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ABSTRACT
Time perception is an integral aspect of human experience and has
numerous implications for the communication between humans
and computers. When interacting with computers, user experience
is often compromised by non-optimal latency and temporal mis-
perception. In this workshop, we gather scientists from diverse
research fields (including Human-Computer Interaction, Psychol-
ogy, Computer Sciences, and Design) to discuss the possibilities of
altering the temporal experience of users of interactive systems and
to reflect on the potential benefits and risks of such a systematic
manipulation. This workshop aims to foster a shared understanding
of imminent research questions at the intersection of time percep-
tion and HCI research and to identify strategies for tackling them
in collaborative projects.
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1 BACKGROUND
While the influence of time and timing has largely been neglected
in traditional Human-Computer Interaction (HCI) research, it now
gets increasingly acknowledged that temporal factors like delays,
durations and time-based expectations crucially shape our cog-
nitive and emotional interaction with computers. Consequently,
research on temporal aspects is increasing in various fields of HCI.
This boost of HCI-related timing research produces striking new
findings of high applicability. For example, the design and structure
of interaction environments determine how we deal with temporal
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system delays of different duration and, thus, dictate whether delays
facilitate or impair our performance, whether we experience delays
as aversive and captive, or as acceptable or even desirable [2–4, 9].
Likewise, our perception and feeling of time depends on inter-
face design choices: The interaction environment influences how
long we estimate the interaction duration, whether we impatiently
focus on the flow of time or, on the contrary, become entirely un-
aware of time passing by [1, 8]. However, most HCI-related time
and timing research findings come from specialized application
areas, such as robotics, gaming, and virtual reality (VR). Although
these specialized lines of research are flourishing, they are primar-
ily disconnected, with little convergent theorizing or even mutual
awareness between each other. This workshop will bring together
leading figures and early career researchers currently involved in
cutting-edge research on different areas of time and timing in HCI.
We aim to develop a common terminology and taxonomy spanning
various application areas, from Human-Robot Interaction (HRI)
over gaming to VR. By discussing potential theoretical frameworks
connecting previously disparate lines of timing research, we aim
to estimate the generalizability of novel findings across different
applications, paving the way for evidence-based design guidelines
for optimal temporal experience design.

Time perception is a fundamental aspect of every experience.
Whether we are waiting for our computer to complete a process,
experiencing the effects of network delay in an online multiplayer
video game, or interact with robots in a social setting – time is
ubiquitous. Manipulating how time is perceived can be a powerful
source of either frustration or satisfaction. Notably, the valence of
different temporal characteristics changes for different situations.
For example, the unpredictability of time delays in programming
can be frustrating. At the same time, it can be vital to increase
the perceived authenticity of social interactions with AI technolo-
gies [16, 29]. To disentangle the complexity of time and its effects,
our discussions during the workshop will center on three temporal
aspects relevant for HCI: Temporal delays, durations, and expecta-
tions.
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1.1 Temporal Delays, Durations, and
Expectations

In HCI, the temporal delay between input and output (latency)
alters the users’ experience. While in some scenarios, such as video
telephony, a low latency enhances user experience, the principle
of "less latency is better" may be too simplified in others and can
even be disadvantageous. Human cognitive processes often endure
longer than a computer’s calculations. Therefore, too swift outputs
can be as frustrating as prolonged ones. Both too swift and pro-
longed outputs may interfere with the quality of user experience
according to the principle of computational rationality [16].

Another crucial aspect influencing user experience when using
interactive systems is how we perceive temporal durations. The
perception of time devoted to an application, for example, when
booking a doctor’s appointment or playing a video game, depends
on various factors, such as the application’s purpose or level of im-
mersion. Therefore, manipulating those factors can systematically
alter the perception of durations, which is particularly relevant
for highly immersive interaction techniques such as VR. Previous
work, for example, demonstrated that the spatial layout of a (virtual
or real) environment affects perceived durations [1, 19].

Furthermore, repeated interactions with technical systems allow
us to develop temporal expectations, such as how long it takes for
a computer to boot up. These expectations help us detect abnormal-
ities and prepare for timely responses. Our comprehension of the
world is based on expectations, even for things we cannot directly
observe [21]. In social interactions, we have expectations regarding
the intentions and timing of feedback from other humans. If the
expected feedback is not received within a specific time window,
the meaning changes, and we may assume hesitation instead of
confirmation. The same is applicable when operating interactive
systems.

All three constructs – temporal delays, durations, and expec-
tations – are crucial to understanding the influence of time and
timing on the user’s experience. Systematic and well-coordinated
studies on this issue will provide a solid basis for defining optimal
conditions for the temporal design of interactive systems.

2 TIME AND TIMING IN HUMAN-COMPUTER
INTERACTION

Time and timing play a crucial role in all facets of HCI. From HRI
to video games and VR, the timing of actions and feedback can
significantly impact the user experience and performance. In the
following, we briefly explore the complexities of time and timing
in HCI, and how they differ across various domains.

2.1 Time and Timing in Human-Robot
Interaction

HRI research faces several critical challenges in terms of timing.
First, robots typically operate relatively slowly to avoid causing
harm. However, human interaction partners expect interactions to
be fluent and not to slow down task completion. Second, humans
expect robots to behave similarly to human partners because that
is the only relatable mental interaction model [16]. If the robot’s
timing diverges strongly from the expected timing, humans may

interpret this negatively. Third, the human partner requires feed-
back that supports complex interactions. If the robot fails to give
feedback and makes mistakes, it can cause intense frustration in the
human partner [29]. The artificial partner’s lack of transparency
and unexpected behavior is especially problematic and must be
addressed for a successful interaction. Therefore, it is crucial to
understand the appropriate timing of actions and feedback for such
interactions. Finally, in human interactions, we usually have spe-
cific predictions about our partner’s subsequent actions to support
or engage in joint action, where both partners’ actions are well-
coordinated [28]. This requires a mental model of the task and a
partner that is temporally adaptive to the situation.

2.2 Time and Timing in Video Games
In video games temporal components fundamentally shape player-
game interaction. Previous research, for example, illustrates that
latency negatively affects gaming experience and player perfor-
mance [2, 4, 5, 9]. Although technical compensation methods ex-
ist [3, 23], reducing players’ subjective temporal asynchronicity is
a promising approach to circumvent the negative effects of tem-
poral delays. Other work demonstrates that attentional resources
allocated to the game are a key factor in the players’ temporal
perception [15, 22]. However, it still needs to be understood how
game design and human time perception interact. Time perception
in video games is crucial on a macro level, for example to show
how playing video games leads to a systematic underestimation of
time [15, 17], but it is also crucial on amicro level, for example, when
predicting in-game events. Players need to temporally anticipate
in-game events to excel in particular video games [27]. However,
research in this area, investigating how temporal expectations inter-
act with video game mechanics, is still underrepresented. Further
interdisciplinary research is needed to investigate how game de-
sign can modulate the gaming experience and player performance
through temporal components and predictive game elements [24].

2.3 Time and Timing in VR
VR technologies are rapidly pervading almost all areas of HCI,
enabled by their immersive potential and an unprecedented de-
gree of realism. From the early days of ergonomics VR research,
a central issue has been determining how subjective experience
differs between real and VR-simulated situations. In recent years a
growing number of publications highlighted that the experience
of time systematically differs between real-world and VR scenar-
ios [14]. However, the findings from different VR applications are
inconsistent [10, 11, 26]. For example, timing accuracy is affected
by spatial features of the simulation [18]. Yet, it is also reduced
when users are confronted with more complex tasks [8], when their
movements are rendered at a slower pace [20], or when immersion
increases [12]. In addition to quantitative duration estimates, VR
environments also affect the qualitative experience of time. The felt
speed of time-flow increases when the user is represented by an
avatar [25], and the time spent in a waiting room is experienced as
more boring in VR than in a real waiting room [6]. Based on these
findings, researchers are developing VR tools to systematically ma-
nipulate human temporal experience along different dimension [7],
for example, by distorting users’ movement speed [13].



Time and Timing in Human-Computer Interaction MuC’23, 03.-06. September 2023, Rapperswil

Time Schedule Item

09:00 - 09:15 Welcome
09:15 - 09:45 Introduction round
09:45 - 10:15 Opening keynote talk by the organizers
10:15 - 10:45 Coffee break
10:45 - 12:15 Individual presentations of the participants
12:15 - 13:15 Lunch break
13:15 - 14:15 Discussions and brainstorming in topic-related groups
14:15 - 14:45 Summarize group discussions in topic-related groups
14:45 - 15:15 Coffee break
15:15 - 15:45 Group presentations
15:45 - 16:15 Making plans
16:15 - 17:00 Closing

Table 1: Tentative workshop schedule.

3 GOALS OF THEWORKSHOP AND
WORKSHOP STRUCTURE

Our workshop aims to integrate basic research findings on time and
timing into actionable and practical HCI research. Ultimately, we
aim to establish interdisciplinary research that (1) paves the way
for temporally human-aware robotic systems, (2) sheds light on
how video games and human time perception interconnect, and (3)
provides joint design guidelines for time-related issues, for example,
in VR.

To achieve this, we will gather researchers from different disci-
plines who are investigating temporal aspects of action, perception,
situations, or processes in HCI contexts (e.g., researchers from the
fields of HCI, Robotics, or Human Factors) or who are conduct-
ing relevant basic research of these aspects relevant to HCI (e.g.,
researchers from the fields of Psychology or Cognitive Sciences).
The workshop intends to identify intersections and differences re-
garding the interests and competencies of the multidisciplinary
participants and to identify challenges of interdisciplinary collab-
oration in investigating time and timing in HCI. The long-term
goal is to build a thematically and structurally connected commu-
nity of interdisciplinary researchers who will collaborate on future
research projects and develop a cross-disciplinary taxonomy for
investigating temporal factors in HCI.

This is a discussion-based workshop. The workshop is planned
as a one-day event and will be held as an in-person workshop. The
tentative schedule of the workshop is illustrated in Table 1. After
welcoming the participants, we start the workshop with the intro-
duction round (each participant introduces themselves with a 1 min
pitch). Afterward, the organizers will give an introductory keynote
about the workshop organization and the three topics. After a short
break, participants will then give a 3-4 minute presentation on
their papers. After an extended lunch break, they will join their
predefined discussion groups. These discussion groups will include
discussion and brainstorming around the topic area. A workshop
organizer will moderate each discussion group. Then, the results
of the discussion groups will be summarized by the groups in 1-3
slides and (after a short break) presented to all participants. Finally,
we will discuss short- and long-term collaborative plans.

ORGANIZERS
The organizing team combines expertise and interests from HCI,
psychology, robotics, and games research.

Martin Riemer is postdoc researcher at the Institute of Psy-
chology and Ergonomics at the Technical University Berlin. His
research is focused on time perception and spatial cognition, espe-
cially on the temporal and spatial aspects of VR applications and
HCI.

Johanna Bogon is postdoc researcher in the media informatics
group at the University of Regensburg. She has a background in cog-
nitive psychology and is interested in the bilateral transfer of basic
psychological research and HCI research. In particular, she focuses
on the integration of temporal features in action and perception
and their impact in HCI contexts.

Nele Rußwinkel is professor for Human-Aware AI at the Uni-
versity of Lübeck. She is a cognitive scientist and expert for cog-
nitive modeling in dynamic human-machine systems. Her work
focuses on interaction scenarios in complex settings such as pilots,
highly autonomous driving, and human robot collaboration.

Niels Henze is professor of Media Informatics at the University
of Regensburg. His research interests are mixed reality and mobile
human-computer interaction. Particularly, he is interested in the
design of mixed reality systems. His recent work focuses on under-
standing how embodied avatars affect perception and physiological
responses in virtual reality.

Eva Wiese is professor of Cognitive Psychology and Cognitive
Ergonomics at the Technical University of Berlin. Her research
focus is on Human Factors and Social Robotics.

David Halbhuber is a Ph.D. student in Media Informatics at
the University of Regensburg. His research focuses on the effects
of latency in video games and on novel approaches to latency
compensation in video games.

Roland Thomaschke is professor of Psychology at the Univer-
sity of Freiburg and head of the research group Time, Interaction,
Self-determination. His research focuses on human time perception,
temporal expectancy, and temporal experience.
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