Efficiency Second Round Graph

Interaction Efficiency. Participants using the Final De-
sign prototype require an average of 13.75 interactions for
each task (Standard Deviation ≈ 7.37,Median = 12.75,Min
= 5.5,Max = 30). Thus, the Final Design prototype exhibited
an interaction efficiency 10.81% higher than theOriginal pro-
totype and 15.90% higher than the Redesign prototype.
The graph in Figure 14 illustrates the interaction efficiency

of each prototype for each of the 10 proposed tasks in the
Usability Test. Thus, we observe that, on average the Final
Design prototype require a lower number of interactions with
the system compared to the other versions. However, this dif-
ference varies from task to task. For example, consider Tasks
1 and 7, which involve respectively checking the account bal-
ance and consulting the payment calendar for Bolsa Família.
We see that there is no significant difference in the number
of interactions required because these tasks do not undergo
expressive modifications that change the flow or restructure
the way the functionality. On the other hand, when analyz-
ing Task 5, which involves generating a QR Code to receive

Figure 14. Interaction Efficiency Second Round Graph

Figure 15. Second Round Satisfaction Graph

a Pix, we observe that there is a decrease in the number of
interactions required considering the Final Design prototype.
This happens because this task undergoes the most signifi-
cant modifications in its flow, justifying the reduction in the
number of interactions.
Satisfaction. Users testing the Final Design prototype rate

the SUS scale with an average of 79.58 points (Standard De-
viation ≈ 16.38, Median ≈ 81.25, Min = 52.5, Max = 100).
Therefore, the Final Design prototype shows an average satis-
faction 3.24% higher than the Original prototype and 7.90%
higher than the Redesign prototype.
The graph in Figure 15 compares user satisfaction among

prototypes. Therefore, we observe that, based on the re-
sponses obtained from the forms filled out by the participants,
the Final Design prototype has a slightly higher score com-
pared to the other prototypes.
User Experience. Figure 16 illustrates the results of the

UEQ. Analyzing each scale through the t-test, we conclude
that there are no significant differences in any of the six UEQ
scales. Therefore, we conclude that both prototypes (Re-
design and Final Design) provide an equivalent user expe-
rience according to the data collected in our tests.
Effectiveness. The Final Design prototype demonstrated
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Figure 16. User Experience Graph Second Round

Figure 17. Comparison chart of effectiveness in each tested prototype

an effectiveness rate of 96.67%. Specifically, participants
successfully completed 58 out of the 60 tasks. Thus, the Final
Design prototype shows an effectiveness 18.38% higher than
the Original prototype and 3.57% higher than the Redesign
prototype.
The chart in Figure 17, illustrates that the Final Design

prototype has better effectiveness compared to the other ver-
sions. However, there is variability in effectiveness for each
task. For example, in Task 7, which involves checking the
payment schedule for the Bolsa Família program, there is no
variation in effectiveness across any of the prototypes. This
is because we do not make any significant modifications to
the flow or structure of using the functionality in any of the
prototype versions. However, if we examine Task 5, which
involves generating a QR Code to receive a Pix payment, we
notice a significant improvement in its effectiveness in the
Final Design prototype. This improvement is attributed to
the fact that we make the most modifications to the flow of
this task.

5.2.3 Final Questionnaire

At the end of the Usability Tests, we ask participants if they
intended to use the application regularly based on their ex-
perience with the prototypes. Of the participants, 66.7%
(N=12) stated affirmatively, while 33.3% (N=6) mentioned
the possibility, and no participant (N=0) indicated that they
would not use it. The justifications vary but could be grouped
into two sets, reflecting the same percentage division in re-
sponses. Those who affirm they would use the application
cited reasons such as “ease”, “convenience”, and “quick ac-
cessibility”. On the other hand, those who responded with
only a maybe mentioned considerations such as “use only
as needed”, “difficulty in finding some functions despite the
convenience”, and “less comfortable than other banking sys-
tems due to the chat simulation”.
We also query the participants regarding their opinion on

the application’s approach of attempting to simulate a chat.
The responses are unanimous: all agree that this approach in-
deed facilitates the use of the application. Some of them com-
ment that it is especially helpful for users who are less famil-
iar with banking applications, making this approach more ac-
cessible to such an audience. On the other hand, only two par-
ticipants mentioned that, despite agreeing that it facilitates
usage, they prefer the standard approach of other Brazilian
banks like Caixa, Banco do Brasil, and NuBank because it is
more straightforward. Thus, there is no need to wait for the
entire automated chat flow.

5.3 Threats to Validity
In this section, we present the threats to the validity of our
study. By following Wohlin et al. [Wohlin et al., 2012], we
organize the threats as Construct validity, Conclusion valid-
ity, External validity, and Internal validity.
Construct validity. We measure the time efficiency by

means of the time in seconds. However, we do not address
tiny differences of time participants can take to perform the
same tasks for different prototype versions. For example, in
Figure 13, participants take a few more seconds to complete
Task 4 for both Redesign and Final Design than Original. In
particular, the interaction flow and screen do not change be-
tween the three prototype versions for Task 4. To mitigate
this threat, we conduct two rounds of Usability Tests and we
also consider other quality factors such as user experience
and satisfaction.
Additionally, we select 16 undergrad students to carry

out the Heuristic Evaluation. Although the have had previ-
ous practice for these kind of evaluation during the Human-
Computer Interaction course, we acknowledge that they are
not long-term experts. This limitation might explain why we
identified a few imprecise or mistaken violations. However,
we analyzed all the violations and discarded those. Thus,
they do not impact our results.
Conclusion validity. We consider ten Caixa Tem tasks in

our Usability Tests. Although, the selected tasks are among
the most used by users, it is still only a fraction of Caixa
Tem’s available features. This way, it would be interesting
to extend the scope of our Usability Tests to consider more
tasks and consequently mitigate this issue.
External validity. In this study, we investigate usability

of Caixa Tem solely. Therefore, we could not generalize
our findings to other applications. Nonetheless, as we ex-
plain in Section 4.2, the Caixa Tem application is crucial for
the Brazilians, especially during the COVID-19 pandemic.
Thus, our results could bring better usability for this applica-
tion and eventually benefit millions of users.
Internal validity. We use Figma to prototype the three

Caixa Tem version: Original, Redesign, and Final Design.
Although this tool is widely used for prototyping [Staiano,
2022], it has limitations. For example, we found four viola-
tions regarding it in our Heuristic Evaluation, as illustrated in
Table 5. Unfortunately, we could not carry out an alternative
Heuristic Evaluation with the Caixa Tem application itself to
mitigate such limitations. This happens due to the sensitive
data that this app handle. Therefore, people would not let we
access their real Caixa Tem account.
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6 Discussion
In this section, we discuss the hypotheses raised in this study
in relation to the results presented in Section 5. We present
our considerations by comparing the Original and Final De-
sign prototypes. Thus, we obtain the following scenario for
each of the hypotheses:

• H1 - The Final Design prototype provides greater user
satisfaction compared to the Original prototype. By
examining the satisfaction metric in the previous sec-
tion (Section 5), we can observe that indeed, the Fi-
nal Design prototype achieves a System Usability Scale
(SUS) score of approximately 79.58 points. This score
is higher than the Original prototype, which obtained
77.03 points. Therefore, the Final Design prototype has
a satisfaction level 3.24% higher than the Original pro-
totype. Thus, we can affirm that the first hypothesisH1
is valid in our study.

• H2 - The Final Design prototype requires less time,
on average, for users to complete tasks compared to
the Original prototype. Upon analyzing the time effi-
ciency metric, we observe that the Final Design proto-
type achieved an average time for each task of 40.1 sec-
onds, while the Original prototype has an average time
of 44.71 seconds. Consequently, there is a time effi-
ciency improvement of 10.32% in the Final Design pro-
totype compared to the Original prototype. Thus, we
can affirm that the second hypothesisH2 is valid in our
study.

• H3 - The Final Design prototype, on average, requires
a lower number of user interactions to complete a task
compared to the Original prototype. When analyzing
the interaction efficiency metric, we observe that the Fi-
nal Design prototype requires an average of 13.75 inter-
actions to complete a task, whereas the Original proto-
type requires 15.41. Therefore, the Final Design pro-
totype exhibits an interaction efficiency that is 10.81%
higher than the Original prototype. Thus, we can affirm
that the third hypothesis H3 is valid in our study.

• H4 - The Final Design prototype provides a better user
experience compared to the Original prototype. When
analyzing the user experience metric in Section 5.2.2,
we notice that there is no significant difference when
comparing the Original prototype with the Final Design
prototype on any of the six scales. Thus, we can af-
firm that both experiences are equivalent based on the
data collected in the study. Therefore, we can refute the
fourth hypothesis H4 in our study.

• H5 - The Final Design prototype ensures better effec-
tiveness in user-performed tasks compared to the Origi-
nal prototype. When analyzing the effectiveness metric,
we observe that the Final Design prototype exhibits an
effectiveness of 96.67%, while the Original prototype
has an effectiveness of 81.66%. Consequently, the Fi-
nal Design prototype demonstrates an effectiveness that
is 18.38% higher than the Original prototype. Thus, we
can affirm that the fifth hypothesis H5 is valid in our
study.

Therefore, we validate four out of the five considered hy-

potheses. Hence, we only refute hypothesis H4, which as-
sesses the user experience, as the data indicates that the pro-
totypes are equivalent.
Heuristic Evaluation is essential for identifying and

proposing solutions to usability issues, highlighting viola-
tions such as the lack of standardization in the iconography
of the Original prototype. When analyzing the application’s
approach, it is possible to identify violations of the H7 - Aes-
thetic and minimalist design heuristic, leading to suggestions
for creating a standardized iconography. Although effective
in problem identification, Heuristic Evaluation alone does
not fully address user perspectives, being limited to the eval-
uator’s viewpoint.
In this context, it is crucial to complement Heuristic Eval-

uation with Usability Testing to comprehensively address us-
ability issues. Using the example of the functionality to re-
ceive a Pix via QR Code, the violations identified and cor-
rected in the redesign version were not sufficient, necessitat-
ing Usability Testing. These tests revealed the need for sig-
nificant changes in the flow of the functionality to enhance
usability in the Caixa Tem application. Therefore, the Usabil-
ity Tests provided sufficient input to make improvements to
the interaction in Caixa Tem. Thus, we modified the flow of
this functionality, as detailed in Section 5.2.1, with the aim
of improving usability at this point in the Caixa Tem applica-
tion.
Users of the Final Design prototype, incorporating all mod-

ifications, take, on average, 40.1 seconds to complete each
task, 4.5 seconds less than the Original prototype (44.71 sec-
onds). Despite the 10.32% decrease in average time, in prac-
tice, this difference is not deemed significant. No user ex-
pressed complaints about the time required, considering it
adequate for successful banking tasks. This metric is not crit-
ical, and in certain cases, increasing the average time may be
acceptable to enhance other usability and effectiveness crite-
ria.
Regarding the average number of interactions required to

complete each task, we also observe a reduction when com-
paring the Original prototype to the Final Design prototype.
In the Original prototype, an average of 15.41 interactions is
needed for each task, whereas in the Final Design prototype,
it is 13.75. Therefore, the difference is not as pronounced
as with time. If we analyze the graphs of time efficiency
and interaction efficiency in Section 5, we notice a certain
correlation between the results for these metrics. Increasing
or decreasing the time needed for a task corresponds to an
increase or decrease, respectively, in the number of interac-
tions required. Thus, we realize that the more interactions
needed for a task, the longer the time required to complete
that specific task.
Among the results for the selected metrics, effectiveness

is the one where we achieved the best result. It is crucial for
users to successfully complete the tasks they need in the ap-
plication; otherwise, this audience may, for example, miss
out on receiving Emergency Aid through Caixa Tem. Thus,
ensuring high effectiveness is fundamental. Upon analyzing
the effectiveness results obtained in the study, we observe
an improvement in the Final Design prototype. In this con-
text, it resulted in an effectiveness of 96.67%, where 58 out
of the 60 tasks performed in the usability test were success-
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fully completed. On the other hand, the Original prototype
demonstrated an effectiveness of only 81.67%, with 49 out
of the 60 tasks successfully completed.
Considering effectiveness as crucial for Caixa Tem, it is es-

sential to address the two usability test failures that prevented
100% effectiveness in the final prototype. Both failures oc-
curred in the same functionality and user profile: checking
the balance for users above 50 years old. The difficulty arises
from the distinct location of the functionality in the applica-
tion header, while others are in the main menu. The attempt
to correct the button text was unsuccessful, suggesting the
inclusion of this functionality in the main menu as a future
alternative. It is relevant to note that users below 50 years
old faced fewer difficulties in this task.
It is also possible to conclude that one of the tasks that

showed the most improvement in these three discussed met-
rics (Time Efficiency, Interaction Efficiency, and Effective-
ness) was Task 5, representing the task of receiving a Pix via
QR Code. In particular, we made the correction of chang-
ing the approach of the application flow, transitioning from a
static screen to a chat simulation like the other functionalities
of the system, as detailed in Section 5.2.1. This demonstrates
that the corrections have a positive impact on these metrics,
especially in terms of effectiveness, as 100% of users were
able to successfully complete the task in the Final Design
prototype.
When analyzing the subjective metrics in the study, we

note that the Final Design prototype has a slightly higher av-
erage score on the SUS scale, registering 79.58 points, com-
pared to the Original prototype’s 77.08 points in satisfaction.
Regarding the user experience, there is no significant dif-
ference in the six scales of the UEQ, suggesting that both
prototypes offer equivalent experiences. We conclude that
the improvements in efficiency, interaction, and effective-
ness do not negatively impact user satisfaction and experi-
ence. The Original prototype, being a system in production,
demonstrates good results in thesemetrics, indicating a likely
concern with user satisfaction and experience.

7 Final Considerations
This study focuses on the usability of the Caixa Tem applica-
tion, which played a vital role during the COVID-19 pan-
demic, being the means used by the Federal Government
to provide emergency financial assistance to the population.
The main goal was to identify and correct usability issues,
followed by prototyping and testing the proposed improve-
ments. Initially, we faithfully replicated the original Caixa
Tem application, conducting a Heuristic Evaluation to iden-
tify and propose corrections for identified usability prob-
lems.
After analyzing the Heuristic Evaluation, we generated a

new version of the prototype, implementing the suggested
corrections, and conducted Usability Tests with users to as-
sess the effectiveness of the improvements. The results in-
dicated improvements in each version of the prototype, with
slight variations in metrics such as satisfaction and user ex-
perience. It is worth noting that no modifications were made
that would alter the original purpose of the application; on

the contrary, the changes aimed to enhance the Caixa Tem’s
base design. We particularly highlight improvements in the
effectiveness metric, demonstrating that the proposed correc-
tions contribute positively to the user experience.
Furthermore, we propose a set of specific corrections that,

based on the obtained data, can be adopted by the Caixa Tem
application to enhance its usability. These improvements not
only address the demands of society, providing amore usable
prototype but also contribute to optimizing the efficiency and
effectiveness of the system in relation to the tasks performed
by users.
Last but not least, as future work, we plan to conduct

Heuristic Evaluations and Usability Tests for the real Caixa
Tem application. This study would bring insights about real
problems that may occur during usage such as network con-
nection failures or occasional bugs. We also plan to eval-
uate the Caixa Tem application regarding accessibility and
communicability. An assessment regarding these additional
quality criteria could bring more insights for improvement
that we could not detect throughHeuristic Evaluation andUs-
ability Tests. Additionally, considering more ethnographic
studies for target participants could help us to better under-
stand issues that are specific to a certain population group,
such as elderly people. Finally, we intend to turn our work
available so that our findings could be useful for the Caixa
Tem designers.
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