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Hybrid User Interfaces:
Past, Present, and Future of Complementary
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Abstract—We investigate hybrid user interfaces (HUIs), aiming to establish a cohesive understanding and to adopt consistent
terminology for this nascent research area. HUIs combine heterogeneous devices in complementary roles, leveraging the distinct
benefits of each. Our work focuses on cross-device interaction between 2D devices and mixed reality environments, which are
particularly compelling, leveraging the familiarity of traditional 2D platforms while providing spatial awareness and immersion. Although
prior work has prominently explored such HUIs in the context of mixed reality, we still lack a cohesive understanding of the unique
design possibilities and challenges of such combinations, resulting in a fragmented research landscape. We conducted a systematic
survey and present a taxonomy of HUIs that combine conventional display technology and mixed reality environments. Based on this,
we discuss past and current challenges, the evolution of definitions, and prospective opportunities to tie together the past 30 years of
research with our vision of future HUIs.
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1 INTRODUCTION

IMMERSIVE augmented reality (AR) and virtual real-
ity (VR) is gradually gaining relevance in everyday life,

with affordable off-the-shelf hardware becoming increas-
ingly available to consumers. These mixed reality (MR)
platforms1 have now evolved to the point where researchers
can explore the nuances of interaction design without being
constrained by major technological limitations. In this con-
text, Feiner and Shamash [48] proposed in 1991 the concept
of hybrid user interfaces (HUIs), which combine “heterogeneous
display and interaction device technologies.” This concept the-
oretically allows for an infinite integration of technologies,
yet, such heterogeneous combinations are especially com-
pelling for MR environments: The ubiquity, convenience,
and familiarity of conventional 2D platforms (e.g., smart-
phones, desktops) provide a perfect complement to the
immersion and complexity of optical see-through (OST) and
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1. In this work, mixed reality refers to both AR and VR (cf. [144]), as
discussed in Sec. 4.3.

video see-through (VST) head-worn devices (HWDs)2. Yet,
although the concept of HUIs has persisted for decades, no
coherent delineation has emerged. As a result, there is a dis-
tinct lack of consistent design models and terminologies—
fragmenting the research community across overlapping
research areas such as cross-reality systems [3], transitional
interfaces [54], or cross-device interaction [16].

For example, the seminal cross-device taxonomy by
Brudy et al. [16] provides an overarching model for the
research area of HUIs. However, their taxonomy only con-
siders established devices (e.g., mobile devices) and ho-
mogeneous combinations, leaving topics such as MR envi-
ronments largely for future work. Yet, without firm design
principles and in the face of countless possible device com-
binations, the design space of HUIs can appear bewilder-
ingly large. Therefore, we extend the existing taxonomy by
examining complementary cross-device interaction between
traditional 2D device technologies and novel MR platforms
as a prevalent subset of HUIs. By first examining this subset,
we take a first step towards a better understanding of the
broader research area of HUIs. Thus, we aim to establish a
common terminology, allowing researchers and practition-
ers to better benefit from shared insights, establish a consis-
tent framework, and inspire future systems. This would, in
turn, enable the creation of a cohesive understanding of the
unique design possibilities and challenges of HUIs.

Toward this goal, we examine the past, present, and
future of HUIs, focusing on the unique combination of MR

2. We refer to “head-worn devices” (HWDs) instead of “head-mounted
displays” (HMDs) to emphasize the increase in wearability and capa-
bilities of current hardware, but intentionally kept the previous term
HMD for describing older hardware.
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Fig. 1. We take a look at 30 years of hybrid user interface research and its evolution, focusing on combinations of conventional 2D devices
with mixed reality environments. From left to right, (A) starting with its definition [48], (B) early extensions [13] (Image © IEEE 2006), and
(C) current usage for augmenting displays [127] (Image © Reipschläger et al., CC BY 4.0), (D) extending tablets in single-user [68] (Image
© Hubenschmid et al., CC BY 4.0) and (E) multi-user scenarios [91] (Image © Langner et al., CC BY 4.0), and (F) finally shifting towards more
empirical studies [73] (Image © Hubenschmid et al., CC BY 4.0). All images used with permission. To explore our investigated corpus, please visit
https://imldresden.github.io/huis.

environments with conventional display technologies, thus
integrating the research area of HUIs into the wider cross-
device taxonomy. Overall, our work contributes:

� A positioning of MR-HUIs, creating a better under-
standing of the term within the current fragmented
research landscape (Sec. 2 and Sec. 7).

� A systematic literature survey (Sec. 3) of HUIs that
combine 2D devices and MR environments, from which
we present our own taxonomy (Sec. 4) and identify
current trends (Sec. 5).

� A discussion of the challenges and research oppor-
tunities that describe how our investigated HUIs have
evolved (Sec. 6), paving the way for their future de-
velopment and research beyond current technological
restrictions (Sec. 7).

2 WHAT IS A HYBRID USER INTERFACE?
Since 1991, the term “hybrid user interface” has continued to
evolve. Despite significant advances in device technologies,
no coherent definition has emerged that delineates HUIs
from related research areas. This lack of common under-
standing makes it difficult to compare results and share
insights. In the following, we first review prior definitions
and the background (Sec. 2.1) of HUIs, building on previous
work by Satkowski and Méndez [133], and position HUIs
in relation to current adjacent research areas (Sec. 2.2). Based
on this, we discuss how we can identify HUIs (Sec. 2.3)
and derive three attributes that specifically characterize HUIs
that combine MR environments with conventional display
technologies (Sec. 2.4) to guide our literature survey.

2.1 Background
The term HUI was coined in the early 1990s by
Feiner and Shamash, describing a combination of “hetero-
geneous display and interaction device technologies” [48]. They
argue that physical device sizes decreased with the ad-
vent of portable computing devices (i.e., laptops). This led
to reduced interface real estate while still retaining high-
resolution input and output. In contrast, immersive tech-
nologies such as MR (especially HWDs)—back then and still
mostly today—offer a lower resolution for both input and
output space. However, AR has the potential for virtually
unlimited interfaces that exceed the capabilities of conven-
tional display technologies. Thus, they propose to combine
these technologies by “taking advantage of the strong points
of each” [48], treating the technologies as complementary

instead of competing. They exemplify this concept in a “hy-
brid window manager”, combining a high-resolution yet
size-restricted desktop with a low-resolution yet virtually
unlimited AR head-mounted display interface into a unified
application that blurs the boundaries between interfaces.

This initially broad scope opened up a vast design space,
but its ambiguity may have limited the adoption of the term
within the field, leading to the diffusion of this term as it was
applied to an increasing variety of device combinations over
the years. Although one prominent theme was the combina-
tion of 2D devices and immersive MR environments, this
was not universally shared by all prior works. On the one
hand, Butz et al. highlighted that HUIs extend to various
“technologies and techniques, including virtual elements such as
3D widgets, and physical objects such as tracked displays and
input devices” [19]. They noted that the resulting global AR
space can be shared, which is also discussed by Feiner,
as HUIs combine all devices “in a mobile, shared environ-
ment” [46]. Bornik et al. further emphasize the potential
combination of MR environments with conventional 2D
display technology for HUIs, as they “pair 3D perception and
direct 3D interaction with 2D system control and precise 2D in-
teraction” [13]. This is echoed by Geiger et al., who state that
HUIs “combine 2D, 3D, and real object interaction and may use
multiple input and output devices and different modalities” [51].
In contrast, Strawhacker and Bers employ HUIs in a broader
context without MR, presenting a HUI that allows “users [to]
switch freely between tangible and graphical input” [146].

One commonly shared theme is the importance of com-
plementarity: For example, Sandor et al. state that “infor-
mation [in HUIs] can be spread over a variety of different,
but complementary, displays” [131]. Furthermore, in line with
Butz et al. [19], they describe that users of HUIs can “interact
through a wide range of interaction devices” [131]—we thus
see the potential of HUIs not within a random assortment
of technologies, but in a principled integration of different
standalone “interaction devices”.

2.2 Adjacent Research Areas

The combination of complementary device technologies
opens up a vast design space with countless possible com-
binations. These device combinations are, however, not ex-
clusive to HUIs. In this section, we describe the intersection
between HUIs and adjacent research and clearly position
HUIs within the current research landscape (see also Tab. 1
for an overview).

https://imldresden.github.io/huis
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