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dimensions inherent to the social context interfere with the acceptance of
technological resources, specifically, of a smartphone application in a community.
Data collection was performed by applying two questionnaires to 22 participants
living in the municipality (eight men and 14 women), one being a demographic
survey and the other to evaluate usability focusing on users’ perception of the use of
the application. The application usage scenario is family safety facing the challenges
of mitigating public security issues. The analysis of the results was based on the
reinterpretation of usability from the perspective of the Theory of Innovation
Diffusion and the Recursive Model of Access to Technology. In order to validate the
reliability of the instrument used to collect the data regarding the usability of the
application, Cronbach'’s alpha coefficient was applied. The result indicates that the
instrument used was concise and efficient. The study enabled conclusions pointing
that this type of interpretation allows us to glimpse at horizons that go beyond
explicit aspects of usability, helping to understand environmental and social factors
intrinsic to the context of technological diffusion in a developing society.
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Introduction

The world has been evolving rapidly in the area of computing, especially in rela-
tion to information and communication technologies (ICTs), whereby the social
scenario is transformed by several important historical events [1]. The use of soft-
ware and websites that promote interactions between individuals, groups, and dy-
namic social networking, as well as the widespread use of Internet-connected
devices, are increasingly bringing virtual social networks closer to real ones [2].
The formation of social networks, according to Rand et al. [3], ensures the main-
tenance of cooperativism, which is the central point for the success of human soci-
eties. These networks structure human relationships, which are dynamic and
change each time an individual breaks or creates connections with others. The dy-
namics of these ties profoundly alter the network and thus allow cooperativism to
be maintained or strengthened. Moreover, Elger [4] states that the “technosocial
networks” allow constructing new possibilities for action to change public policies,
in which individuals act directly on their objects of interest. Thus, its relations with
the state are redefined in terms of the formulation of public policies and their ef-
fectiveness, the democratic participation of municipal management and the implica-
tions of daily life, given by urban reconfiguration. For example, the average daily
active user in June 2018 on the Facebook site was 1.47 billion [5]. According to
the Statista website [6], over 95% of these users use smartphones as their access
device and in the last quarter of 2017, Whatsapp averaged 60 billion messages
daily [7].

Increasingly, human-computer interaction (HCI) studies tend to analyze not only the
individual’s relationship with the computer but move toward understanding how people
interact with one another online [8], given the scope and effect caused by such wide-
spread access to networks. Since ICT's are expanding in developing countries, HCI can-
not be complete without studies of interactive systems in these regions [9]. According
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to Ho et al. [9], studies on “development informatics,” “social implications of computers

” o«

in developing countries,” “Information Technologies and International Development,”
and “ICTs and development” culminated in an area of study that investigates how
interactive products, applications, and systems can be adapted to the needs of users
that live in developing regions to reduce the existing infrastructure difficulties in these
regions. For the authors, the result of these studies may be called human-computer
interaction for development (HCI4D). The HCI4D area seeks to understand how compu-
tational technologies can contribute to the socioeconomic development of economically
impoverished communities and/or to solve a specific social or cultural challenge [9-11].
Violence is among the five issues that most concern Brazilians, according to a survey
conducted by Datafolha in September 2018 [12]. Violence can alter the daily lives of
people everywhere, causing loss of quality of life as it inhibits citizens’ freedom of
movement and social interaction [13]. Collaborative self-organization has been one of
the solutions found by communities to address this problem, as is the case in other
areas, for example in healthcare [14]. Collaborative actions by members of a community
partnership produce changes in programs, policies, and practices across the community, re-
shaping their own agencies and organizations, and enabling a better approach to addressing
relevant community issues [15]. Currently, there are security applications that can be used
in the context aforementioned. Specifically for the security area, the following mobile
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applications can be highlighted: Alerta Digital (https://play.google.com/store/apps/
details?id=com.laperlita.commisur&hl=es_419), Life360 (https://play.google.com/store/apps/
details?id=com.life360.android.safetymapd), Agentto (https://play.google.com/store/apps/
details?id=agentto.application), ProtectMe (https://play.google.com/store/apps/details?id=
com.rocketmbsoft.protectme.advanced), CityCop (http://www.citycop.org/), and e Haus
(https://haus-app.com/#/index). The scenario of this work involves a personal safety app for
smartphones.

Based on the above, the research question of this study is how do the different di-
mensions inherent in the social context interfere with the acceptance of technological
resources, specifically, of a smartphone application in a community?

Thus, the research goal is to understand the influence of social dimensions on the
process of acceptance and access to technology through a usability study for collabora-
tive security applications. The analysis tool adds usability to the Innovation Diffusion
Theory alongside the digital technology access model to explain participants’ percep-
tions of the application and its social dimensions. In this paper, the perception concept
adopted is the way in which individuals order and interpret their sensory impressions
regarding facts, objects and people in order to understand their surroundings [16].

This work consists of an extended version of the research published in the Proceed-
ings of the XVIII Brazilian Symposium on Human Factors in Computing Systems
(IHC) in 2019 [17]. The new contribution of this paper in relation to the other one is
related to the validation of the proposed usability model. First, Pearson’s correlation
was applied to verify the interrelationship between the questions. Subsequently, to val-
idate the reliability and consistency of the questions, Cronbach’s alpha was used glo-
bally and also at the individual levels presented in the model, achieving a promising
result.

The following sections present the theoretical foundation (the “Theoretical concepts”
section), which contains the concepts of diffusion and adoption of innovation, access to
technology, and usability addressed in this study (the “Usability, adhesion, and access
theoretical discussion” section). Then, the method and construction of the analytical
model are described (the “Method” section), followed by the analysis of the results (the
“Discussion of results” section). Finally, the final considerations are made.

Theoretical concepts

The process of adopting a new technology is not always clear. At the corporate level,
for example, the inconsistency between high investment in information technology and
its return on productivity was noticed due to low adoption and underutilization of de-
ployed resources [18]. In order to provide support to these problems, several re-
searchers have developed theories about technology adoption processes beginning in
the 1970s. Among the most widespread theories in academia are the Theory of Rational
Action [19], the Theory of Planned Behavior [20], the Technology Acceptance Model
[21-23], the E-commerce Acceptance Model [24], the Unified Theory of Acceptance
and Use of Technology [25], and the Diffusion of Innovation Theory [26].

Analysis of the different approaches to technology acceptance and diffusion reveals
that there are constructs that are theoretically related to each other. Despite having dis-
tinct nomenclatures, the constructs deal with the same elements of human perception
about technology. For example, the “Subjective Standard” presented in Technology
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Acceptance Models is equivalent to some extent to the “Nature of the Social System”
present in the Innovation Diffusion Theory. Thus, the Theory of Innovation Diffusion
[26] was used herein because it presents the concept of information diffusion in a social
environment and explains a definition of the different profiles of technology adopters.

Innovation Diffusion Theory and technology access model

The Innovation Diffusion Theory presents a concept based on communication and
considers the phenomenon of innovation diffusion along the adherence process to new
technologies. For Rogers [26], a publication is a process of disseminating new literature.
In turn, access to this information can reduce an individual’s degree of uncertainty or
risk perception regarding innovation. Diffusion is thus the process by which an
innovation is communicated through certain channels over time between certain ele-
ments of a social system. The author highlights the importance of the social system
and communication channels, since social, and communication structures interfere
with the diffusion of an innovation. Figure 1 shows the diffusion cycle of innovations
over time in relation to adopters.

Communication channels represent the means by which information is transmitted
from one agent to another. In this process, the opinion leader appears as an influencing
agent within the social system. The author argues that there is a temporal sequence of
new technology adoption. It starts with the innovators, followed by the early adopters,
then the early majority; after this, the late majority and, finally, the late adopters, the
last to adhere to an innovation.

In the process of innovation diffusion, five factors influence the innovation adherence
rate, namely perceived attributes of innovation; type of innovation decision; communi-
cation channels; nature of the social system; and extension efforts to promote change
agents (Fig. 2). The adoption rate is the relative speed with which an innovation is
adopted by members of a social system.

According to Rogers [26], the perceived attributes of innovation factor has the follow-
ing constructs: relative advantage is the degree to which an innovation is perceived to
be better than its precursor; compatibility refers to the degree to which an innovation

A
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Fig. 1 Innovation diffusion process. Source: Adapted from Rogers [26]
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Variables Determining the Rate of Adoption Dependent Variable that is Explained

I.  Perceived Attributes of Innovations
1. Relative advantage
2. Compatibility
3. Complexity
4. Experimentation
5. Observability

Il.  Type of Innovation-Decision
1. Optional
2. Collective
3. Authority Rate of Adoption of
Innovations

IIl.  Communication Channels (e.g., mass
media or interpersonal)

IV. Nature of the Social System (e.g., its
norms, degree of network
interconnectedness etc.)

V. Extentof Change Agents’ Promotion
Efforts

Fig. 2 Determinants of the innovation adhesion rate. Source: Adapted from Rogers [26]

is perceived to be consistent with existing values, needs, and experiences of potential
adopters; complexity is the relative degree to which innovation is observed as difficult
to understand and use; observability is the degree to which the results of an innovation
are observable by others; and, finally, experimentation is the degree to which an
innovation can be tried on a limited basis.

Regarding the social system and channels of communication factors, the former con-
sists of “a group of interconnected individuals involved in joint problem solving to
achieve a goal” and the latter are the means by which a message it is transmitted from
one social agent to another, whether through interpersonal relationships or through
mass media [26]. Finally, there are studies that investigate the influence of the decision
type on whether or not to use an innovation, which varies according to its nature (vol-
untary, collective, or authoritarian) and explains that the “Extension of Change Agent
Promotion Effort” affects the adherence rate, although this relationship is generally not
straightforward [26].

The perceived attributes of innovation factor is more emphasized herein, because the
analysis model we propose makes it impossible to deepen the characteristics of the
other factors. It is worth highlighting that studies related to demographics and other
access factors provide more insights about the Rogers social system nature factor, espe-
cially in developing countries. In this case, the infrastructure is usually precarious,
which makes the inclusion of these access models relevant to this study. Thus, consid-
ering the issue of access to technology is pertinent.

The access model addressed here considers mainly the capacity that users have for
using digital technologies. Thereby, the cumulative recursive digital technology access
model was the model used. Van Dijk [27] points out that access assessment must
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consider the social, cultural, and psychological context. The model presented in Fig. 3
describes the necessary steps for the technological appropriation to be realized.

This model describes that, prior to material access, the individual must be motivated
to use a technology (motivational access). Lack of usefulness and need perception, fi-
nancial resources scarcity, or even considering the technology as unskillful are some
reasons of nonexistence of motivational access. Technical and material access refers to
physical means of access to technology. After the first two stages, there is a chain of
three skills (skill access) that rank the technology utilization degree. The lowest degree,
called instrumental ability, describes the ability to work with hardware and software.
The second degree refers to informational skill, which qualifies the ability to search, se-
lect, and process information on networks. The third degree, strategic skill, means the
ability to use technologies to achieve personal goals and to enhance one’s social pos-
ition. Finally, the last level of the model, called usage access, can be measured by time,
application, diversity, connection bandwidth, and intensity of active and/or creative

internet use.

Usability considerations

Usability can be defined as “the ability of the software product to be understood,
learned, operated, and be attractive to the user when used under specified conditions”
[28]. In other words, usability assesses the ease of learning to use the system, the use ef-
ficiency, and the ability of the system to communicate with the user [29]. This encom-
passes improving user interactions with interactive products that enable them to
perform their daily activities [30]. In addition, system functionality also affects usability,
that is, the way elements present themselves and interact with user responses alters

their perceptions [31].

Next innovation

MOTIVATIONAL ACCESS

MATERIAL ACCESS

SKILL ACCESS
Instrumental Digital Skills

Informational
L Strategic

USAGE ACCESS [

Fig. 3 Cumulative and recursive model of successive types of access to digital technologies. Source:
Adapted from Van Dijk [27]
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Usability is a term referring to a range of methods that evaluate user interaction with
product and system interfaces. Usability-related literature often uses terms such as
user-centered design (UCD), HCI, or user experience (UX), addressing design processes
in which end users influence project progress [32]. These concepts reveal in their own
names that, far beyond the software functional characteristics, it is important to think
about the design building processes from the end user's view. In the past, these con-
cepts were worked out in a scattered manner, although they addressed similar
objectives.

Among the most widespread usability standards is ISO 9241-11, which defines
usability and explains how to identify the information needed to specify or evaluate
the usability of a visual interface in terms of performance measures and user satis-
faction [33].

During the development of this research, ISO 9241-11 of 1998 was used. However,
there is a more recent revision of 2018 that includes several new approaches and defini-
tions, such as user-experience, which means user perception, including emotions, be-
liefs, preferences, perceptions, comfort, behaviors, and achievements, related to the
system, product, or service that can occurs before, during, and after use. Even so, the
constructs used in the model preserve the same fundamental characteristics [34].

In the 1980s, usability was commonly referred to as user-friendly. To consolidate
existing theories at the time, Nielsen [35] converged these and other related terms into
one—usability. Nielsen states that acceptability is one of the factors that indicate
whether the system is good enough to meet user needs and requirements. In this con-
text, the author describes the social and practical acceptances of a system, emphasizing,
in the second, the potential of the system to be useful, which can still be understood by
utility and usability, as illustrated in Fig. 4.

The model elements are Learning, Efficient Use, Easy to Remember, Errors, and Sat-
isfaction. Learning is how easy it is for users to perform basic tasks the first time they
use the product. Efficient Use is the speed at which users perform tasks once they know
the interface. Memorization is how easy it is for users, after a certain time without
using the product, to restore their proficiency in use. Errors refer to the number and
severity of errors made by users compared to the users’ ease of recovering from errors.
Finally, Satisfaction points out how enjoyable it is to use the product.

' | .
acczg:;ability /
System 3 %

acceptability ﬂ
* Cost * Easytolearn
Practical — ¢ Compatibility » Efficientto use
acceptability * Reliability * Easy toremember
- * Etc. * Few errors
+ Satisfaction

Fig. 4 Acceptability system attribute model. Source: adapted from Nielsen [35]
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With regard to the usability of mobile devices, in the past, the challenges are also
reflected in their physical limitations and rapid changes in standards and technologies,
i.e., limited screen size, content presentation, limited processing power, and data stor-
age are some of them [36-38]. However, mobile devices have increased their screen
size, memory and processing power. In the last decade, usability mobile applications
have increased enormously as did the challenges in relation to quality. In this way, the
continuous improvement of the structures is moving toward quality assurance [39]. In
addition, there is the difficulty in developing pleasant graphical interfaces with succinct
and intuitive content, which can be considered a consequence of the large number of
application user evasions, that is, applications are installed and used a few times and
soon end their life cycle.

Among different usability evaluation models in the literature, we here use the Post-
Study System Usability Questionnaire (PSSUQ). This questionnaire assesses the satis-
faction of computer system users and it was based on the psychometrics concept,
which analyzes mental and behavioral models of people facing certain tasks [40]. It
evaluates relevant usability aspects in everyday environments and presents 19 questions
under three different dimensions: system utility (1-8), information quality (9-15), and
interface quality (16—18). The last question involves the user’s perception of the whole

system.

Related work

In the technological acceptance field, one can mention Pavlou [24], who investigated
the effective transactions rate in e-commerce, starting from an adaptation of the TRA
model. As a result, risk perception and trust were found to be key attributes for the
successful completion of a transaction and trust is a subjective attribute that precedes
ease of use and perceived utility. However, this approach is very specific and its context
differs from the goals of this research, although the author’s interpretation about users'
perceptions can clarify and enrich this study.

Regarding access to technology, Heeks [41] analyzed the possible causes of the high
failure rate in the implementation of systems, especially in developing countries. The
study concluded that the rupture between the rigid model of the systems development
process often fails to match the flexible sociopolitical reality of the organizational struc-
ture where it is applied. This conclusion leads to questions about the need for techno-
logical adaptation to foreign systems and a development model centered on local
realities. Even though there may context similarities, that is, the use of a foreign system
in a developing country, the model presented by the author addresses the deployment
processes in an administrative environment that has very different characteristics in re-
lation to a civil community.

In the field of usability, Kwee-Meier et al. [42] evaluated usability aspects that affect
communication between mobile devices in critical emergencies. The study lists some
critical emergencies in which information technologies are crucial, such as fires, nuclear
emergencies, and others. As a result, some key recommendations to consider in the
process of developing this type of application have been defined, such as memory reser-
vation, simplified interface, use of strictly necessary information, and effective and con-
stant loading of information. These recommendations are applicable to the process of
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developing a system, which is not the case in this paper, but these concepts can be use-
ful to evaluate some aspects of using an application.

Although these works do not exactly deal with the same theme, the technological fac-
tor inserted in social contexts is present in all of them. The purpose of this study is to
unite the three themes presented—acceptance, adherence, and security—for a compre-
hensive analysis of various factors inherent to the relationship between society and
technology.

Usability, adhesion, and access theoretical discussion

In this section, the differences and similarities of each model are discussed, in addition
to establishing the theoretical relationship between them. For Nielsen [35], the percep-
tion of utility is part of a set of factors called practical acceptance. The social accept-
ability described by the author may be to some extent equivalent to the nature of the
social system. In turn, usability appears as an element that makes up the perception of
utility in a hierarchical chain, unlike other models that level it with other factors.

Rogers [26] starts from the concept of innovation diffusion, describing the role of
communication in this process. The author classifies adopters into five categories ac-
cording to their willingness to embrace a new technology and describes five groups of
factors that determine the success of technological diffusion. In particular, the per-
ceived attributes of innovation construct contains characteristics very close to the ele-
ments contained in the practical acceptance described by Nielsen [35], such as
compatibility and complexity. For this reason, the five factors of the perceived aspects
of innovation construct were considered in the analytical model proposed herein.
Moreover, thinking about new technology adoption cycles is pertinent to this research,
as new applications are created for similar purposes and the competition between them
directly affects users’ perceptions of use.

The Rogers social system nature factor [26] or Nielsen’s social acceptance configure
aspects of influence on individual perceptions and attitudes. Van Dijk [27] focuses on
individual technology access capabilities. At this point, it is possible to see parallels be-
tween the socioeconomic reality of individuals and the different levels of proficiency in
the use of technology, crossing them with the adopter’s profiles described by Rogers.

Following the idea of intersection between theories previously presented, Van Dijk’s
model [27] presents motivational access at the first level, which can be influenced by
various subjective and social factors. Social acceptance, compatibility, and reliability,
presented by Nielsen [35], are aspects that form a structural context for the dissemin-
ation and acceptance of technology, which Rogers classified as observability [26]. Thus,
when the early adopter categories experience innovation and have positive attitudes to-
ward it, a flow of information takes place in a given social environment that leads new
adopters to use innovation. The application in this study uses sensitive user data, mak-
ing it critical for Reliability to be established for the adhesion process to begin.

For collaborative security apps, this first level is of fundamental importance, because
when a person uses this type of application, a relationship between “perceived advan-
tage” and “risks” is made subjectively. When this relationship is positive, it leads to a
technology acceptance attitude, even if there are concerns about the security of one’s
data. Relative advantage and perceived benefit are directly linked to information privacy
[43]. For mobile devices, the cost-benefit ratio is even more delicate, as mobile devices
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have the ability to collect sensitive data full time everywhere, unlike personal computers
[44]. This is evident from the people adhesion to social networks and online shopping
apps. In this sense, what is called the privacy paradox in sensitive information occurs.
Another pertinent issue is the influence of culture on social acceptance. Behavioral,
legal, device access, and cost characteristics are part of the technology acceptance
process.

Levels of material access, cost, and compatibility can be understood as the funda-
mental barriers to physical access. Compatibility can be explained as the conver-
gence of available technologies required for the app, as well as the availability and
access to mobile Internet and a smartphone capable of running the application.
However, for Rogers [26], compatibility appears mainly as a set of subjective as-
pects that provide the conditions that lead to acceptance, that is, existing values,
needs, and experiences.

At Van Dijk’s digital skill levels, it is understood that the potential adopter has some
expectation or opinion about innovation. At this point, the adopter’s attitude is
expressed positively or negatively.

The perception of utility influences the perception of relative advantage that, in this
case, considers the cost-benefit perception that the application offers. When the
adopters fail to realize the app utility, exposing their data can be a proportionately high
cost, convincing them not to use the feature. On the other hand, if the potential
adopters’ attitude is positive at this level, there will be contact with innovation and, at
this point, Usability may play an important role in influencing the experimentation and
perception of complexity of technology. The user experience should be positive enough
to influence users to continue using the technology, and the complexity level should be
proportional with the expected capabilities of the target users.

Throughout the process, environmental and socioeconomic factors differently influ-
ence the different adopter profiles at some point in the adoption process. For example,
higher income and educated adopters should not encounter obstacles at the first levels
of access. Conversely, cultural issues may influence the perception of relative advantage,
be it due to ethical, privacy, or gender perceptions [45, 46]. However, at the last level of
access described by Van Dijk [27], usage comprises those adopters who make full use
of the technology and who already qualify as effective adopters. In this case, all the ob-
stacles of the adoption cycle have been overcome.

Method

Usability questionnaire definition

In this section, we present how the prior explained concepts can integrate the unique
model proposed in this research after combining its elements (Table 1).

As a first step, a usability questionnaire was elected to provide investigative support
over the users’ perceptions during the application use. After this, the questions con-
structs were associated to Nielsen’s [35] usability concepts. Combining some factors
inherited from Van Dijk’s [27] model, these questions could be divided into four access
levels. Finally, considering the social communication and context aspects, Rogers’ [26]
theory comes to reinforce the acceptance aspects correlated with the questions. Table 2
presents more details.
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Table 1 Usability issues. Source: the authors

Construct N° Item

Efficient use It was simple to use this app.

It was easy to find the information | needed.

It was easy to type the messages and insert images into the app.
The information on the application screen is well organized.

Ease of learning It was easy to learn how to use the app.

The symbols and buttons are intuitive enough.

| understood how the app works the first time | used it.

Ease of remembering I can quickly remember how to use the app after a while.

O 00 N O U M oW N

Error handling Whenever | made a mistake using the app, | could undo it easily and quickly.
10 The app offered error messages that clearly told me how to fix the issues.

11 The information (such as online help onscreen messages and other documentation)
offered by the app was clear.

Efficiency 12 The app quickly loads the information on the screen.
13 The messages were sent quickly.
14 | was able to complete tasks quickly using the app.
Effectiveness 15 The app information was effective in helping me complete the tasks.
16 The application has not stopped working or has ever closed.
17 | believe it could quickly improve community surveillance with the app.
Satisfaction 18 The application interface is nice.
19 I enjoyed using the application interface.
Acceptance 20 | am satisfied with the application and intend to continue using it.

21 | want to encourage others to use this app.

From the questionnaires identified in this research, an evaluation of their items was
performed in order to formulate the questions to be used. During the evaluation, prob-
lems such as complexity, confusion, redundancy, and high number of questions were
found.

The questionnaires selected were SUS—System Usability Scale—adopted by Brooke
[47], MPUQ-Mobile Usability Questionnaire—proposed by Ryu [48], a questionnaire
adopted by Hussain and Kutar [49], another one proposed by Hoehle and Vankatesh
[50], and, finally, the PSSUQ-Post-Study System Usability Questionnaire—proposed by
Lewis [40].

The analysis of PSSUQ reveals that simplicity and objectivity are important points for
an evaluation that seeks the generalization of a concept. Despite not designed to

Table 2 Relationship of theoretical approaches to usability issues. Source: the authors

N1 N2 N3 N4

Van Dijk [26] Motivational Material Access Access Skill (Instrumental)  Access Skill (Informational/
Access Strategic)

Nielsen [33]  Social Acceptance, Compatibility, Cost  Usability Utility
Reliability

Rogers [25]  Observability Compatibility Complexity, Relative Advantage

Experimentation
Issues Q19 Q12,Q13,Q14,Q16 Q1-Q6, Q8, Q9, Q18 Q7,Q10,Q11,Q15,Q17,

Q20, Q21
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specifically evaluate mobile applications, as well as others listed herein, it focuses on de-
termining the degree of usage satisfaction, involving some generic usability features of
any system. For this reason, PSSUQ was elected as the most consistent with this re-
search; however, some adaptations were necessary.

For the better use of the information collected, some questions were removed or
modified, and others were added to the questionnaire. The term “system” has been re-
placed by “application.” One of the questions has been changed to emphasize improv-
ing community surveillance rather than questioning improving productivity.
Additionally, a verification of the agreement of the dimensions approached by the
PSSUQ in relation to the Nielsen [35] and ISO 9241-11 [33] classifications was per-
formed. Note that the aspect of ease of remembering is not related to any item (Fig. 5).

Thus, a question regarding ease of remembering was added to the questionnaire. In
addition, another question has been added to investigate usage intention to measure
application acceptance level. Ten other questions related to the app were added,
namely efficient use (issue 3), ease of learning (issues 6 and 7), ease of remembering
(issue 8), efficiency (issues 12 and 13), effectiveness (issues 16 and 17), and acceptance
(issues 20 and 21).

Although usability analysis is generally used to identify problems throughout the life
cycle of the system, its concepts are used in this context to obtain the aspects of using
an application in the use stage. Based on the usability issues defined at this stage, it is
necessary to combine the three theoretical approaches proposed herein, presented in
Table 2. The resulting questionnaire is presented in Table 1. Four access levels named

NIELSEN
LEWIS Efficientto
use
System Utility Ease to learn

Quality \\ remember
Interface
Quality

Satisfaction

1SO 9241-11

Effectiveness

Fig. 5 Ratio of Lewis, Nielsen, and ISO 9241-11 dimensions. Source: the authors
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N1 to N4 are classified. Each level presents the correlated aspects of each theory and
the convergence of the theories addressed with the corresponding questionnaire issues.

At the first level is issue 19, which verifies the appreciation of using the application
interface, since this feature is understood as a relevant factor for motivational access.
Regarding the “social acceptance” and “reliability” factors, information prior to the test
application process should be considered. These issues are addressed in more detail in
the section on results analysis.

The second level of access contains issues regarding application efficiency, as each
device has its own processing power, just as each type of Internet connection interferes
with the process. For “instrumental access,” the “efficiency of use” and other questions
that investigate the personal abilities to deal with the basic functions of the application
were grouped. Finally, at the “informational access” level, there are issues that assess
the quality of user information interpretation and the ability of the application to pro-
vide clear information.

Given the central objective of this research, the proposed model for the diffusion and
adherence to the technology cycle is illustrated in Fig. 6.

According to the proposed model, the adhesion cycle begins when individuals have
their first contact with a given innovation. The access levels are organized so that the
user’s individual ability to use technology becomes more complex. The number of users
involved in the adoption cycle is expected to decrease as the process progresses.

It is understood that the first two levels, N1 and N2, are more influenced by external
factors, either by social context or by physical and material conditions. For the next
levels, the influence on the process of technology assimilation is largely exerted by sub-

jective factors, such as the perception of complexity or relative advantage.

Determining Aspects

- Informational Skill
N4 - Utility
- Relative Advantage

Aspects of Use

- Instrumental Ability .é
N3 - Usability g

- Trialabitity b4
- Complexity

Physical Aspects

- Material Access
N2 - Compatibility
- Cost

Nature of the Social System

- Motivational Access
Communication

N1 - Social Acceptance
- Reliability
- Observability

Innovation Diffusion

Fig. 6 Recursive model of access, adhesion and diffusion of innovation. Source: the authors
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Communication is embedded in the process being exerted by the influencing agents
involved in a social context. An individual becomes an influencing agent when he/she
has knowledge and an opinion about the resource experienced. New users are inserted
in the adhesion cycle by the positive perception of innovation, which characterizes the
diffusion process. Thus, it is possible to reread the usability constructs by approaches
that allow identifying the access levels and the attitude of users.

Definition of procedures

In this research, a case study was conducted from which we analyzed the different per-
ceptions and acceptance levels of people living in the city of Itajub4, south of the State
of Minas Gerais, in relation to the Life360 application. This municipality had an esti-
mated population of 97,000 inhabitants in 2017, according to data from IBGE—Insti-
tuto Brasileiro de Geografia e Estatistica [51]. The approach occurred in two ways: (i)
through direct contact with the acquaintances of the researchers; and (ii) by inviting
parents and students from two state schools in the city. The approaches were chosen
seeing that this type of application requires a certain degree of confidence of the partic-
ipants; therefore, the sampling model is configured as non-probabilistic convenience
sampling. In this context, it is important to emphasize that this research followed the
ethical precepts determined by Resolution n° 510 [52], of April 7, 2016, and that, when
volunteers were invited to participate in the research, they received an explanatory text
about the objective of the research and the confidential character of the information
collected. At the end of the explanation, those who agreed to participate in the research
signed an informed consent form, as can be seen in Oliveira [46].

The study employed field research for its empirical process because this method aims
to study a single group or community in terms of its social structure, highlighting the
way its components interact [53]. For Giinther [54], this method is interesting, espe-
cially from the point of view of qualitative research, enabling different approaches and
techniques in the same study.

Data collection was performed by applying a questionnaire containing usability ques-
tions scored according to the five-point Likert scale, with answers ranging from 1 to 5,
where 1 represents “totally disagree” and 5 represents “totally agree.” This type of ques-
tionnaire is characterized as a structured interview, consisting of fixed questions, main-
taining order and wording for all respondents [53].

The selection of the application studied was based on criteria such as language, avail-
able platforms, functionality, and group control. Particularly, the object of study is
Life360, an application available for Android and iOS platforms whose purpose is to
alert groups of people, called circles, about events and risk situations. The app also al-
lows group communication with text messages and other media, as well as enabling a
danger alert to be triggered for all the members of a group.

The usability test was the method chosen, because it is the evaluation of a product
throughout the life cycle, including the use phase. In addition, it is suitable for the ac-
tual environment of use. The qualitative evaluation was performed empirically, which
occurred through the application of a questionnaire to evaluate the usability and ac-
ceptance of the Life360 application. Additionally, a demographic questionnaire was ap-
plied to collect information about the profile of each participant. This questionnaire
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allowed us to identify the different levels of access to technology according to the ac-
cess model presented by Van Dijk [27]. Participants were presented with a roadmap of
activities to guide them in the process of using the application.

All content and explanatory material for the research were presented to participants
through a web page available at: https://pesquisa-life360-unifei.firebaseapp.com. On the
home page, there was a brief description of the survey and an explanatory video de-
signed to attract the attention of younger applicants, as they are generally unwilling to
read all the content presented. In a superior menu, as well as links distributed by the
page contents, we presented the Life360 application, the informed consent form, the re-
search execution script, and, finally, the questionnaire link. The questionnaire was
made available with the help of the Google Forms tool, which allows to quickly gather
all the answers obtained.

Study participants were asked to use the Life360 app for at least 3 weeks with family
members. Guidance was for participants to respond to the questionnaire only after per-
forming all the procedures presented at the end of the suggested period of use.

Execution

The execution of the study had the direct and indirect approach of the participants.
Direct approaches took place through personal contact, telephone (26 people), email
(four people), and text messaging in the Whatsapp app of people from the researcher’s
family and friendship circle, totaling 10 contacts. Indirect contacts occurred in What-
sapp groups and by an invitation letter distributed in two schools of the municipality,
totaling 130 students approached in the sixth and seventh grades of elementary school.

The Whatsapp groups addressed were a neighborhood group of 53 participants; a
group of students from ENEM (Exame Nacional do Ensino Médio) preparatory course
with 106 students; a group of teachers of the same course with 12 members; and a
group of 14 graduate alumni in Information Systems. Overall, 334 contacts were made,
of which 22 answered the questionnaire.

The materials used were the participant user’s smartphone, web page, and a video to
disseminate the content and explain how the research was conducted, as well as the
participant’s own Internet.

In addition to the ethics term presented to the guests through the disclosure site, the
free and informed consent for the participation of minors in the research is understood
as the parents participating in the study with their children, thus having prior know-
ledge of objectives and risks inherent to the execution of the research.

Discussion of results

Table 3 presents the profiles of the survey participants. Female is identified by the letter
F and male by the letter M; ages are distributed by ranges as described in the demo-
graphic questionnaire as well as household incomes with minimum wage ranges; edu-
cation is synthesized with the abbreviations POS for complete postgraduate, GRAD for
complete higher education, HS for complete high school, and PRIM for complete elem-
entary school. The areas of professional practice are represented by abbreviations,
TECH referring to technology, EDUC to education, STUD to student, ADM to admin-
istration, SELF for self-employed professionals and entrepreneurs, WORK for workers,
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Table 3 Demographic questionnaire results. Source: the authors

Gender Age Income Education Profession Operational system Device Use
P M 31-40 03-05  POS EDUC ANDR. GALAXY S4 2
P2 F 31-40 02-03 HS HOUS ANDR. ASUS 2
P3 M 26-30 03-05  GRAD TECH ANDR. AUSUS ZENFONE GO 2
P4 F 26-30 03-05  GRAD ADM ANDR. Moto E 5
PS5 F 31-40 01-02 GRAD SELL ANDR. SAMSUNG J5 2
P6 M 41-59 03-05 HS SELF ANDR. SAMSUNG J5 5
P7 F 26-30 05-10  GRAD STUD ANDR. ASUS SELFIE 5
P8 M <18 <01 HS WORK ANDR. MOTO E 4 3
PO F 31-40 <01 HS SELF ANDR. MOTO G 4 PLUS 5
P10 F 31-40 01-02  POS EDUC ANDR. GALAXY GRAM DUOS 3
P11 M 26-30 01-02 GRAD STUD ANDR. MOTO G 2 5
P12 F 18-25 02-03 HS EDUC ANDR. SAMSUNG J5 2
P13 F 18-25 01-02  PRIM STUD ANDR. MOTO G 55 3
P14 F 31-40 05-10  POS TECH ANDR. GALAXY S6 5
P15 F 26-30 03-05  POS TECH ANDR. MOTO G4 5
P16 M 26-30 03-05  GRAD TECH ANDR. ZENFONE 6 5
P17 M 26-30 03-05  POS TECH ANDR. MOTO G P. 5
P18 F 26-20 03-05  POS EDUC ANDR. MOTO G5 P. 5
P19 F 31-40 01-02 HS STUD ANDR. GALAXY DUOS 3
P20 F 31-40 02-03 HS ADM ANDR. MOTO GT 2
P21 M <18 01-02 PRIM STUD ANDR. GRAN PRIME 2
P22 F 41-59 02-03  PRIM WORK ANDR. GALAXY DUOS 2

HOUS for housewife, and SELL for seller. The operating system of all participants’ de-
vices was Android. Finally, the type of use is numbered between one and five, according
to the order of the demographic questionnaire options, which also represents a degree
of use (Table 4).

Note that more than 60% of the participants are female (Table 5). Possibly, this fea-
ture plays the role of mothers who are most interested in accompanying their children,
while men may be more interested in tracking the location of their wives. This could
be perceived in some participants’ speech when asked about the research questions, as
other observations described in the analysis. Another point observed is the type of
smartphone usage reported by users, with almost half of the responses for level five
usage (45.45%). Is is possible to analyze these participants in a distinct group (group A)
from the others, who declare to be between levels two and three, considered the second
group, with 54.54% of the answers (group B). The analysis of these two user groups,

Table 4 Type of use. Source: the authors

Use Goal

1 Only for calls and text messages
For calls, sending messages and some applications such as Whatsapp, Facebook and Instagram
To play and for some applications such as Whatsapp, Facebook, and Instagram

For everything, but there was some difficulty in setting up and in installing applications

v~ W N

For everything, with good ability to configure and to install applications
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Table 5 Demographic questionnaire category frequency. Source: the authors

Gender Age Income
F 63.64% 41-59 9.09% <01 9.09%
M 36.36% 31-40 36.36% 01-02 27.27%
26-30 36.36% 02-03 18.18%
18-25 9.09% 03-05 36.36%
<18 9.09% 05-10 9.09%
Education Profession Use
POS 27.27% TECH 22.73% 1 0.00%
GRAD 27.27% EDUC 18.18% 2 36.36%
HS 31.82% ADM 9.09% 3 18.18%
PRIM 13.64% SELF 9.09% 4 0.00%
WORK 9.09% 5 45.45%
STUD 22.73%
HOUS 4.55%
SELL 4.55%

here named A and B, allows us to investigate their propensity to have a certain attitude
toward the application. Theoretically, group A participants are expected to have better
usage skills and tend to belong to the early adopter categories, making their acceptance
tend to be more positive than the others.

That said, the analysis of the answers collected by the use questionnaire follows. For
better guidance and understanding, the results are discussed following the order of ac-
cess levels, classified according to Table 2. An acronym was adopted for each type of
response, where TD means “totally disagree,” PD means “partially disagree,” N for
“neutral” responses, PA for “partially agree” and,finally TA for “totally agree.”

The first level of access (N1)
The first level (N1), which represents the intersection between the factors “Motivational

» o«

Access,” “Social Acceptance and Reliability,” and “Observability,” is associated with the
questions of “subjective norm” or “social nature of the system” from the cultural and
socioeconomic aspects of the municipality of application of the research. According to
Nielsen’s model, “social acceptance” is paralell to “practical acceptance”; however, peo-
ple’s attitude tends to be positive toward the application when there is the influence of
the social environment that induces them to have a good perception of technology,
which in turn leads them to risk experimenting with the artifact. For this reason, the
observations made at this level are strongly focused on the non-respondent candidates
who expressed some reason for not participating in the survey. Nevertheless, it is
understood that question 19 (“I enjoyed using the application interface”) may reflect the
motivation of the user, who has reached a certain level of confidence to try Life360.
The answers to this question are presented in Fig. 7.

Regarding usability, it is understood that satisfaction can positively influence the first
impressions of use of the application. In this case, more than 60% of the participants
totally agree to enjoy using the app. Of the TA responses in relation to the total an-
swers (22), 50% are female (78% of women versus 37% of men with this answer), 50%
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erface"

Q19

B Totally Agree

0 5 10 15 M Partially Agree

Frequency Neutral

Fig. 7 Usability issue related to access level 1. source: The authors
A\

are between 26 and 30 years old, ~ 27% have incomes between one and three minimum
wages, and ~ 18% have incomes between three and five minimum wages. The fact that
women are more attracted to the application interface than men may be related to the
familiar theme presented in the images or to using more cheerful colors. Regarding the
type of use, group A has 27.27% of the TA responses against group B which has 36.36%
for the same response. Contrary to expectations, group B had greater appreciation for
the application interface than group A. One possible explanation would be that users
with less contact with applications feel more enthusiastic about novelty than those who
already have past experience with other applications, which may also interfere with the
expectation that the new application behaves similarly to others, respecting a usability
standard. Perhaps because it is an application with a different purpose than the usual
applications (Instagram, Whatsapp, and Facebook), the way to use it deviates from the
expected standards.

When considering non-respondents to the survey, it is possible to assume that in
order to motivate the use of the application, the individual must have prior knowledge
about the innovation, so that an opinion can be formulated regarding the potential ben-
efits offered. Since it is a relatively recent resource and has few users in the region stud-
ied, there is no influential group of innovators that can communicate the advantages of
innovation in the social environment, making it difficult to disseminate the technology.
Another important aspect that should be emphasized is that the research was entirely
carried out with the voluntary participation of the candidates, that is, there was no im-
position that forced their participation. This may explain the adherence of only 6.58%
(22 people) of the survey guests.

During the direct telephone contacts with 26 parents of students from the two
schools who received the invitation letter, nine explicity stated that they did not want
to participate in the survey because they did not feel secure in providing personal infor-
mation to the application. This phenomenon reveals that “reliability” is a central elem-
ent in the motivation of individuals, as it is an unknown resource presented by an
unknown person. In this case, doubts about the true purpose of the application makes
the experimentation process difficult.
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Of the candidates contacted in person or by phone, six said they did not have enough
memory space on their smartphones to install Life360. Two other candidates said they
did not have a smartphone that could support installing the app. Another candidate re-
ported that he only uses the Internet via his smartphone in places with a connection
provided by the free city government and that he rarely buys the mobile operator’s
Internet data package. Because they do not have the minimum resources necessary to
participate in the research, 2.69% of the candidates are not able to reach the level of
material access, which falls under the second level of this study.

The second level of access (N2)

The components of the second interaction level (N2) are “material access,” “compatibil-
ity,” and “cost.” As for compatibility, efficiency and effectiveness issues make sense in
this dimension, as not all devices have equal processing capabilities. Compatibility can
also be understood by the ability of hardware and software to interact seamlessly, which
converges with the cost of each device. Therefore, issues related to this dimension are
part of the efficieny and effectiveness constructs presented in Fig. 8.

When asked if the application loads the information quickly, or if the application has
sttoped working at some point, the answers indicate that in some cases the operation
was not fully satisfactory, as in question 12 (“The app quickly loads the information on
the screen”), 50% of the answers were PA and 18.18% of the answers were N. Of the
participants who answered PA, 63% belonged to group B and 80% of N responses were
from participants in group A. Among the respondents who answered TA, the distribu-
tion between groups is more homogeneous, with 57% of the responses belonging to
group B. Probably, group A participants are most easily frustrated when the application
is slow or crashes.

No cost relationships of the devices with their performance were observed, which
leads to the hyphotesis that the problems occurred during use are linked to the quality

Q16 - "The application has not stopped working or has eyver closed"

Qil6

1Q14 - "1 was able to comple using the app

Q14

| Q13 - "The messages were sent quickly"

Qi3

{Q12 - "The app quickly loads the information on the screen

Q12 H Totally Agree
. H Partially Agree
0 5 10 15 20 Neutral
Frequency Partially Disagree

Fig. 8 Usability issues related to access level 2. Source: the authors
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of the available Internet. In addition, regarding application failures, women had more
negative responses than men, which may suggest different usage habits that may lead
to system crashes. However, even women with the highest occurrence of failures were
the ones who most appreciated the interface and the use of the system, which suggests
greater tolerance for possible errors.

Respondents in group A generally had less positive responses than participants in
group B. Interestingly, 18.18% of the participants in group B who answered TA are in
the 31-40 age group. Everyone in this group with this answer has an income between
one and three minimum wages. Maybe, for group A, realiability is more difficult to
achieve, as they have a clearer perception of risks, which makes them think longer be-
fore taking action.

Question 16 returns the device ability to process the application, and access can be
considered full or partial by considering that not all smartphones have the processing
and storage power needed to run Life360, or that the Internet available is not sufficient
to effectively exchange information. Thus, about 27.27% of the respondents did not
have a full user experience, indicating application compatibility issues with features
available to users. It was also identified that 83.33% of these respondents were female.
Women may have particular usage habits, which may cause the device to occupy mem-
ory, causing Life360 to crash, or women may interact differently with the application
interface, which could trigger some kind of runtime error in the system. Interestingly,
although women have experienced some form of application malfunction, they are still
the ones who most enjoyed interacting with the application interface, which may mean
women’s higher level of tolerance for system errors.

The third level of access (N3)
Regarding the third level of access defined in this research by the conjunction of “acess
skill (instrumental),” “usability,” and “complexity and experimentation,” we highlight
the issues related to the application interface and the ease for users to interact with the
system.

Instrumental access, as explained, is described as the users’ ability to work with hard-
ware and software. Therefore, the usability constructs that most closely match these

” «

features are “Efficient Use,” “Ease of Learning,” “Ease of Remembering,” “Error Hand-
ling,” and “Satisfaction.” In turn, “Complexity” and “Experimentation” are constructs
directly influenced by the usability elements listed herein a positive correlation between
these factors is expected. “Efficient Use” is understood as the ease of user interaction
with the application interface, unlike the idea of efficiency in performing a task. The
answers to this level are shown in Fig. 9.

“Efficient Use” (questions 1 to 4) generally presents a good level of agreement, with a
50% average of TA responses and 39.77% of average in PA answers.

For the first question (“It was simple to use this app”), there is a distribution of
54.54% of PA answers and 40.90% of TA answers. As for user groups, group A had
31.81% of PA responses and 13.63% of TA responses, compared to 27.27% of PA and
TA responses for group B. Among the participants who answered TA, 22.72% are be-
tween 31 and 40 years old and the same proportion has completed high school. Among
those who answered PA, 27.27% are between 26 and 31 years old and 22.72% have a
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Fig. 9 Usability issues related to access level 3. Source: the authors

postgraduate degree, as well as the same proportion for income between three and five
minimum wages. The answer to why older and less educated participants have more
positive answers to ease of use than younger and more educated respondents can be
found in the next issues.

The second question (“It was easy to find the information I needed”) has 18.18% of N
responses and 40.90% of PA and 40.90% of TA answers alike. For N responses, there is
a uniform distribution between demographic classifications and between groups A and
B, but for PA and TA responses there is an inversion of distribution, and group A has
22.72% of PA responses against 18.18% of these answers for group B; for TA, responses
are 13.73% of group A versus 27.27% of group B. This behavior may be one of the fac-
tors that would explain the answers to the first question, since group B participants
stated that they were more likely to find the information they needed and this may ex-
plain the perception of ease of use.

In assessing the third question (“It was easy to type the messages and insert images
into the app”), it is clear that the motor condition and the proximity to smartphone use
are aspects that reflect not only the individual’s capabilities, but also the ability of the
interface to provide the necessary resource so that users, regardless of their capabilities,
can perform well. Thus, 63.63% of the answers were TA, demonstrating good suitability
of the application to users. However, it is interesting to note that the N answers were
given by participants over 31 years old with completed high school.

In the fourth question (“The information on the application screen is well organized”),
the answers would be expected to be as close as possible to the second question, since
if the information is well organized it would soon be easy to find the necessary infor-
mation. However, the answers to this question are more positive than to the second.
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Once again, the highest concentration of TA responses is from participants between 31
and 40 years old (31.81%) who have completed high school (27.27%). There is still a
tendency for group B to have a better appreciation for this feature, with 45.45% of TA
responses in this group versus just 9.09% of these responses for group A.

Possibly, older and less educated people are more flexible and easier to please with
an interface, although they encounter some difficulties in handling the device. Regard-
ing the fact that younger people declare more difficulty in finding information, the an-
swer may be the impatience to read and interpret textual content, even with higher
education, which would be aggravated by the intuitiveness and flow of use negatively
perceived by these users.

As for “Ease of Learning” (questions 5 and 6), there is a slight increase in the N an-
swers, a tendency that tends to increase this type of answer since the higher the level of
access, the lower the level of adequacy for a current technology by thinking about the
inovation adoption cycles proposed by Rogers [26].

In the fifth question (“It was easy to learn how to use the app”), answers N are well
distributed in the categories of income, age, and education, but all belong to the partici-
pants in group B, which makes perfect sense, since they consider themselves to be
poorly able to use smartphones. However, group B also had a higher concentration of
TA responses (31.81%), while group A had an equal proportion of PA responses. This
is consistent with the characteristics raised in the first level of access, in which past ex-
periences with other applications influence the perception and understanding of sym-
bols in a negative way when there are differences in the standards adopted.

In the eighth question (“I can quickly remember how to use the app after a while”),
31.81% of the answers were N and 22.27% were PA. It appears that group B partici-
pants have better memory, with 31.81% of TA responses, than group A participants,
with only 13.63% for this answer and 22.72% of responses N. The same is true for users
who are between 31 and 40 years old, with 22.72% of TA responses. It would be pos-
sible to relate this evidence to the different ability to concentrate for each age group.
Possibly, younger people have lower ability to focus on one activity for a long time.
Hence, process memorization is less efficient than for older people, who may be more
patient and focused. However, the application proposal may arouse less interest in
young audiences, which in turn would reduce the motivation to understand how the
system works.

The ninth question (“Whenever I made a mistake using the app, I could undo it easily
and quickly”) is framed in the usability construct “Error Handling,” though, is an issue
that involves the flow of utilization, unlike questions 10 and 11 dealing with informa-
tion. This issue can also be affected by the ease of finding the required information or
interpreting symbols and buttons. Thus, an almost uniform distribution is observed be-
tween the N, PA, and TA responses. As noted earlier, the level of agreement tends to
decrease as the level of access and complexity of application-user interactions increase.
The even distribution of responses among demographic classifications and between
groups A and B reveals that problems of fluidity in navigating functions are in the ap-
plication itself, regardless of who uses it.

Finally, in question 18 (“The application interface is nice”), the answers were very fa-
vorable regarding “usage satisfaction,” obtaining 63.63% of TA answers. Following the
trend of previous questions pertaining to this level, the highest concentration of TA
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responses was 31.81% of participants aged 31-40 years old. Satisfaction is understood
as reflecting the sum of the results from the questions of “ease of use,” “compatibility,”
and “complexity” previously evaluated. Thus, there is evidence that there is a correl-
ation between the responses of each construct with the demographic characteristics of
the participants.

In general, the level of “Instrumental Use” is well acepted because it presents a pleas-
ant and quick understanding interface, revealing greater acceptance by older users, less
educated, and belonging to group B. Nonetheless, participants that have the necessary
motivational and physical conditions to use the application are expected to be able to
“mechanically” use this type of feature, since the level of information required for its
use is not very advanced, unlike the fourth level of access.

The fourth level of access (N4)
This level comprises the sense of “utility” and “relative advantage,” determinants that
reveal the influencing perceptions of attitude, and indicate more elements of the “social
nature of the system”/“subjective norm”/“social acceptance” than previous access levels,
therefore grouping the issues that address application acceptance and effectiveness.
From the individual point of view, the “informational and strategic skill” involves the
questions regarding the interpretation of information. All the questions pertaining to
this level are shown in Fig. 10.

Observing the responses of this level, the higher frequency of disagreement compared
to the previous levels is observed, as expected and explained above. It can be said that
the understanding of how the application works is due to the good level of agreement

Q21

Q20 - "I am satisfied with the applicat

Q17 - "I believe it ¢

ion and intend to continue using it"

Q20

ould quickly improve community surveillance with the app"

Q17

-Q15 - "The app information ctive in helping me ¢complete the tasks"
Q15

Q11 - "The information offered by the app was

Ql1

Q10 - "The app offered error messages that clearly told me how to fix the issues"
Qlo0

Q7 - "l understood app works the first time | used it"

H Totally Agree
Q7 W Partially Agree
| | | Neutral
0 2 4 6 8 10 12 14 Partially Disagree
Frequency M Totally Disagree

Fig. 10 Usability issues related to access level 4. Source: the authors
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for usage issues, especially at the third level. However, understanding the operation of a
technology may not necessarily mean that its purposes have been understood or that
this factor is determinant for constructing the perception of “Relative Advantage.”

For the seventh question (“I understood how the app works the first time I used it”),
there are 9.09% of PD, all from group B participants. Among the other answers, there
is an almost homogeneous distribution between groups and demographic classifica-
tions. With 59.09% of responses TA and 18.18% of answers PA, it can be said that the
application is easy to understand. However, the neutral and discordant responses may
be the result of dealing with an application that presents a very different proposal from
the usual, as exposed in the first level of access. It also reveals the difficulty in under-
standing the application by less skilled users.

In the tenth question (“The app offered error messages that clearly told me how to fix
the issues”), which deals with the quality of the information offered by the app, the level
of agreement is low, with only 22.73% of responses TA. As for user groups, group A
had more N responses, 22.72% against 9.09% of group B, while group B had more PA
responses, 31.81%, against 4.54% of group A. Regarding demographic classifications,
once again there is a good distribution between the factors of age, income, and educa-
tion. It seems that the low level of agreement is a result of the application failure to
provide the necessary messages for a good understanding of the failures. Conversely,
the application may have worked so well that there was no error situation, which is
consistent with the answers to question 16, resulting in the high number of answers N.

Then comes question 11 (“The information (such as online help onscreen messages
and other documentation) offered by the app was clear”), which assesses both the indi-
vidual’s ability to interpret the information and the ability of the application to provide
it. Thus, there is a concentration of 54.54% of TA responses, all female respondents,
distributed in 36.36% for group B and 18.18% for group A. Still regarding these an-
swers, 27.27% are between 31 and 40 years old and 22.72% have completed high school.
Perhaps because they became more familiar with the application interface, as question
19 shows, women assimilated information better than men.

Regarding the “Effectiveness” approached by usability, questions 15 (“The app infor-
mation was effective in helping me complete the tasks”) and 17 (“I believe it could
quickly improve community surveillance with an app”) are distinguished at this level of
access.

Question 15 reflects the same behavior as questions 9 and 10, and perhaps this is
why 36.36% of the answers were N, 27.27% of PA answers and 36.36% for TA. For the
user groups, 27.27% of the N answers were from group A versus 9.09% of group B.
Among the TA answers, 22.72% are from participants between 31 and 40 years old be-
longing to group B. The fourteenth question can also be explained by these data, since
group A feels less efficient in completing the tasks, and the perception of lack of infor-
mation can also be one of the causes.

Question 17 is directly associated with the perception of “Utility” and “Relative Ad-
vantage.” Since the purpose of the application is to provide means of mitigating pos-
sible detours, whether by kidnapping or an unexpected event, there were 9.09% of
answers PD, 13.63% of responses N, 22.72% of answers PA, and 54.54% for TA. The
PD responses are all from group A, a characteristic that evidences the influence of per-
ceived risk and confidence in the perception of utility, which is consistent with the
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suspicion raised in the fourteenth question. Similarly, TA responses are concentrated
in group B, with 36.36% versus 18.18% of group A.

Finally, questions 20 (“I am satisfied with the application and intend to continue
using it”) and 21 (“I want to encourage others to use this app”) compose the usability
“Acceptance” construct that expresses the intended use, that is, the attitude of users
arising from a set of perceptions of utility and relative advantage over the resource.

In question 20, the distribution of the answers were 9.09% TD, 4.54% PD, 13.63% N,
36.36% PA, and 36.36% TA. All N and discordant responses belong to group A. For the
TD answers, their respondents belong to group A, are female, with complete higher
education and an income above three minimum wages and aged between 26 and 30.
TA answers have 27.27% female responses and 22.72% have completed high school and
27.27% have an income between one and three minimum wages. Here, there are two
basic issues to raise. The first concerns why younger, higher-income, more educated
women have greater rejection of Life360 than lower-income and less educated women,
and secondly, even though women in group A have enjoyed using the app, seen in
question 19, there is still rejection by them. These young women are likely to prioritize
their studies and careers over having children and caring for a family. It is also likely
that there is some family structure that provides the security necessary to avoid worry-
ing about violence or being financially able to live in less unsafe areas. For these rea-
sons, using a smartphone as a security tool is likely to seem unnecessary from these
perspectives. It could be said that the people who most need technology as a means of
promoting quality of life have the least access to them.

The last question evaluates the potential of disseminating this technology in this so-
cial environment. Thus, with more than 70% of concordant responses (36.36% PA and
TA equally), there is a majority of participants who can spread the idea of using
Life360. For the discordant and neutral responses, the same tendency as the previous
question follows, which is consistent with the ideas presented in the TAM model, that
the perception of utility is paramount in the acceptance process, or with the Innovation
Diffusion Theory, in that the perception of utility spreads according to the belief of the
early users.

The usability components are verified to establish relationships between them ac-
cording to the demographic profile of users, but it is still necessary to explain how the
elements of an access level interfere with the next level. The performance of the instru-
mental level of use is expected to yield corresponding results at the informational level,
since the perceived ease of use and understanding the information are related. Yet
Venkatesh and Davis [22] indicate that the perception of utility has a greater influence
on attitude than the elements of ease of use.

By applying Pearson’s correlation between the questions, eight occurrences were
found with correlation coefficient r > 0.6 (Table 6). Due to the restricted sample num-
ber, this value is considered a strong correlation.

The first correlation is between questions 2 and 6 (p = 0.001), which indicates that
the ease of understanding symbols and buttons directly influences the ease of finding
information in the application. Still correlated to question 6, the fourth question sug-
gests that the perception of information organization on the application screen is posi-
tive when there is intuitiveness of the symbols used (p < 0.001). These correlations
present interactions corresponding to the instrumental level of use, but the result set of
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Table 6 Correlation between the issues. Source: the authors

Question [Q1[Q2 [@3 [Q4 [05 [06 [07 |08 Q9 [Q10 [Q11 Q12 [Q13 [Q14 [Q15 |Q16 [Q17 [Q18 [Q19 [Q20 [Q21
Q1 1.00)

Q2 0.56] 1.00

Q3 0.17] 021] 1.0

Q4 041| 045] -0.15] 1.00

Qs 041| 055] -003] 030 1.00

Q6 053 0.64] -0.15] 0.66] 0.60[ 1.00

Q7 038] 035] -0.16] 036 0.62[ 0.56 1.00

Q8 036] 059] 003] 045] 029 0.39[ 0.22] 1.00

Q9 0.26] 051] 004] 030] 057[ 0.52[ 048] 0.05] 1.00

Q10 0.10] 023] -0.06] 036 o.11] 0.8 0.03] 039] 0.02] 1.00

Qi1 0.18] 0.19] -005| 049 0.36] 0.49] 036] 0.02] 057] 0.12] 1.00

Q12 045] 039] 004] 036 045 024 0.27] 065 0.07] 035] 030] 1.00

Q13 0.03] 026] 028] 049 021 0.22[ 0.22] 053] 026] 032] 040[ 0.57[ 1.00

Q14 033] 051] -0.13] 023 039 0.49] 0.35| 0.24] 046| -0.10] 0.25[ 0.21] 0.23] 1.00

Q15 0.28] 036] -0.16] 041 021] 0.33] 0.21] 031] 032] 018 039 0.23] 037 031] 1.00

Q16 0.13] 0.32] 045] 005| 0.12] 0.01] -0.28] 0.40] -0.04| -0.04] -0.10] 0.26] 0.45[ -0.02] 0.19] 1.00]

Q17 0.18] 0.12] 0.16] 0.19] -0.02[ 0.02] -0.20] 033] -0.18] 037] 0.09] 048] 0.58] 0.24] 0.11] 023] 1.00

Q18 o.1] 0.13] 000| 048] 034 0.27[ 044] 0.04] 027] 021] 0.76] 0.41] 0.39] 0.00] 044] 0.08] 003 1.00

Q19 032| 054] 023] 049 036 047 0.27] 029] 023] 039] 042 0.59] 0.36] 0.17] 0.18] 027] 032 0.60[ 1.00
Q20 0.07] 0.19] 009 0.19] 0.04] 0.13[ -0.27] 032 -0.08] 0.13] 0.07] 024 0.46] 0.26] 0.18] 038] 081] -0.03] 0.18] 1.00
Q21 <0.12] 0.13] 0.17] o.16] -0.16] -0.09] -0.24] 0.15] 0.11] 0.17] 0.14] 0.19] 057] 0.20[ 0.25] 0.38] 0.69] 0.15] 027] 077] 1.00

these interactions can result in the ease of learning to use the application (Q5—instru-
mental), which is positive when understanding the application is easy (Q7—informa-
tional) (p = 0.001), or that the clarity of information (Ql1—informational) makes the
experience of using the interface (Q18—instrumental) more enjoyable (p < 0.001), or
vice versa.

As for the ease of remembering how the application works (Q8—instrumental), effi-
ciency has a positive correlation in this regard when information is loaded quickly
(Q12—physical) (p = 0.001). Maybe fluidity in use decreases the user’s anxiety, which
may cause greater immersion in the user experience.

However, the perception of effectiveness (Q17—informational) has the highest level
of correlation with intention of use (Q20—informational) (»p < 0,001) and intention to
disseminate technology (Q21—informational) (p < 0.001). These numbers corroborate
the ideas that the perception of utility is more relevant than the usability characteristics
of the application.

To measure the reliability of the questionnaire, Cronbach’s alpha was applied to ob-
tain the internal consistency of the items. According to Pereira [55], this measurement
varies between 0 and 1, which means 1 is the highest level of item consistency. Malho-
tra [56] states that the minimum acceptable value is 0.6, whereas George and Mallery
[57] provide a scale of values where 0.9 is excellent, 0.8 is good, 0.7 is acceptable, and
0.6 is questionable.

To calculate Cronbach’s alpha, IBM SPSS Statistics was used. First, all the items in
the questionnaire were applied and the result was 0.866, which means a very good
consistency, as shown in Table 7.

Although the high level of reliability means that the entire questionnaire has a good
consistency, it is necessary to investigate the individual influence of the items in the
global context. Therefore, Table 8 shows the results if each item is removed.

Table 7 Reliability of items. Source: the authors

Cronbach’s alpha Cronbach’s alpha based on standardized items N of items
0.866 0.877 21
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Table 8 Item-total statistics. Source: the authors

Question Cronbach’s alpha if the item is deleted Question Cronbach’s alpha if the item is deleted

Q1 0.862 Q12 0.855
Q2 0.854 Q13 0.852
Q3 0.871 Q14 0.861
Q4 0.855 Q15 0.859
Q5 0.858 Q16 0.866
Q6 0.855 Q17 0.860
Q7 0.866 Q18 0.860
Q8 0.856 Q19 0.856
Q9 0.861 Q20 0.864
Q10 0.865 Q21 0.863
Q1 0.859

As can be seen in the previous table, even if an item is removed, the alpha value remains
above 0.8, which means that none of the questions is in disagreement with the question-
naire. In addition, the alpha value was applied to levels N2, N3, and N4 (Table 9). Level
N1 was not applied because it has only one question. As shown in Table 9, only the N3
level is close to the 0.8 score; N2 and N4 are close to the 0.6 score.

Given the low values obtained in each construct, it is valid to evaluate what could be
interfering with the results. Therefore, evaluating each construct individually allows
weakness points to be identified in the instrument so that, in future researches, the ne-
cessary corrections are applied before using the model. For more details on each issue
at their respective levels, the following tables show alpha values in case a question is
removed.

Looking at Table 10, Q14 is verified to have changed the score from 0.606 to 0.680,
which could cause a sligh improvement. Question 14 (“I was able to complete tasks
quickly using the app”) refers to the perception of efficiency by users, which is an im-
portant aspect to be investigated, especially in this specific study that refers to a safety
mobile application. As a suggestion for further research, this aspect can be analyzed by
taking specific tasks instead of the global perception.

Table 11 shows that the removal of Q3 could improve the score from 0.797 to 0.834.
This question refers to the perception of typing messages and inserting images. Similar
to N2, this question deals with an important aspect of using the application because
the elderly population can be a large group of users.

For N4, Table 12 shows an improvement in the alpha score from 0.653 to 0.731 when
Q7 is removed. In this case, Q7 refers to the user’s understanding of the application in the
first use. Looking for the definition of N3 (Access Ability—Instrumental) in Table 2, the

Table 9 Cronbach alpha in levels. Source: the authors

Level N2 N3 N4

Cronbach’s alpha 0.606 0.797 0.653
Average 4.386 4318 4.039
Variance 0.568 0.572 1.061

N of Items 4 9 7
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Table 10 Total-item statistics for N2. Source: the authors

Question Cronbach’s alpha if the item is deleted Question Cronbach’s alpha if the item is deleted
Q12 0455 Q14 0.680
Q13 0337 Q16 0.604

“Complexity” aspect of Rogers [25] could make more sense for this issue. Thus, the sug-
gestion for further research is to move Q7 from N4 to N3.

Note that in every construct, there is always a question that significantly interferes. In
order to achieve at least 0.7 reliability points, making the instrument viable for future
applications, improvements are necessary to obtain the desired reliability before apply-
ing the instrument.

Final considerations

This research aimed to evaluate the influence of social dimensions on the process of ac-
ceptance and access to technology through a usability study for collaborative security
applications. To this end, the main usability fundamentals were raised, as well as vari-
ous study models on technological acceptance and access to technology. The main ap-
plications developed to promote collaborative security were raised, as well as usability
studies focused on this category of applications. The compilation of all this information
resulted in a questionnaire covering the most reputable usability constructs, adapted
for evaluating a smartphone application and grouped in the order corresponding to the
levels of access and adherence to technology.

The analytical restructuring of usability allowed identifying components pertaining to
the nature of social structure and acceptance, user profiles, and Life360 level of suitabil-
ity for participants. The importance of this rereading is the possibility of perceiving the
distance between the conception of technology and the different social realities existing
in a region. Thus, when the usability assessment is performed at four levels of access,
there is a bottleneck of participants who are likely to use and spread Life360 as levels
rise.

At the first level focusing on “Motivational Access,” “Social Acceptance,” “Reliability,”
and “Observability,” aspects of the social structure that lead people to experience a new
technology have been observed. In this context, the attitudes of the candidates regard-
ing the research were considered, and several did not agree to participate given the na-
ture of the information involved. Typically, academic papers perform their analyses
based on the respondents to their questionnaires or participants in their experiments.
However, when it comes to accepting an innovation, one must be aware of the subject-
ive aspects of non-respondents, i.e., what reasons influenced these individuals’ refusal

Table 11 Total-item statistics for N3. Source: the authors

Question Cronbach’s alpha if the item is deleted Question Cronbach’s alpha if the item is deleted

Q1 0.777 Q6 0.741
Q2 0.737 Q8 0.788
Q3 0.834 Q9 0.775
Q4 0.764 Q18 0.799

Q5 0.757
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Table 12 Total-item statistics for N4. Source: the authors

Question Cronbach’s alpha if the item is deleted Question Cronbach’s alpha if the item is deleted

Q7 0.731 Q17 0.537
Q10 0.641 Q20 0.560
Q1 0.631 Q21 0.547
Q15 0617

to participate. Thus, the role of trust in the adoption process was evidenced, as well as
the influence of culture on the perception of reliability.

Another interesting feature to note is that Life360 is little known by the participants,
which makes the aspect of observability poor, since there is no presence of influencers
acting on the subjective norm. Therefore, this set of factors may explain the low num-
ber of volunteers supporting the research. Moreover, collaborative applications have
their own characteristics, since by the theory of diffusion, it is not enough for the initial
innovators to be perceived, but that this group is formed by members of the same
medium, with sufficient engagement for the effects of innovation to be perceived by
other social groups. The lack of influencers slows down the spread of collaborative ap-
plications, which demands greater insistence and punctual work. Influencers should
positively affect members of their community and other groups with similar goals.

Regarding the questionnaire, it was considered a question that evaluates the appreci-
ation of the application by users and it was found that the majority of females present
more favorable answers than men. This behavior may not be coincidental, assuming
Life360 is designed for mothers to keep track of their children’s movement. This as-
sumption indicates a good agreement of the system design with social reality, at least in
this respect.

The attitudes of the research candidates who stated that they did not have the neces-
sary resources to participate in the study were considered. This observation reveals that
despite technological ubiquity, material access is still an important barrier against the
adoption process, and clarifies the misperception or common sense that the entire
population currently has a smartphone and access to the Internet.

The findings from this research lead us to believe that, although the initial factors of
access have a positive evaluation, the social aspects are essential determinants for the
intention of use to be positive, corroborating the theories presented. Additionally, the
contribution of the proposed multitheoretical analytical model is evident, since it allows
understanding influence factors on usability that would hardly be perceived through an
analysis focused solely on usability. Although some models try to understand the psy-
chological profile of users, their approach is limited to pointing out which features of
the system are more or less desirable. In addition, the informational level has a great in-
fluence on the perceptions of use, either by the demographic characteristics of the par-
ticipants or the features of the application. In turn, the set of influences at the
informational level is decisive for forming the user’s attitude, whether positive or
negative.

Finally, it is understood that the limitations of this work are due to the sample size,
given the need for a high level of trust between the participants and the researchers. In
future works, there is the possibility to apply this approach to more densely populated
regions and with different social realities from the municipality studied, so that it is
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feasible to perform statistical analyses on the results. Although the questionnaire con-
sists of well-known constructs in the academic literature on usability, it is necessary to
statistically reassess the validity of the analysis model used based on convergent theor-
ies. In addition, the social context is very complex and includes a large number of fac-
tors that can be considered key elements to influence the behavior of users related to
the application. New questions related to other aspects could be included in the ques-
tionnaire, such as the physical environment in which the participants live, considering
public lighting and sanitation, subjective perception of safety, or even the distance be-
tween work and home [58]. Moreover, social-political differences are also points that
should be considered, for example, the criminality level of the studied region. In this
case, the city where the study was conducted has a low level of criminality. It would
thus be interesting to apply this research to different regions of Brazil to involve safety
and cultural aspects. These new levels of complexity could enrich the analysis of the
perception of users of the application.
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