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—— Abstract

Contexts of use are a central concept of research and development in human-computer interaction

(HCI). Their in-depth understanding is a key for usable and acceptable computer-aided solutions
and a particular challenge in connection with space exploration. It is necessary to examine which of
the established approaches can be implemented here and where methodological adjustments are
necessary. This article provides a systematic consideration of three perspectives to understand space
contexts of use: theory and literature, imparted experiential knowledge, and personal experience.
Potentials and risks are evaluated. The findings of HCI research in safety-critical contexts and under
COVID-19 conditions that can be transferred to space HCI are taken up.
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1 Introduction

The concept of contexts of use in the sense of “combinations] of users, goals and tasks,
resources, and [technical, physical, social, cultural and organizational] environment” [13] is
central to research and development in the field of human computer interaction (HCI). Their
in-depth understanding is the key to developing usable solutions and enabling positive user
experiences. Their lack of understanding is one of the main reasons for usage and acceptance
problems.

With regard to space exploration and missions, several challenges have to be mastered in
order to gain a sufficient context of use understanding:

Access to certain technical and physical environments is limited (e.g., control rooms) or

hardly possible at all (e.g., space shuttles, space stations, other planets).

The number of potential users and suitable experts is comparatively low compared to

other contexts of use. Due to their demanding professional activities, they cannot easily

be recruited to participate in human-centered design processes.

Cultural and organizational environments are complex and are characterized by a large

number of regulatory rules that require a great deal of familiarization for people from

outside.
In addition, certain usage situations and user requirements are difficult to analyze in advance,
despite all the planning and preparation, especially in borderline areas of personal experience
(e.g. long-term isolation [26]).

However, in order to do justice to the “exciting opportunity for researchers in HCI to
contribute to the great endeavor of space exploration” [27], understanding the respective
usage contexts is one, if not the first step. In the following, related work is discussed before
3 possible perspectives on the context of use are presented. We end with the conclusion that
“fly me to the Moon or Mars” should become a reality for HCI researchers, provided that
space exploration no longer remains an experience for a very small number of people.
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Figure 1 Different Approaches to Space Contexts of Use Understanding.

2 Background and Related Work

Previous research has already addressed questions whether earth-based interaction design
frameworks are applicable to extraterrestrial environments [31] or how to bridge the gap
between participatory design and space engineering [23]. One of the findings is: “The
very notion of context of use [...] may need revisiting for new relevant dimensions in the
interplanetary perspective.” While they discuss human-centered and participatory design
frameworks as well as suitable evaluation environments (e.g. size, lighting conditions, gravity),
specific recommendations for space-related context of use analysis have been given occasionally
(e.g., [5]).

Extending the consideration, specific challenges of studying “extreme environments” [22] as
well as context of use characteristics [1] in general have already been highlighted. For example,
special requirements were identified to define the contexts of use of mobile devices [17].
However, the transferability of these findings and recommendations to HCI in space has not
been discussed sufficiently.

3  Three Perspectives on Space Contexts of Use

In the following, the three basic approaches to understanding usage contexts shown in
Figure 1 are considered in connection with space missions and space exploration. They are
not specific to space HCI, but are rather evident in a large number of (security-relevant) HCI
research projects [21]. The respective characteristics and procedures in different domains are
therefore more important.

These approaches reflect Herczeg’s structure for evaluation approaches of interactive
systems (theory-based, task-based, user-based evaluation) [10]. Since, in the sense of an
iterative human-centered development approach [14], the evaluation of a previous stage of
development can also motivate an extended /new analysis of a context of use, among other
things, this analysis-evaluation-connection does not seem coincidental.
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3.1 Literature and Theory

Apart from proceedings of space- and HCI-specific workshops and conferences [27, 28], space
agencies (ESA', NASA?) and other expert societies (e.g., German Society for Aeronautics and
Astronautics®) provide HCI researchers with access to various technical reports, standards
and playbook considerations. This rich body of knowledge allows for a deep exploration of
key terms and concepts that HCI researchers need to understand.

However, challenges are to find the needle in the haystack and to ensure a proper
understanding of the content provided. In principle, both challenges also occur in other
safety-critical contexts, but the necessary complexity of technical solutions for space operations
and the diverse areas of standardization, see [18] on the topic of sustainability in space
operations alone, are then even more special. In order to understand space research, it may
also be necessary to have sufficient knowledge of domains with which HCI experts may have
had little experience in their training (astrophysics, aerospace engineering).

3.2 Imparted Experiential Knowledge

Numerous studies involving former and prospective astronauts [6], their families [15], control
room staff [2], and other experts [19] show that it is possible to draw on experiential knowledge
in the space domain.

As in other safety-critical and expert-driven working domains, access and availability
to these special and numerically rather small target groups are critical. Qualitative and
often temporally synchronous approaches (interviews, field studies) should be combined with
quantitative and temporally asynchronous measures (e.g., questionnaires) which allow for
certain response periods and respond rates [9]. In addition, consideration should be given to
whether corresponding feedback and work results should be made available in the sense of
open educational (research) resources in order to avoid multiple surveys of the same issues.

In connection with the previous statements, the level of familiarization with the specific
space-related context of use must, of course, be taken into account in order to gather relevant
findings and not waste the experts’ limited resources unnecessarily.

3.3 Personal Experience

Personal experience can first of all be divided into two types:
direct (and also physical) involvement in the context of use, be it in control rooms,
simulators, or as a crew member;
indirect participatory observation, e.g. in the form of video transmissions from spaceships
or space stations.
Visiting space control centers and simulators is already possible today, with the appropriate
amount of preparation [2]. However, the number of advanced simulators is limited and
involves corresponding travel and organization costs. Especially in early project stages
and for low-fidelity prototyping approaches, decentralized and flexible solutions would be
desirable. Promising mixed reality approaches should be pursued, e.g. with respect to
gravity alterations on users [24] and environments [32]. Virtual reality has been considered
to investigate the “effect of communication delay across interplanetary distances” [30] and

! https://www.esa.int/About_Us/Business_with_ESA/Space_Related_Standards2

2 https://ntrs.nasa.gov/
3 https://www.dglr.de/informieren/publikationen/
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for space operations training [25]. Insights that can be expected from such approaches can
certainly also make it easier to understand the respective contexts of use. Finally, space
missions with participation of HCI researchers are still a topic that can be developed further.
In order to avoid following an all-or-nothing approach, the role of usability engineering and
user experience design approaches in space engineering should initially be examined in terms
of maturity models like described by [4]. This could be followed by a gradual increase in
importance in terms of decision-making powers, resources and culture.

Indirect observations are first of all a question of technical feasibility (bandwidth and
latencies). In addition, appropriate equipment for users, e.g. with camera systems and sensor
technology, as well as the physical environment (rooms, sections) is only ever conceivable
with special consideration of safety and security requirements. Either existing infrastructure
can be used or the potential dangers in terms of operating errors or security gaps must be
carefully examined. Off-the-shelf hardware, as is often used in HCI studies, is generally not
certified accordingly and is also integrated into infrastructures (communities, cloud systems)
that hardly meet the specific requirements of space operations.

If the points mentioned above have been addressed, the question of the methodological
approach arises. Many HCI analysis methods are based on the presence or even participation
in the working environment (e.g., contextual inquiry [11], ethnography [16], field study [29]).
Nevertheless, approaches have already been developed and tested that do not require direct
presence or are related to the understanding of singular events in safety-critical environments
that cannot be planned in advance. Remote contextual inquiry [8] or critical decision method
(CDM) [20] are named here as examples. The former could take up the technical possibilities
already available today for transmitting audio and video signals as well as sensor values over
long distances and could therefore be carried out virtually live or with the help of a prepared
script. With its retrospective approach, the latter can also be used after astronauts have
returned from space missions, for example.

In connection with HCI research on distance, COVID-19 pandemic had (out of necessity)
a huge impact with respect to participants, tools and study design [7, 3]. While face-to-
face-experiments were prepared more carefully (e.g. social distancing, disinfection, checking
body temperature), other approaches (remote, online, blended) were refined. Self-tracking
and autoethnography [12] are just two methodological approaches that could also work well
in space contexts. The experience gained and methodological adaptations that became
necessary during and in the follow-up of this years can certainly be helpful to drive future
HCI research in even more remote settings.

4 Conclusion

Understanding contexts of use, or even better, experiencing them first-hand, is not only an
organizational and resource-intensive challenge in connection with space exploration. Both
in safety-critical contexts and under specific framework conditions, e.g. during a pandemic,
analysis approaches from general HCI research might fall short. This forces and enables us
to think outside the box. Well-known approaches like remote contextual inquiry or critical
decision method show that these challenges are not completely unique for space HCI. However,
the special characteristics of the various space-related contexts of use (technical limitations,
gravitational changes, long-term isolation) also require new methodological approaches in
HCI research, possibly even a new understanding of the idea of context of use. Furthermore,
a more specific approach to human-centered design in and for space in general is probably
needed.
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The previously discussed diversity of perspectives and methods should help to better

understand even the most inaccessible contexts of use. However, the more space exploration
becomes a “mass business”, the greater the desire and demand from an HCI perspective: Fly
me to the Moon or Mars. Beforehand, however, and in the sense of a research agenda guided

by intermediate steps, it should be investigated how usability engineering and user experience

design can achieve an increased level of maturity in connection with space operations in

terms of degree and timing of involvement, resources, leadership and organizational culture.
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