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Abstract. In recent years, Augmented Reality (AR) technology has been adopted
in various fields. The development of handheld devices (HHD) such as smart-
phones and tablets gives people more chances to use AR technology in their daily
lives. However, AR applications using head-mounted devices (HMD) such as
Microsoft HoloLens or Magic Leap provide stronger presence experiences than
HHD, so that users can immerse themselves better in AR scenarios. While cur-
rently there already exist prototypical examples of HMD in museum contexts,
widely used interaction patterns are not yet well established, although they would
play an important role for accessibility by large user groups. This paper explores
existing and potential interaction patterns for guided tours in museums, led by
the question how to reconcile AR interaction patterns on HHD and HMD. We
use an existing museum showcase for handheld AR from the project “Spirit” to
transfer its interaction patterns to an HMD, such as the MS HoloLens. Technical
constraints and usability criteria regarding the potential overlaps and applicability
have been analyzed in this paper.

Keywords: Augmented Reality · Handheld devices · Head-mounted devices ·
User interaction patterns · User experience design · Cultural heritage

1 Introduction

In recent years, smart technologies have changed not only working environments, but
also private use of gadgets for living and entertainment. For example, the emergence of
Augmented Reality (AR) technology evoked higher expectations for visit experiences
in museums and exhibitions. However, while people benefit from new technologies,
they are also under pressure to use them properly. Therefore, providing reasonable and
understandable interfaces and interaction patterns to enhance the usability of AR devices
is important, especially for laypersons.

For tour guide applications and storytelling in a cultural heritage context, such as
in a museum, AR applications have been researched for decades and recently already
produced for the App market. Most of these applications are developed for handheld
devices (HHD) like smartphones or tablets, which are available off-the-shelf. However,
head-mounted devices (HMD) such as Microsoft HoloLens or Magic Leap provide a
much stronger immersive presence experience than handheld AR, while more directly
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exploring the digitally enhanced natural environments, making use of more integrated
sensors, including gesture and speech input. Thus, although HMD-AR so far has been
successfully applied mainly to hands-free maintenance and assembly support applica-
tions, there is only little established common-sense regarding interaction patterns for
guided tours. There is a gap between existing scenarios of handheld AR for laypersons
and head-mounted AR for professional work, which still needs further investigation.

Our applied research goal in the long run is to develop AR content that can be shared
between HHD and HMD. The contribution in this paper is to first identify possible
interaction patterns for both HHD and HMD by analyzing their interaction styles and
technical affordances based on cultural heritage related use cases. Further, we use an
existing museum showcase for handheld AR to discuss the possibility and challenge
of transferring its interaction patterns to a head-mounted AR device like the HoloLens.
We analyze technical constraints regarding their potential overlaps and applicability and
identify gaps for further research.

2 State of the Art

AR technology has been investigated by various industries in the past decades. Marker-
based AR technology is widely used on handheld devices; its technical solutions of
mixing the digital content with the real world are successfully explored in entertainment
[1], production [2] and cultural heritage context [3]. One step in the development of AR
applications is interaction design. Pattern approaches have been taken by many software
developers and designers to identify and solve problems in the development phase [4–
6]. For AR based guided tour applications, many researchers explored the potential
possibilities of AR technology in the cultural heritage context with HHD [7]. However,
HMD interaction design approaches are not yet sufficiently explored in this application
area. While it is often postulated that HMD-based AR enriches user experience by
engaging and motivating their imagination through interactive storytelling, gaming and
learning [8], there are not many prototypes nor design guidelines that can be used if a
new project starts. The technology potential of HMD for cultural heritage recently just
gains interest in avant-garde artistic research projects [9, 10], while general interaction
patterns are not discussed yet in these.

This paper is concerned with comparing interaction patterns used in exhibitions,
museums, or cultural heritage learning, exploiting the possibilities of the HoloLens. In
Sect. 3, we compare interaction styles and technical solutions of both HHD and HMD
based on cultural heritage related use cases. In Sect. 4, we use an existing showcase from
the “Spirit” project [11] to analyze the possibilities of transferring its digital content from
HHD to HMD.

2.1 Interaction Patterns

Although many researchers believe that so-called natural user interfaces can ease dif-
ficulties to use a new product, people often still must learn basic interaction methods
when facing a new interface. [12] Thus, as HHD-based AR applications become more
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and more popular in daily life, providing understandable interfaces and more widely-
used interaction patterns for laymen has become an important topic for development
teams.

The first pattern theory was introduced by Christopher Alexander in the 1970s. The
purpose of his pattern language was to provide laypersons with a vocabulary to explain
their ideas anddesigns, and to communicatewith professionals in the architecture domain
[13]. Baltzer et al. adopted the pattern theory fromAlexander for their interaction pattern
analysis. They point out that patterns are approved solution strategies to repeat known
problems and describe the core of the solutions in a way that can be used repeatedly
in our daily life [4]. Thus, from the conclusion of Baltzer et al., creating an interaction
pattern requires application designers to identify repeatable problems and solutions from
a certain task.

In general, the user manipulates the interface with certain interaction styles such as
click, swipe, pinch, etc., and it often requires a sequence of repeatable manipulations to
finish a specific task. As a pattern offers a vocabulary to explain the problem and solution,
an understandable interaction pattern can for example offer a meaningful metaphor that
helps users to remember multiple complex manipulations [14].

Understanding use cases can also help designers and software developers to invent
new interaction patterns. Constantine [15] points out that from the view of software
developers, use cases guide the design of communicating objects to satisfy functional
requirements, and use cases provide a straightforward and logical means for modeling
workflow.Rumbaugh [16] also indicates that a use case is a sequence of actions, including
variant sequences and error sequences. Therefore, we conclude that interaction patterns
offer meaningful metaphors to explain the actions within use cases.

In AR application design, actions within use cases aremainly formulated by physical
interaction styles and technical solutions. For instance, users need to understand whether
they should tap on a screen or move their device to finish a certain task, and, if they will
use marker recognition or location detection to activate the digital content. Thus, to
create a meaningful metaphor for an interaction pattern, related interaction styles and
technical solutions of both HHD and HMD must be explained at the beginning.

3 Comparing Interaction Styles and Technical Solutions of HHD
and HMD with Cultural Heritage Use Cases

Research results from Constantine [15] and Rumbaugh [16] suggest that workflows of
use cases are often differentiated by different technical solutions. Besides, interaction
styles are another important factor that influence the workflow [15]. Therefore, interac-
tion styles and technical solutions from both HHD and HMD will be discussed in the
following.

3.1 General Interaction Styles of HHD and HMD

Since smartphones become popular in our daily life, screen-based interactions have been
investigated by many researchers. For the handheld device, the user interacts with digital
content mainly via press (touch), swipe, pinch, etc. The HMD (such as the HoloLens)
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offers new interaction styles to manipulate 3D content. According to the Microsoft
Mixed Reality design guideline [17], three interaction models have been proposed for
developers: hands and motion controllers, hands-free, and gaze and commit. The user
interacts with the digital content via various gesture controls such as “air tap”, “tap and
hold” or with voice input like saying “select” or “back”. Yet the different interaction
styles from HHD and HMD may share similar manipulation actions in the same task.
For example, while the user manipulates digital content on a tablet by "touch" and select,
on HoloLens the user will use “air tap” for selection instead. Other important hardware
aspects are that the HoloLens and tablet (depending on its configuration) may indeed
share some of their internal equipment and sensors, such as a display, sound in/output,
camera, and movement tracking/gyroscope. Each platform has specific hardware solu-
tions and restrictions that influence the potential implementations of interaction styles
(see Fig. 1).

Fig. 1. Overlaps and differences in hardware design relevant for interaction.

Although the HoloLens provides different interaction styles such air tapping and air
scrolling, these interaction styles share similar logical input methods with those from a
tablet. Thus, it should be possible to adopt at least some use cases from a tablet for a
HoloLens. However, the HoloLens also offers new input methods, for example “Gaze
and Dwell” by analyzing head position and gaze direction. For a specific use case such as
selecting an object in 3D space, the HoloLens then provides more options to manipulate
digital content.

3.2 Technical Solutions of Mixing Virtual Objects with the Real World

Augmented Reality is able to integrate the perception of interactive 3D virtual objects
within the impression of users’ real surrounding environments in real-time [18]. Marker
recognition is just one solution to trigger and position AR content within the physical
world. To get an overview of the existing market solutions of mixing digital content
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with the physical world for HHDs, we recently compared and tested 80 popular AR
applications with several kinds of categories from App stores.

The result shows the following: Out of 80 applications, 29 used visual marker recog-
nition to trigger content; for example the OTE Museum AR application shows further
information about an artefact when the marker is triggered by the camera. 4 applications
used face recognition to show AR content; for instance, Instagram uses face recognition
to overlay virtual effects once a face is identified. 36 applications used surface detection
to let users place AR content by tapping on the screen, while the camera is directed at
(mostly) horizontal planes; one example is IKEA Place that requires user to identify a
suitable surface to place digital furniture augmenting their home. 11 applications used
location detection; such as Car Finder AR that shows a 3D icon to guide the user to the
parking place. Table 1 provides an overview.

Table 1. Four technical solutions to apply AR content on HHD

Technical solution Steps Example application

Marker recognition 1. Activate the camera
2. The camera focuses on the target

marker (or Image)
3. Showing related digital content

OTE Museum AR [19] (Showing
virtual object in the real world)

Face recognition 1. Activate the camera
2. The camera focuses on a face
3. Add digital content on the face

Instagram [20] (Add filters or
masks on the face)

Surface detection 1. Activate the camera
2. The camera focuses on a flat

surface
3. Confirm the flat surface
4. Showing the digital content

IKEA [21] (Select an efficient
surface to place the digital content)

Location detection 1. Activate the GPS sensor
2. Detect and calculate the distance
3. Towards the target destination
4. Showing the related digital

content

Car Finder AR (Navigation system)

The table above shows four principles of activating and placing AR content on the
HHD. With surface detection, the application requires the user to pick up a relatively
empty surface to place AR content. Mostly no other specific sensor is required for this
solution, as users will place digital content manually. With marker recognition, when
image recognition software recognizes a pictorial marker through the camera, the system
activates digital content staying registered to thatmarker. Face recognitionworks similar,
in that once a face pattern is recognized, digital content will be overlayed on the detected
face. Locative applications work with distance and location sensors, such as GPS, WiFi
or beacons, triggering content when the user gets close to a specific hot spot created
during an authoring process.
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The HoloLens shares many of these technical solutions for activating and registering
ARcontent, documented in theMicrosoftMixedReality design guideline [17]. However,
the HoloLens does for example not offer GPS in its hardware unit, which means, it is
comparably difficult to implement outdoor location detection on the HoloLens as easily
as onHHD.Therefore, developersmayneed to use other technical solutions to implement
location detection related use cases. Besides, for placing AR content on a horizontal
surface, the HoloLens provides different (and better) solutions than most HHD. The
HoloLens uses SLAMtechnology including room scanning, scene understanding, spatial
anchors, spatial mapping, etc. to integrate digital content with the physical world [17].
For instance, the camera sensors on the HoloLens scan the environment consistently
and convert the acquired spatial data to an updated digital 3D environment. Based on its
unique spatial mapping algorithm, digital content can be automatically anchored to this
newly created digital 3D environment.

To sum up, compared with HHD solutions, the HoloLens provides different options,
such as spatial mapping algorithms and hand gesture tracking, to allow users operating
the AR content. Thus, creating an understandable and reasonable interaction pattern on
HoloLens, developers need to combine the advantages of its specific interaction styles
and AR-specific technology.

3.3 Identifying General Repeatable Use Cases in a Museum Visit

One goal of this paper is to explore shared potential interaction patterns for both HHD
and HMD in a cultural heritage context. To start, we identified typical repeatable use
cases from general museum visits.

Visiting processes and user behaviors in museums have been focused on by many
researchers. Litvak proposed two states for their interface design based on the visitors’
guiding process (compare Fig. 2). When visitors position themselves within the bound-
aries of a point of interest (POI), all relevant information concerning this POI will be
presented within the visitors’ view. When attendees leave one POI and return to the
main path, the systemwill change to a navigation state [3]. In general, the digital content
of a guided tour includes multiple locations and information about various artefacts. In
a tour, visitors may explore artefacts in a certain sequence or by searching for certain
POIs to get through an exhibition. We identified an overall visiting pattern with two
alternating use cases, based on the exploring behavior in museums which can be further
investigated for potential use cases in the cultural heritage context.

3.4 Current Interaction Patterns in a Cultural Heritage Context

Most guided tour applications have focused on the two modes shown above, whereas
recently, especially those in the state of current AR research prototypes, may only offer
the “exploring” mode. This may be because most research publications are still con-
cerned more with the technical functioning of the AR-related prototype (like tackling
the problems of tracking accuracy) than with the overall end-user experience. For exam-
ple, Chiu et al. [22] proposed an AR guiding system on HHD to guide visitors to walk
through the Baoan Temple. The prototype uses marker recognition for showing a virtual
object. The visitor first focuses on a mural art piece with the camera. Once the system
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recognizes the content, more detailed information about the art piece will be triggered
and be shown to the visitor. However, the system does not include a navigation function,
therefore the visitor must tap on the smartphone screen to operate further visit flows.

Exploring

Navigating

Use case 01: Visitors explore
artefact at a POI

Use case 02: Visitors go to next POI

Fig. 2. Visiting pattern of a general museum visit.

Hammady et al. [8] introduced a system loop in the prototype for their museum
guidance system “Museum Eye” to test and evaluate the design integrity. The prototype
works with a HoloLens and it consists of three stations and other nine stops in the tour.
Once the visitor triggers one station, a scene will be generated and mapped on top of
the physical environment. Visitors will explore different scenarios without a predefined
specific order, so that they receive an authority to control and jump from one scene to
another.

Unlike the above, Litvak [3] proposed a guiding system for smart glasses based on
location-dependent interactions. Once the user arrives at one POI, related information
will be triggered and shown to the user. The system includes both a wearable and a
handheld device. The user will follow AR navigation marks (e.g. arrows) popping up in
the view to find the way between POIs. When the user arrives at a POI spot, an audio
alert will be triggered on arrival. Further, additional information regarding each POI will
be presented to the user.

For many “real” cases found in app stores for specific museums that are designed for
smartphones, QR markers or similar signs are positioned in the physical environment.
Users have then the task to find andmove towards the sign, aswell as point their camera at
it, to access further information. Since we can expect a broader user community to easily
get familiarwith this pattern, it is often repeated.However, not only technical functioning
and interaction patterns affect the visiting experience, as the thematic background of
exhibitions and use cases from storylines may also influence the expectations of visitors.

There are only a few experimental projects yet on usable/end-user tested HMD
guided tour or museum applications, although some of the very first seminal research
endeavors in AR combined HMD and cultural heritage, such as Touring Machine [23]
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and Archeoguide [24]. However, because of their feature for hands-free interaction,
in the following HMD have preferably been developed towards professional industrial
applications, mainly in the fields of maintenance or assembly. Currently, the penetration
of consumer markets with smartphones and tablets is another reason to use these in
museums, which is a matter of accessibility. However, users more and more are fasci-
nated by the experience of immersion and presence that new hardware products like the
Microsoft HoloLens or Magic Leap can offer.

Brancati et al. [25] performed a usability study with end-users in a Naples city tour
with anHMD,whileHammady et al. [8], who designed a tourwith theHoloLens, pointed
out that the current lack of existing knowledge in spatial UX made effective usability
design a challenge.

In summary, there are too few projects with HMD in museums to already be able to
see end-user interaction patterns emerge that can be reused widely. Therefore, our goal
is to design and research potential suitable interaction patterns. Further, since handheld
AR in museums will most certainly not be replaced by HMDs, we see the necessity to
develop guided tour content only once and use it on both kinds of devices. Resulting
interaction patterns would need to be reconcilable across both platforms.

4 Transferring Digital Content from Tablet to HoloLens 2

As a start, in order to explore the applicability of existing content designed for tablets
and smartphones towards experiencing it on the HoloLens 2, we use a showcase built
within the project “Spirit” [11]. The goal of this showcase was once described to achieve
a feeling of “presence” [26] at a historical place, in this case a Roman Fort. However, the
requirement was to use HHD target platforms (tablets) that were available off-the-shelf
in 2016. The AR app placed re-enacted historical scenes of Roman village inhabitants
between the mural remains that are still visible.

Although the HoloLens hardware is not optimized to be used in outdoor scenarios,
wewant to transfer this project to thisHMDbecause of several reasons. First, we estimate
a greater experience of “presence” for the encounter with the ghost-like impressions of
the “spirits”, and want to explore the chances and limitations of placing video characters
into the real environment. Further, we estimate that future HMD may have enhanced
features (e.g., GPS) and we use this experiment as a step into the future. Finally, we
already have access to all the content and authoring elements of this previous project.
The scenario is complete in the sense of providing a guided tour and providing suitable
content (both general museum use cases of Navigation and Exploration), which allows
us to experiment with all the necessary situations for users and explore limitations.

4.1 Example: Interaction Pattern in the Spirit Project

The showcase application from the “Spirit” project was designed to follow a metaphor
of “magic equipment” in that interaction design and interactive narrative design were
strongly intertwined [27]. The user had to track down the “spirits” of people that once
lived by the Roman Fort, represented by filmed actors in historical costumes. While a
fictional story built the backbone of thewhole interaction, also factual knowledge in form
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of readable text should be made accessible. The user metaphorically had to find places
that the main character of the story, Aurelia, remembered. In the meta-dialogue with
Aurelia, she showed blurry memory outlines of buildings that the user had to go to in the
following (called “stencils”). That way, several locations could be visited. The app used
GPS and image recognition to trigger parts of the story, once the user has found the right
position at the “next” location. Additionally, at each position, the user was urged to look
around and experience the real environment, such as meaningful geographic directions
or relationships to other places around. Using the gyro sensor of the tablet, the device
tracked the user’s turning movement and thus triggered more “spirits” appearances to
the left and to the right, which in total resulted in a pseudo 3-dimensional stage around
the user. Because of the intended impression of “presence” of historical figures in the
real environment, we assume that using a head-mounted device such as the HoloLens 2
would increase that feeling.

Figure 3 and Fig. 4 show example scenes of the Spirit application. While the app
follows the main general visiting pattern explained in Sect. 3.3, it is structured into three
modes. Only one of these provides the actual AR experience of an encounter with spirits.
Apart from the navigation mode “Search”, there is also non-AR content displaying facts
as readable text (mode “Read”). Thus, the Spirit concept separates re-enacted, partially
fictional historical drama, which is the main AR content, from explanatory text that can
be more conveniently read based on the users’ demand.

Figure 3 illustrates the three modes in the project “Spirit”:

1. Search (Fig. 3, left and middle)
2. Encounter (Fig. 4)
3. Read (Fig. 3, right)

Fig. 3. Spirit example showcase. Left andmiddle: “Search”modewithmap and stencil (“memory
image”). Right: “Read/Touch” mode to be used at the user’s convenience in between (non-AR
content) [11].

4.2 Options for Transferring the Interaction Pattern from HHD to HMD

As mentioned in Sect. 2.1, to create a meaningful metaphor for an interaction pattern,
it is necessary to evaluate both interaction styles and technical solutions in the Spirit
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Fig. 4. Spirit example showcase. “Encounter” mode: One location with different characters to
the left, front and right. GPS plus image markers trigger the first video of a scene. Users need to
pan the tablet (turn around 90 degrees) between dialogue pieces to experience the whole scene.
The gyro sensor triggers and starts further videos [11].

Table 2. Interaction styles and technical solutions in the Spirit project

Interaction styles 1. Touching on the screen to operate the application
2. Turning the tablet to left and right to trigger further hidden digital

information

Technical solutions 1. GPS units for tracking real time location coordinates
2. Marker recognition for triggering digital information
3. Gyro sensor for triggering further digital information at the same

location

application to analyze the possibility of transferring its interaction patterns from the
tablet to a HoloLens 2 (see Table 2).

The Spirit concept involves several interaction styles and specific technical solutions
of a HHD for its interaction patterns, which are not easily transferred to a Hololens. In
the “Search” mode, it uses GPS for map navigation feedback as users know it from
usual navigation tasks with a handheld. The second mode “Encounter” employs image
recognition and events from the Gyro sensor to trigger film scenes with virtual characters
surrounding the user (see Fig. 5). In the third mode “Read”, the application runs by
a familiar touch interaction to scroll text and operate a menu. Users hold the tablet
horizontally, while they can also make a short break and sit down for reading.

The HoloLens provides different interaction styles compared to a tablet, although
there are at least overlaps in the hardware configuration (see Fig. 1). Therefore, it is partly
impossible or unsuitable to transfer the complete designed interaction pattern from the
tablet to the HoloLens 2. For example, in the Read mode, it is technically possible to
transfer the facts text from the tablet to the HoloLens, but not resulting in a familiar or
convenient reading experience.

Further, the HoloLens has no built-in GPS, whichmeans, the “Searching on themap”
interaction pattern must be skipped or redesigned to adapt to other technical solutions.
Instead of GPS navigation, the HoloLens uses SLAM technology to track the nearby
environment consistently. This is acknowledged to work well for indoor activities, but
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Fig. 5. Spirit triggers for the Encounter mode on the tablet (GPS, backdrop marker recognition,
gyro sensor). [28]

onlywith limitations for outdoors, especially in unstructured environmentswithoutwalls
and for far distances. For the “Encounter” mode that needs recognition of a "backdrop"
for a scene and changes in the users gaze direction, the HoloLens is also equipped
with a RGBD-camera and gyroscope to support almost the same metaphors as on the
tablet. Panning with the tablet to the left and right can be transformed so that users
just turn their heads. However, if this is combined with triggering the starting videos,
it feels unnatural and may cause physical inconvenience due to the repetition. It is also
questionable whether this action is as intuitive as pointing a camera device explicitly
into a certain direction for scanning. Currently, the implementation is ongoing work,
while we also explore the limitations of so-called natural interfaces [12].

This study aimed at exploring the possibility of transferring interaction patterns from
HHD to HMD. After analyzing the specific interaction patterns used within the Spirit
project, we see the potential of implementing the same metaphor on the HoloLens in
principle. It may save time and money to adopt existing video data from the tablet
platform. However, the HoloLens offers more options, as it could offer an even stronger
presence experience in that virtual characters could be shown in 3D. Visitors could be
able to experience more immersive scenes with spirits, for example viewing a ghost who
accompanies them flying through the building while communicating with the users. In
contrast, in the Spirit project, all characters were realized as pre-recorded videos, as this
was sufficient for the target platform, a 2D screen. The existing 2D videos could still
be placed in the 3D environment at a decent distance to the viewer to have a similar
“ghost” experience as in the Spirit project. However, one disappointing effect could be
that visitors will think of it as “Fake” experiences, as there is no stereo effect and there
is greater awareness of the two-dimensionality.

Therefore, in order to optimize the usability and user experience, based on interaction
styles and the technical solutions of the HoloLens, novel interaction patterns should
be designed when transferring the general concept from the tablet to HoloLens. This
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would also lead to the necessity to create new content, as it reduces reusability. New
interaction patternsmaking use of gestural input need to be further explored, for example,
“waving arms” or “snapping fingers” could remind at a wizard who is casting a spell.
Further, because theHoloLens performspoorly for outdoor activities, conceivingoutdoor
use cases could be limited to a confined radius. Thus, the entire concept of the Spirit
application would have to be adapted for optimum fit with the HoloLens.

5 Conclusion

In this paper, we lay the ground for our further research targeted at designing interaction
patterns for HMDs like the HoloLens to be used in museum contexts or in guided tours,
and which need to be compatible with interactions possible with current handheld AR
devices.While we expect that users will experiencemuch stronger feelings of "presence"
with anHMDconcerning visual ARoverlays, some other requirements ofmuseum tours,
such as acquiring plain text information and map navigation, may need to be adjusted
in specially designed interfaces.

While related work often focuses on solving mainly still challenging technical issues
of AR, and there are too few HMD related projects with the focus on meaningful inter-
action patterns in the cultural heritage context, the state of the art is not ready yet to
illustrate efficient interaction patterns for both HHD and HMD. However, from ana-
lyzing interaction styles and technical solutions of HHD and HMD, we conclude that
although it is possible to transfer the interactive AR content from HHD to HMD, the
interaction style of HMD like the HoloLens offers different input methods such as air
tapping or air scrolling to manipulate the digital content. It is necessary to redesign new
interaction patterns for HMD like HoloLens 2. For cultural heritage content, because of
the lackingGPS sensor onHoloLens 2, outdoor-based use casesmay not fit theHoloLens
2 well, or, this may require developers and designers to find other technical solutions
such as using marker recognition for outdoor tracking.

In the future, museums and exhibitions may be visited with different devices at the
same time. Therefore, future work is needed on reconciling the different worlds of HHD
and HMD to design one content for several possible devices.
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