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ABSTRACT

The combined use of devices has become commonplace with the popularization of
desktops, notebooks, tablets, smartphones and wearables. Despite this, cross-device
use cases are rarely supported by software and users often need to act as a bridge to
connect devices. Considering this context, the present paper aims to identify the
specific aspects that need to be part of analysis and decision making in cross-device
projects in order to guarantee their ergonomics and the quality of user experience.
For this purpose, a systematic literature review was carried out. As a result, a
descriptive model of the cross-device design process was synthesized. This model
is based on activity analysis and presents the main aspects involved in the

qualityassessment of the system.
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1. INTRODUCTION

The number of computing devices that people use is growing. In addition to
traditional desktops, other devices such as laptops, tablets, smartphones, and

wearables are now part of people's daily lives, bringing new possibilities for



applications. One of these possibilities is cross-device interaction (SKOV et al.,
2015), in which the completion of an activity is supported by the combined use of

multiple devices.

This combined use can occur in two types of arrangements: sequential or
parallel (JOKELA; OJALA; OLSSON, 2015). In the sequential case, the user
switches devices during the task. For example, they may start writing a document on
a tablet and finish it on a laptop. In the parallel case, the user simultaneously
performs different aspects of a task on at least two devices. For instance, a

smartphone can serve as a control for a presentation displayed on a desktop.

According to Zagermann et al. (2017), this new scenario expands the scope
of Human-Computer Interaction (HCI), which no longer only addresses the isolated
use of devices but also deals with the use of device ecologies. However, as
highlighted by Dong et al. (2016), cross-device use cases are rarely supported by
application software, and users commonly need to act as a bridge to connect devices.
Thus, users often bear the burden of transferring data between devices or repeating
actions on one device that were already performed on another. As a consequence,
the physical and cognitive load increases, as well as the difficulty of performing

even relatively simple tasks.

This scenario, characterized by the contrast between the availability of
technical resources for building cross-device systems and the scarcity of high-
quality experiences, implies, according to Dong et al. (2016), the existence of design

challenges that have not yet been fully understood.

2. OBJECTIVE
This article aims to identify the main specificities that need to be part of the
analysis and decision-making process during the cross-device project, in order to

promote its ergonomics and the quality of the user experience.

3. METHODOLOGY
The adopted procedure was a systematic literature review. For this, the

methodology proposed by Kitchenham and Charters (2007) was followed, which
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suggests five steps: (a) definition of the research question; (b) definition of the
search strategy; (c) search; (d) selection of primary results; (e) data extraction. The
defined research question was: 'What aspects need to be addressed in cross-device

design to ensure ergonomics and the quality of the user experience?'

As a search strategy, the following keywords were selected: (“usability” or
"user experience” or "ergonomics" or "human factors”) AND (*cross-device" or
"multi-device™ or "cross-platform” or "multi-platform™ or "multiple user interfaces"
or "distributed user interfaces™). In addition to the keywords present in the research
question, terms used as synonyms or found to be relevant in search string testing

were added.

The search was conducted in the SCOPUS, ACM Digital Library, and Web
of Science databases. The research included articles from journals and conferences,
as well as book chapters. The decision was made not to limit the publication period.
In the selection of primary results, studies were included that:

I1: Address design issues that influence ergonomics, usability, and/or user
experience;

Studies were excluded if:

E1: Keywords were only briefly mentioned,;

E2: There is a focus only on technical issues for cross-device development.

Table 1 provides a quantitative overview of the review. These data show a

significant number of articles being discarded. The reason for this is the prevalence

of studies focused on technical development issues.

Table 1. Quantitative overview of the systematic review.

Data Base Results Not Duplicates Select
SCOPUS 378 374 31
ACM Digital 63 28 3
Web of Science 91 60 2

Total 532 462 36

99



4. RESULTS
As a result of the analysis of the selected articles, the main specificities
mentioned for the cross-device design process were identified. These items were

synthesized to generate the proposed design model in this section of the article.

As a starting point for the model, it was identified that an essential aspect to
be addressed in cross-device design is heterogeneity (SEGERSTAHL, 2008).
Devices vary in terms of storage capacity, resources, modalities for data input and
output (e.g., visual, auditory, haptic, etc.), interaction styles, and procedures
(DENIS; KARSENTY, 2003). As a consequence, interfaces need to be different to
accommodate the variation in characteristics among devices such as desktops,
tablets, and smartphones. Thus, there is a need for an integrative vision to govern the
design. According to Oliveira and Rocha (2007), in the absence of a systemic
conceptualization, interfaces developed for one device often break the conceptual
model created for another. As a result, the system becomes inconsistent, and
elements of the user's cognitive process, such as memory, learning, and reasoning,

are disregarded.

As a path to a unified system conception, the use of model-based design
processes was identified in several of the selected articles in the review. The purpose
of this approach, according to Paterno (2005), is to identify high-level models that
allow specifying and analyzing systems at a conceptual level, rather than
immediately dealing with interaction and implementation aspects, which may vary
across devices. Since a systemic view is an essential feature of ergonomics
(WILSON, 2014), we chose to adopt this approach. The proposed design structure
consists of three stages: (a) data gathering; (b) system specification; (c) quality

evaluation. These stages are shown in Figure 1 and detailed below.

Figure 1 - Cross-device design process.
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The data gathering stage serves as the basis for model development. In this
context, an approach based on activity analysis is suggested. According to
Segerstahl (2008), information technology, including multiple devices, should be
used if, and only if, the functions provided are suitable for users' activities. It is
essential to precisely identify the activity to be supported by the system to be
designed, including its decomposition into a set of goal-directed actions formalized
as tasks. This aligns with Work Ergonomic Analysis (DARCES; FALZON;
MUNDUTEGUY, 2007), which also adopts the concept of activity as the unit of

analysis.

Segerstahl and Oinas-Kukkonen (2007) state that the identification of
activity can occur in various social, physical, and chronological contexts. These
contexts are connected with technology and allow establishing the distribution of
devices concerning the activity. Thus, an essential aspect of cross-device design is
understanding the relationship between users, tasks, environments, and devices.
Adopting an integrative view ensures that, despite the multiplicity of devices, tasks,
and environments, the system is perceived by users as a single interface designed to

support a specific activity.
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Regarding the system specification stage in the cross-device case, modeling
the solution at different levels of abstraction is suggested. The first level, designated
by Seffah et al. (2004) as a general task model for software support, involves the
classification, prioritization, and temporal relationship between tasks to be supported
by the system, establishing an abstract operational structure. Meixner et al. (2011)
highlight that the necessary information to perform each task is also defined at this

stage.

The second level of abstraction corresponds to cross-device design itself and
includes the distribution of tasks among devices (SEFFAH; FORBRIG;
JAVAHERY, 2004). At this level, according to Celentando and Dubois (2017), two
layers of the interactive process must be considered. The first, called interaction in
the small (ItS), addresses the design of interaction with each device, defining
sequences of operations that the user performs on each of them in a short,
uninterrupted timeframe to achieve a specific goal. The second layer, called
interaction in the large (ItL), includes the design of a more global view that
establishes relationships between tasks and devices. In this layer, more complex task
sequences involving different devices and perhaps different contexts are designed.
The term "trajectory” is used to describe this sequence. Similarly, Majrashi et al.
(2016) refer to horizontal tasks as those involving more than one device and

containing subtasks distributed among them.

In this horizontal design process, it is essential to plan how the system will
support joint use. According to Tungare and Pérez-Quinones (2009), the lack of
support leads to a decrease in user experience quality due to mental demand,
workload, and consequent frustration. In extreme cases, a task disconnection may
occur, described by Pyla et al. (2009) as a temporal rupture due to the user's need to
perform actions external to the focused task to enable the use of multiple devices.

Thus, defining the relationship between devices for task execution is essential.

The third level of abstraction involves the design of interfaces for each
device. In this part of the process, the execution of tasks assigned to a device must
be adapted to its characteristics. For example, to respond to a WhatsApp message on

the Apple Watch, which does not have a keyboard, interfaces are offered that allow
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the use of predefined responses, sending an audio message, or using the dictation
feature. According to Paterno and Santoro (2012), interfaces can vary in four
aspects: presentation, components, content, and navigation. When variation occurs
in terms of presentation, there are more superficial adjustments, involving resizing
and repositioning interface elements. Component variations occur to accommodate
differences between operating system standards (e.g., iOS and Android) or their
interactive modalities (e.g., use of gestures, mouse, or voice commands). Content
adaptations express the need to remove, add, or modify information and/or parts of
the task to ensure usability according to the device's resources. Finally, navigation
variations organize access to interfaces according to the characteristics of each

device.

In the quality evaluation stage, the scope of analysis expands to involve
vertical usability, horizontal usability, and user experience. Vertical usability
(SEFFAH; FORBRIG; JAVAHERY, 2004) refers to traditional usability
requirements specific to each device. At this level, it is important to evaluate the
quality of task adaptation to the device. Horizontal usability (SEFFAH; FORBRIG;
JAVAHERY, 2004) is focused on promoting easy transitions between devices.
According to Majrashi et al. (2018), the two main aspects to be verified in the
transition are consistency and fluency. Consistency promotes continuity of
knowledge (DENIS; KARSENTY, 2003) and aims to facilitate the recovery, reuse,
and adaptation of knowledge built by the user from interaction with one or more
devices. According to Zeng et al. (2014), the consistent use of components serves as
a reference to facilitate the extraction of the essence of the application. Fluency is
linked to task continuity (DENIS; KARSENTY, 2003) and is based on resources for
sharing between devices the memory of the user's last operations, ensuring
synchronization. Thus, the system removes from the user the cognitive effort to
recover data status and activity context. Additionally, another factor that affects
horizontal usability is the spatial distribution of devices, which can generate

physical interactive problems (ZAGERMANN et al., 2017).

Finally, user experience is considered a broader quality aspect. As

highlighted by Shin (2016), the main goal in a cross-device system is to ensure
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responsiveness to the user, not the devices. This means that promoting a good
experience does not only consist of allowing tasks to be performed on multiple
devices. The result of this process has to be meaningful for the user and linked to
meeting the needs that motivate the activity (HASSENZAHL et al., 2013). Thus, it
encompasses the adaptation of the system to users' needs, considering their

capabilities, abilities, and limitations, as well as the environment and devices.

5. CONCLUSION

This work presented a model that describes a process for cross-device design
based on activity analysis and modeling. As a contribution, the identification of the
main specificities that need to be part of the analysis and decision-making process in
different stages of cross-device design was emphasized to ensure its ergonomics and
the quality of the user experience. Thus, it offers an integrative approach to activity
and its distribution across devices, aligning with the systemic view of ergonomics.
As highlighted by Wilson (2014), the analysis of complex systems can benefit from
representations that show where and how the boundaries of a certain type of system
operate, providing context for ergonomic assessments and proposals for
improvements in instances of that category of problem. Specifically regarding
quality evaluation, the work contributes with a three-level analysis approach:
vertical usability, horizontal usability, and user experience. Finally, for future work,
it is suggested to delve into the description of task modeling and cross-device
modeling.
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