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Abstract. The objective of this article was to establish the first contextual approaches for the
development of a framework focused on the design of automotive infotainment systems. Therefore, a
method was developed to identify a group of characteristics of the infotainment system interfaces that
ensure a good user experience by the user, according to previous studies. Besides, the establishment of
usability is proposed as a basis for the development of the tool.
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Resumen. El objetivo de este articulo fue establecer las primeras aproximaciones contextuales para el
desarrollo de un framework enfocado en el disefio de sistemas Infotainment automotrices. Por lo cual,
se desarroll6 un método para la identificacion de un grupo de caracteristicas de las interfaces de sistemas
Infotainment que aseguren una buena experiencia de uso por parte del usuario, de acuerdo con estudios
previos. Ademas, se plantea la usabilidad como base para el desarrollo de la herramienta.
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1 Introduction

In general, a Framework is described as support structure in which a project can be organized and
developed, composed of customizable and interchangeable components for development (Saavedra, 2009).
In Software Engineering, a Framework is described as a generic structure that can be extended to create a
more specific subsystem or application (Sommerville, 2005). It is also described as a skeleton with a
collection of connection points that allow it to adapt to a specific problem (Pressman, 2006). In the context
of Human-Computer Interaction, the Framework is defined as sets of tools that do not pretend to be a strict
order in the invention and the interaction design process (Verplank, 2009). For this study, a Framework is
defined as a conceptual structure that can serve as a basis for the design of interfaces in the automotive
context.

Some of the advantages of using Frameworks are: First, the methodological rigor that guides the project
development process. Second, by providing a foundation to guide the work process, they speed up
development time. Third, they ensure transparency so that future work teams understand, evaluate and/or
imitate the processes carried out with the Framework (Fach, 2001). The use of Frameworks also has some
disadvantages, among which are mainly: Learning time. The time advantage gained by avoiding starting a
project from scratch can be lost in learning to use the Framework. If not to be used for other projects. There
is a high dependence on the results obtained concerning the Framework. Therefore, before starting to use
the tool, the work teams must ensure that it is adequate for the results they want to obtain. Furthermore,
each Framework is different, so it is not easy to switch between different Framework options (Wang et al.,
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2018). Once the advantages and disadvantages have been defined, it is possible to establish that the use of
Frameworks under the appropriate premises will greatly improve work teams' productivity.

Infotainment or infotainment systems are a collection of hardware and software elements installed in a
vehicle that provides digital information systems and entertainment functionalities (Jorgensen, 2019). The
most common applications include navigation, communication and connectivity, remote services, and
telematics services.

The integration of these systems is becoming more common in automobiles. In principle, it is intended
to provide satisfaction and comfort for both the driver and passengers. However, some reports show that
greater efforts are still necessary to achieve this task. For example, in a study carried out on 60,000 vehicles,
it was reported that only 56% of the owners are very satisfied with the Infotainment systems included in
their vehicles, showing a large satisfaction gap between the model with the best satisfaction ratio (86 %)
and the model with the worst ratio (46%) (Consumer Reports, 2019). In addition, comparative studies have
also been carried out between the Infotainment proposals of third parties and the developments of the
automotive manufacturers themselves, reaching the conclusion that in terms of satisfaction, the latter are
surpassed by Android Auto and CarPlay (Strayer et al., 2019). In addition to the above, there is evidence
of the need for tools or alternatives that help work teams during the interface design process in the
automotive context (Naujoks et al., 2019; Strayer et al., 2019; Varala & Yammiyavar, 2018; Young et al.,
2017).

The efforts to provide the design of automotive interfaces with specialized tools in the evaluation of
various aspects are noteworthy about this need. For example, to evaluate safety and simplicity during the
use of interfaces based on dialogues, Politis et al. (2018) interviewed a group of participants through
questionnaires to obtain feedback on the use of Infotainment systems. To carry out the experiment,
guidelines had to be developed, from which the prototypes were formed with those that the test subjects
interacted with.

Similarly, another study related to the subject focused on comparing interfaces to determine which one
is preferred by the user. During the experiment, 16 people participated who interacted with a simulator that
allowed them to use a virtual car. The work team mentions the feasibility of developing design guidelines
with the data collected (Walch et al., 2018). Likewise, it is important to mention the study developed to
evaluate the vehicles' interiors' interfaces on the theoretical concept of complexity. The document indicates
that to develop the experiment, it was necessary to carry out specialized guidelines to evaluate the object
of the study (Lee & Ji, 2019).

Previously, other reviews include the study of the desirable characteristics in an interface to guarantee a
good user experience (Albers et al., 2020; Suh & Ferris, 2019; Wang et al., 2010); however, they are carried
out with emphasis on certain sections, such as size, distribution, or quantity of elements.

Derived from the above, it is possible to establish that there are currently tools and studies focused on
evaluating user satisfaction during interaction with the interfaces of automotive Infotainment systems.
However, the proposals aimed at developing specialized Frameworks in Automotive infotainment systems'
design compared to other design alternatives are less frequent than other alternatives.

Therefore, to contribute to the repertoire of alternatives for designing interfaces, it is intended to
contribute to the knowledge base and develop a Framework. As a first approach to this task, it was
established to determine which characteristics users consider an interface should have to ensure a pleasant
user experience during their interaction with it. Therefore, it was inferred convenient to carry out a study
of the literature related to the analysis of user experience in automotive interfaces.

2 Method for determining desirable characteristics of Infotainment interfaces

During the literature review, it was established that there is a great diversity of concepts that collaborate
with the user satisfaction experience while using Infotainment systems. However, it was observed that
concepts such as intuitiveness, adaptability, and security, are common in various investigations. Thus, it
was decided to establish the frequency in which said terms are mentioned as an indicator of their importance
and impact on the user experience.

We opted to use the content analysis method to isolate characteristics mentioned in different studies and
form a group or set of characteristics that would later be enriched by another group of characteristics
suggested by the team.
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According to Berelson (1952), content analysis is a research technique that aims to be objective,
systematic, and quantitative in studying the manifest content of the communication. Bardin (1996), for his
part, describes him as a set of methodological instruments, applied to what he calls extremely diversified
discourses.

This technique is recommended by Hernandez Sampieri et al. (2004) to study any type of communication
objectively and systematically, and which consists of quantifying the messages or content in categories and
subcategories and subjecting them to statistical analysis. Among its uses are: evaluating the degree of
loading of some type of content from one or more television programs; study the appeals and characteristics
of advertising campaigns in the mass media (radio, television, newspapers and magazines); compare
propaganda strategies of political parties on the internet; know ideological discrepancies between various
newspapers when dealing with a topic; determine the evolution of a certain class of patients who attend
psychotherapy by analyzing their written and verbal expressions; collate vocabulary learned by children
who are more exposed to computer use compared to children who use it less; know and contrast the position
of various Latin American presidents regarding the problem of unemployment; compare styles of writers
who are identified as part of the same literary trend; and/or analyze the quality and depth of the information
present on the internet about a virus.

The reliability of this method is demonstrated by having been previously used in the research published
by Guillaume & Bath (2008), who studied the coverage and treatment given in the British press to
information on vaccines for measles, mumps, and rubella over two months. Likewise, Hall & Wright (2006)
applied content analysis to examine judicial opinions. Even Christie & Fleischer (2010) used this method
to determine the designs and methods most used in evaluation studies published in scientific journals.

The purpose or objective must be clearly established; that is, what the analyst wants to know. Content
analysis is carried out using coding, the process by which the relevant characteristics of a message's content
are transformed into units that allow its precise description and analysis (Krippendorf, 1997).

To obtain the data from the analyzed studies, it was decided to define as the base of analysis a unit of
grammatical basis, specifically the analysis of sentences and paragraphs. Consequently, the unit of analysis
was a group of words mentioned or inferred from describing concepts deemed desirable by interface users,
in general, those that referred to user satisfaction or experience in the context of automotive interfaces. The
objective sections of the analysis mainly comprise:

1. Results.
2. Discussions and/or comments by the authors.
3. Conclusions.

Once the data extraction process was carried out, they were organized into tables to subsequently start
an inference and comparison process in order to observe repeatability patterns of the words, see
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Diagram of the method for determining desirable characteristics of Infotainment interfaces
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3 Results

First, to carry out the content analysis, the objective was to locate user satisfaction or experience in the
context of automotive interfaces. Subsequently, it was defined that the units would be composed of words
that define the concepts that are concluded to be desirable by the users of the interfaces. In Table 1, they
would include words such as Intuitive, Legible, Clear, Adjustable, Safe.

The search was carried out based on the aforementioned. A list of words was extracted from each
publication analyzed. All the listings were ordered in a table for more orderly control of the information.

Once this table was obtained, patterns of the frequency of appearance of certain words could be observed.
It is possible to observe that the "intuitive" characteristic that is underlined in Table | is repeated in three
of the five studies in the example. However, other features such as "non-invasive" only appear once.

Table 1. Basic/essential characteristics of the interfaces according to various studies

Blankenbach. Strayer et al. arala & o .
( 2019 / ( 2);]19 / Yam(n‘:i avar, 2018 (Politis et al., 2018) (Lee & Ji, 2019)

Non-invasive Intuitive Intuitive Intuitive
Readable Clear/simple Clear/simple Clear/simple
Adjustable/ Adjustable/ Adjustable/
adaptable adaptable adaptable Safe Structured
Facilitator/ Facilitator/ .

) . Consistent
proactive proactive

Based on the data analysis, it was decided to order the characteristics into three groups (see Figure 2).
The first two groups focused on the frequency of appearance and a third group that includes characteristics
suggested by the work group.

High frequency of appearance characteristics. This group includes the characteristics that are frequently
named in different investigations. There may be a relationship between this frequency of appearance and
its importance for the user.

Low frequency of appearance characteristics. This group includes the characteristics that are unique to
each study. These characteristics cannot be ruled out because the main objective of each investigation
consulted is common. Its low rate of appearance may be related to less importance for the user. In the
context of the Framework, these characteristics' priority will be low compared to that of the high frequency
group.

Suggested features. They are characteristics inferred and/or proposed by the working group, based on
the experience or results of other research related to interfaces, but not belonging to the automotive field.
However, by belonging to the interface area, it is possible that they can contribute robustness to be taken
into account in the context of the Framework. It is worth mentioning that it is possible that they were
mentioned in automotive research that was not taken into account for the analysis base.

Non-invasive
Readable
Structured
Consistent

Intutitive
Clear/simple
Adjustable/

adaptable

Safe
Facilitator
/proactive

Responsive

Structured
Flexible

Figure 2. Representation of the enriched set made up of the group of specific, common and inferred characteristics.
Method for determining desirable characteristics of Infotainment interfaces

As a result of the previous analysis, an enriched set conformed by the characteristics or needs that an
interface should possess was obtained based on the data extracted from previously validated scientific
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investigations. It should be clarified that the set of features in Figure 2 can be further enriched by including
a greater number of documents.

Based on a set of characteristics obtained through the previous methodology, strategies can be
considered, and the best tools can be determined to ensure compliance with the complete list. The
compilation of the final product complemented with optimal and specialized methodologies, concepts, and
strategies for the context of automotive interfaces, guides development workgroups, and focuses on the
resulting projects meeting high end-user satisfaction rates.

Since the objectives to be met have already been defined, and the Framework has been established as a
tool to achieve this task, it is worth reflecting on which basis could adequately complement this tool. It is
proposed to establish usability as a basis because, according to the Nielsen definition, it is responsible for
ensuring that projects are clear, easy to use, intuitive, readable, reliable, and structured (Nielsen, 1994).
This definition shares more than one characteristic with the group obtained during the analysis presented
in this document and enriches the Framework by providing, for example, the aspect of reliability that had
not been included in the analysis results. In addition to usability, it is possible to implement user-focused
design philosophies, which allow us to know and understand their needs, limitations, behavior, and
characteristics.

4 Conclusions

Based on an initial review of available works of alternatives for the design of automotive interfaces, it was
established that Frameworks proposals in this context are found infrequently compared to other alternatives.
Also, it has been verified that, under the appropriate premises, these tools greatly improve the productivity
of work teams. Carrying out the determination of a group of characteristics identified above (see Figure 2)
was necessary to establish a first contextual approach to developing the mentioned tool. For this reason, a
method was developed to facilitate the identification of characteristics based on previous studies carried
out in the context of automotive infotainment systems. The final result establishes a starting point for the
development of further research on the point discussed and presents the guidelines to determine that it is
relevant to carry out a new literature review, but systematically, in order to broaden the relevance, and
provide a methodology that supports the results obtained so far.
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