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Figure 1: HydrogenAR is a novel augmented reality application that allows for increased engagement with hydrogen fueling
through participation in a simulated Hydrogen fill-up (left). HydrogenAR provides a data-driven story by situating relevant data
directly in the physical environment and relative to dynamic props (right).

ABSTRACT

When delivering presentations to a co-located audience, we typically
use slides with text and 2D graphics to complement the spoken
narrative. Though presentations have largely been explored on 2D
media, augmented reality (AR) allows presentation designers to add
data and augmentations to existing physical infrastructure on dis-
play. This coupling could provide a more engaging experience to
the audience and support comprehension. With HydrogenAR, we
present a novel application that leverages the benefits of data-driven
storytelling with those of AR to explain the unique challenges of hy-
drogen dispenser reliability. Utilizing physical props, situated data,
and virtual augmentations and animations, HydrogenAR serves as a
unique presentation tool, particularly critical for stakeholders, tour
groups, and VIPs. HydrogenAR is a product of multiple collabo-
rative design iterations with a local Hydrogen Fuel research team
and is evaluated through interviews with team members and a user
study with end-users to evaluate the usability and quality of the
interactive AR experience. Through this work, we provide design
considerations for AR data-driven presentations and discuss how
AR could be used for innovative content delivery beyond traditional
slide-based presentations.

1 INTRODUCTION

Presentations of scientific concepts have historically been confined
to 2D imagery, video, and text to convey a narrative to the audience.
While such presentations have largely been limited to 2D screens,
augmented reality (AR) displays provide an opportunity to situate

*e-mail: matthew.whitlock @colorado.edu
fe-mail: danielle.szafir@colorado.edu
fe-mail: kenney.gruchalla@nrel.gov

virtual content directly in the physical environment. This new dis-
play media enables presentations to integrate physical infrastructure
directly into the presentation narrative. In this way, AR creates an
opportunity to link conceptual understanding to relevant physical
components and infrastructure when presenting scientific concepts.

Previous work in virtual reality (VR) has proposed methods for
unique presentations by combining flat 2D slides with 3D con-
tent [10]. This approach presents a novel design space for pre-
sentations, as presenters can incorporate 2D and 3D content and
embodied interaction in a fully immersive environment. However,
the notion of VR as a presentation media has only received recently
received considerable research attention as the IEEE VR 2020 con-
ference was conducted entirely online (and more major conferences
to follow), with many participants attending and presenting in VR.
The opportunity for novel immersive presentations is even further
extended by AR, as presenters can also incorporate physical infras-
tructure into the narrative. As with VR presentations, research on
AR presentations—particularly co-located ones—is relatively unex-
plored. Our work serves as a case study for using AR to integrate
traditional 2D visuals with physical infrastructure, situated visual-
izations and 3D models and simulations to develop more engaging,
interactive presentations.

Prior AR presentation systems have primarily focused on automat-
ing tour guidance to the person wearing the headset. We argue that
rather than simply reducing the need for a presenter, AR presenta-
tions should consider how AR presentations should also consider
how AR could be used by presenters co-located with their audiences.
This is particularly important since many presentations are delivered
in person via slides, videos, and images with a co-located expert
controlling the pace and narrative. We therefore consider the design
of guided presentations in AR, specifically focusing on how we can
extend traditional, familiar presentations.

We present HydrogenAR, an application for presenting informa-
tion about hydrogen fueling in a guided tour. We worked with a local
Hydrogen Fuel team to iteratively design a mixed-reality system that



integrates PowerPoint-style visuals with situated visualizations and
an interactive fueling cycle simulation. Our design supports both the
members of the team presenting and the visitors engaging with the
presentation. This mixed reality approach serves to contextualize
the fueling station with data and narrative and extends the existing
2D presentation to incorporate user interaction and engagement with
the fueling process. We conducted a formative study that identifies
benefits of this novel presentation format and future directions for
AR tour and presentation research. Our work with HydrogenAR
foregrounds opportunities for innovating presentation delivery in
AR using novel, engaging presentation formats.

2 RELATED WORK

Our approach the explores the benefits of using immersive AR
for presentations in prior research, considering AR for tours and
education, data-driven storytelling, and use of AR for information
visualization.

2.1 AR Tours & Educational Presentations

Previous literature has used AR to situate virtual content in the envi-
ronment for education. For example, systems have utilized AR to
reveal the underlying processes in circuits to students [2]. Surgeons
can perform a simulated surgery [45] or receive guidance from a
remote instructor in a real operation [5]. Garzoén et al. provide a
systematic review and analysis of 61 AR educational studies from
2012 to 2018 and found that AR can increase student motivation [12].
These benefits of increased engagement and integration with phys-
ical infrastructure could also improve traditional 2D presentation
formats.

AR has also been used as a means of tour guidance. Situated
virtual content in a navigable physical environment allows users to
receive automated tour guidance without a trained professional co-
present. Early efforts for situated tours include the Touring Machine,
which provides situated graphics outdoors to give users a tour of
Columbia University’s campus [9]. Situated Documentaries describe
use of 3D graphics, imagery, audio and virtual flags embedded in the
outdoor environment [16]. Other work on tour guidance has explored
how AR might guide users through the Omaha Beach landing [25],
ancient Greek ruins in Olympia [46] and indoor AR museum exhibits
[50]. Commercial tools such as KreatAR ! and Brio? also allow
viewers to engage with 3D models at their own pace in the absence
of a co-located guide. This approach is effective in delivering tour
guidance when a human guide is not available, allowing the content
and pacing to be personalized to the user’s preferences, but does not
consider use cases with a co-located presenter.

Similarly, prior work using AR has explored simulating face-
to-face interaction for improved communication and collaboration,
including AR for real-time remote guidance in search [33], assem-
bly [21], medical [5], and maintenance [48] tasks. Online AR
guidance allows for more instruction supported by augmentations to
provide visual guidance to supplement traditional voice-only meth-
ods. Collaborative AR can also display avatars [19,34,51] and live
holographic reconstructions of remote users [30] to enable simulated
co-located meetings.

While collaborative AR research has explored these strategies of
automated guidance and simulated face-to-face interaction, much
less work has explored the potential for AR to improve live, co-
located presentations. Zarraonandia et al. argues that a presentation
should be a back-and-forth between presenter and the audience [52],
in their work, exploring how AR can provide the presenter with
non-interuptive visual feedback on audience understanding over
the course of the presentation. Meetsu mediates communication
between the presenter and audience members using an augmented
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video feed with annotations [6]. Commercial solutions such as Flow
Immersive® and Prezi* use 3D visuals as supplemental presentation
content. While these works focus on AR-mediated communication
from audience members to the presenter, we instead use AR as the
presentation medium. We build on this work by considering Ul
design for both the presenter and the audience and how physical
infrastructure and situated visualizations can fit into the presentation
design.

2.2 Data-Driven Storytelling

Data-driven storytelling combines visualizations with narratives
to facilitate exploration and communicate information from data
analyses [4,22,38,44]. News organizations like the New York
Times and The Economist regularly publish articles that incorporate
interactive data visualizations (e.g., Rich et al. [36]). Data journalists
have also been early adopters of AR [31], including through web
articles [42] designed to be used with AR head-mounted displays.
However, there are fewer examples of data-driven storytelling for
science and engineering generally [27].

A recent survey of novel devices in data-driven storytelling notes
a lack of applications showcasing data-driven storytelling in AR,
despite the potential of physical props to enhance these experi-
ences [24]. Using the multimodal input and output of AR displays,
designers can craft data-driven stories that allow the audience to
become immersed in the story. In the same way that visualizations
embedded on a webpage supplement a journalist’s narrative, we con-
sider how situated visualization can supplement an AR presentation.
Our work investigates AR as a medium for telling a data-driven sci-
entific story contextualized in physical space on physical equipment.

2.3 Immersive Visualization

Use of immersive AR for visualization provides several benefits
over traditional display media. Perhaps most notably, by displaying
virtual content in a physical environment, AR can eliminate tedious
context shifts that make understanding data or processes more chal-
lenging. For example, tour systems may help users navigate an
exhibit by labeling points of interest and navigation cues directly in
indoor [17,28] and outdoor environments [9,53]. Assembly and pro-
cedural instructions can be projected into the physical environment
and even onto individual pieces, eliminating the need to switch back
and forth between paper instructions and the task at hand [14,15,32].
Educational content can be retargeted to AR to provide increased
context and engagement [2,37].

In information visualization, we can leverage this reduced context
switching to break down barriers in understanding data relevance
through “situated visualizations.” Situated visualizations can pro-
vide context to consumer data while in a store [7], express robot
intent [47], and communicate the states of smart devices in an IoT-
enabled smart home [11, 18]. Beyond situating visualizations in the
environment, immersive displays may provide benefits to certain
classes of data visualizations. Growing empirical and anecdotal
evidence suggests that immersive visualization can improve data
analysis in real-world settings [13]. One key reason for this im-
provement is the increased space to visualize data beyond that of
a monitor or mobile device [1]. Multiple studies have shown an
embodied perspective helps users infer depth, making it viable as a
visual channel for immersive displays [8,23,49].

Though these immersive visualization systems provide users an
opportunity to explore data in novel ways, AR has not seen as much
use for presentation-oriented visualizations. In the same way jour-
nalists write articles embedded with data visualizations to portray
a narrative (§2.2), so too can situated visualizations and user en-
gagement with virtual and physical components be baked into AR
presentations to provide a more engaging experience. By integrating
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these visualization and storytelling components, HydrogenAR serves
as a case study for use AR as a co-located presentation medium.

3 MOTIVATION

Hydrogen fuel provides a sustainable alternative to fossil fuels we
commonly use to power vehicles today. Liquid hydrogen fuel offers
a promising future for alternative energy as the chemical reaction
within a fuel cell to generate energy results in the emission of water
rather than harmful pollutants. Several challenges have inhibited
widespread adoption, namely issues around producing, dispensing,
and storing hydrogen fuel [43]. Our particular interest is in dispenser
reliability—that in the process of compressing, storing, and dispens-
ing hydrogen fuel, equipment failures and leaks jeopardize safety
and cause considerable downtime, restricting widespread usage [20].
At the National Renewable Energy Lab (NREL), a research team
focuses on issues of dispenser reliability in efforts to improve con-
sumer fill stations. Improving reliability requires simulating aspects
of hydrogen fuel dispensing that frequently cause issues. The group
tests many dispensers in parallel under different conditions, such as
varying pressures and temperatures, to evaluate the wear on equip-
ment and likely failures. As with many other groups within NREL,
the Hydrogen Fuel team fields many tour groups over the course of
a week, ranging from public officials to potential industry partners.
They have a real hydrogen dispenser prominently positioned in
the building to showcase the hydrogen fueling research conducted
in the lab for passing tour groups. Unfortunately, this infrastructure
currently serves as a brief talking point rather than an interactive
installation to help increase understanding. We conducted an initial
interview with four members of a Hydrogen Fuel team for one hour
to better understand the team’s goals and what their current issues
are when presenting to tour groups. We then conducted follow-up
interviews after two iterations of the HydrogenAR system to identify
areas of improvement both for the presenter and tour recipients. In
this section, we synthesize key takeaways of the team’s problems
and the issues around presentations and tours. We were unable to
record the interviews or report direct quotes from the team due to
privacy issues of working with a Government research group.

3.1 Presentations & Tours

The Hydrogen Fuel team typically makes use of PowerPoint presen-
tations with relevant data and information to describe issues around
dispenser reliability. These presentations include different types of
visualizations, such as bar charts, line graphs, and box-and-whisker
plots, and labeled pictures of the lab’s infrastructure. Though primar-
ily targeting consumer hydrogen dispensers, the research equipment
consists of non-descript cabinets that house the infrastructure for sev-
eral dispensers, compressors, and storage units. This configuration
eliminates the need for a large set of fully built consumer fueling
stations, but the team lamented the difficulty of contextualizing the
hydrogen fill-ups within an actual dispenser. The team has set up a
dispenser exhibit with two real hydrogen fuel nozzles to demonstrate
what these hydrogen dispensers and nozzles look like in practice
(Fig. 1). There are no presentation components on the dispenser
such as labeled posters or billboards, and though the dispenser has a
monitor resting on top, it is not used in any way.

3.2 Initial Design Requirements

The Hydrogen Fuel team (HF) identified key considerations for
integrating AR with the existing dispenser. These design guidelines
are intended for hydrogen fueling, but could also guide broader
usage of AR as a presentation tool.

As the Research Group (RG), we drew on prior work in HCI and
human factors to generate additional design guidelines for an im-
mersive hydrogen fueling presentation system. These guidelines are
based on own understanding and previous literature in data-driven
storytelling and AR applications. Our primary goals in building the

system are to provide a more engaging tour experience that better
tells the intended story and to intervene with technology that would
make the AR tour viable immediately as an alternative to existing
tour methods.

3.2.1 Hydrogen Fuel Team

(HF1) Engage with existing infrastructure: Agnostic to any techno-
logical intervention, the team wanted to integrate direct engagement
with the dispenser into tours. Given that one or more tour groups
typically pass by in a given day, the team felt that integrating this
physical infrastructure offered an opportunity to enhance engage-
ment with their tour presentation; however, they lacked effective
means for this integration. The biggest obstacle to integrating the
dispenser was the lack of context to the broader story they were
trying to tell.

(HF2) Situated reliability data: The team collects a great deal
of data from their fill simulations. This data is difficult to fully
contextualize within hydrogen dispenser reliability in slide form.
The team sought an opportunity to better incorporate visualizations
into their tour narrative. Key visualizations include the reliability
of individual components and average fill profiles. We discussed
the ability for AR to project visualizations such that they can render
where they are relevant to help lend context to the data. As an
example, they mentioned rendering data associated with a nozzle
directly on that nozzle.

(HF3) Animate a simulated fill-up: The team described using AR
animations to visualize the fill-up process as an important aspect for
the presentation. Simulating the fill-up could help further contex-
tualize the data the team collects in the broader story of hydrogen
fueling and dispenser reliability. Since the fill takes approximately
four minutes, they envisioned an experience where the user initiates
the fill, is directed toward other data and key information, and is
reengaged as the fill completes. They posited that engaging with
the fill process and seeing it in real-time could make the experience
more impactful through direct interaction with a simulation based
on real data.

3.2.2 Research Group

(RG1) Simple interactions: Considering the short time frame
allotted for system use, interactions should be minimal, simple,
and intuitive. We use a synthesis of AR interaction design from
Billinghurst et al. to inform our our own user interface [3]. One
important factor is balancing adopting features from other interaction
metaphors with new metaphors appropriate to the target medium.
We also seek to keep the time to complete the tour low and to avoid
distracting from the tour narrative with complex interactive elements
or other potential sources of frustration.

(RG2) Feedback on current state: We use an AR head-mounted
display (ARHMD) for its ability to project data directly onto phys-
ical infrastructure. One limitation of this approach is that the tour
giver does not know what exactly the user is seeing and does not
necessarily know the system state. Systems can mitigate this issue by
providing feedback to the tour-giver. Though a considerable amount
of literature has explored co-presence as a means of collaboration
and giving a window into a user’s embodied viewpoint [26,41], our
collaborators felt that simple feedback on system state and interac-
tion success would be sufficient.

(RG3) Directed attention: The Hydrogen Fuel team mentioned
that data and animations could provide beneficial augmentations
to existing infrastructure. These features should carefully guide
the user’s attention through the tour narrative. To avoid distract-
ing users with unnecessary information, interface designs require
strategic placement of AR elements such that the tour-giver can
direct attention toward them only when needed. Systems should also
use animations sparingly to avoid unneeded distraction. Within the






