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Abstract

Immersive visualisations introduce new possibilities for experiencing design, and as such for
presenting information. To date, studies in design have focused mostly on immersive visualisations
supporting product decisions. However, little attention has been paid to information presentation,
e.g. in design reviews, for decisions in the boardroom, and/or for client presentations. This study
with industry practitioners identifies information presentation practices and challenges, develops an
immersive visualisation prototype, and explores opportunities for the use of immersive visualisations.
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1. Introduction

Recent advances in and widespread availability of immersive technologies, including technologies
such as augmented and virtual reality (AR/VR), large screen display systems, and tangible user
interfaces (TUIs) (e.g. Ishii and Ullmer, 1997), have enabled new ways of experiencing data, new
ways of exploring, understanding, interacting with, and presenting information. This paper aims at
exploring situations of presenting financial data in AR, following the virtuality continuum (Milgram
and Kishino, 1994). We define immersive visualisations as information artefacts (Eckert et al., 2013)
that make use of “engaging, embodied analysis tools to support data understanding and decision
making” (Marriott et al., 2018). Examples of technologies used for such purposes include: large screen
display systems (Cavallo et al., 2019), VR experiences to step into datasets (Millais et al., 2018), and
data physicalisation with TUIs (Taher et al., 2015).

To date, studies in design have focused mostly on immersive visualisations for supporting product
design decisions (Berg and Vance, 2016; Giunta et al., 2018; Jayaram et al., 2001; Liu and Boyle,
2009). However, little attention has been paid to its use for information presentation, e.g. during
design reviews, for decisions in the boardroom, and/or for client presentations. Presentations are
characterised as places for individuals to participate in decision making (Yoerger et al., 2015).
Information presentation practices supporting decisions have for long been researched, e.g. in
information sciences (Vessey, 1994), in management studies (Geraldi and Arlt, 2015; Meyer, 2000),
and in data visualisation (Moore, 2017; Teets et al., 2010). However, research focusing specifically
on the opportunities and challenges of using immersive visualisations in presentations is scarce. As
such, this paper focuses on the presentation of financial information in AR for decision support,
aiming to: (1) identify current information presentation practices and challenges for decision

DESIGN INNOVATION, INFORMATION AND KNOWLEDGE 1215

https://doi.org/10.1017/dsd.2020.33 Published online by Cambridge University Press


https://doi.org/10.1017/dsd.2020.33

support, (2) identify opportunities for using immersive visualisations addressing the challenges
previously identified, and (3) review experiences of using one example of an immersive
visualisation developed during this study.

The remainder of the paper is structured as follows. Section 2 provides a literature background,
bringing together state-of-the art from information presentation and visualisations (2.1) and research
on immersive visualisations in design presented according to the type of technology used, namely AR,
VR, and TUIs (2.2). In Section 3, an overview of the interview- and workshop-based study with
industry representatives is given. Section 4 outlines the results, limitations of the study and
implications for design research and practice. Section 5 presents the conclusions of the study and
avenues for further work.

2. Literature background

2.1. Information presentation and visualisations

Despite an abundance of tools and technologies for information presentation, there are no commonly
accepted guidelines that describe the optimal manner of presenting data (Meyer, 2000). Literature
reviews have shown conflicting results due to the lack of a consistent methodology for the assessment
of information presentation techniques with different types of displays (Coll and Coll, 1993; Jarvenpaa
et al., 1984). In addition, optimal information presentation is dependent on a number of variables that
include the type of display and the task-at-hand (Meyer et al., 1997).

Effective visualisations create a bridge between the quantitative nature of data and human intuition
(Donalek et al., 2014). The ability for knowledge discovery and understanding through visualisations
critically depends on how the data is presented. Cognitive fit theory explains the cognitive aspects
implied in the use of tables (symbolic representations) and the use of visualisations (spatial
representations) for presenting data (Vessey, 1994). Depending on the use case, one representation
may be more adequate than another. As data complexity increases, the decision maker has more
information to acquire and evaluate to make the decision, potentially leading to an increase in
cognitive load (Wood, 1986). Visualising data appropriately is said to lower cognitive load and
thereby facilitate decision making (Wickens and Carswell, 1995).

What might be an appropriate data visualisation? There are three types of data visualisations according
to Cairo (2019): exploratory, experiential and explanatory. (1) Exploratory visualisations enable
looking into the data in order to help the readers “explore” and find their own insights in the dataset.
This type of visualisation is central to data visualisation with immersive technologies. Its aim is to
improve understanding of complex datasets and multidimensional data (Donalek et al., 2014; Millais
et al., 2018). (2) Experiential visualisations create an emotion in the reader and thus lead to action. (3)
Explanatory visualisations are about articulating insights found in the data to an audience. This type is
most common in presentation settings: the data is prepared and analysed for the decision maker and
usually displayed with static visual content. Here, we inquire further into the use of explanatory
visualisations with AR.

The use of immersive visualisations opens the field for multisensory display of information that makes
use of the sense of touch and proprioception - the perception of awareness of the position and
movement of the body - to experience data in an intuitive and engaging manner, i.e. with tangible
interaction and force feedback (Nakagaki et al., 2019). It has further been stated that immersion in
information presentation enhances engagement in data-informed decision making and supports social
engagement in collaborative settings (Chandler et al., 2015; Marriott et al., 2018).

2.2. Augmented reality, virtual reality, and tangible user interfaces in design

The adoption of immersive technologies in design has been found to facilitate shared understanding
in the design project (Hoang et al., 2019). On the one hand, VR has raised the interest of engineering
design for two core reasons: (1) the possibility to deploy 3D models in a 3D space to foster design
decisions (Berg and Vance, 2016; Jayaram et al., 2001) and (2) usability testing of products before
proceeding to physical prototyping (Liu and Boyle, 2009). On the other hand, concerning AR
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research for design, a study revealed that immersive visualisations are mostly researched for the
“preliminary layout”, “definitive layout”, and “concept” phases in design (Giunta et al., 2018). For
example, the use of immersive visualisations for design representations with spatial augmented
reality (O’Hare et al., 2018).

Design activities are embodied, situated and multi-modal (Comi et al., 2019). Through multisensory
input and output devices, immersive visualisations enable to ‘step into the data’ and to interact with
data using your whole body. This is facilitated by devices such as TUIs that enable interacting with
gestures and different parts of the body. Previous studies show that TUIs promote communication
among participants during collaborative design processes (Shamonsky and Mitchell, 2003) and
suggest their potential use in situations of distributed decision making (Ratti et al., 2004).

Kim and Mahler (2008) evaluated immersion in design by comparing the same task conducted with
a TUI in the form of a tabletop system with interactive 3D blocks and a graphical user interface
(GUI). Their results suggest that immersion with TUIs aids to structure a designer’s spatial
cognition and that higher degrees of immersion provide higher degrees of spatial understanding
(Bowman and McMahan, 2007) - a result that has been corroborated in a study on spatial perception
of products with varying complexity levels using VR as the immersive technology (Horvat et al.,
2019).

3. Study methods

The aim of the explorative study reported in this paper was to get an initial understanding on
information presentation practices, challenges, and opportunities for using immersive, explanatory
visualisations in presentation settings. This study is the starting point of a longer-term collaboration
with a company specialised in the design and development of virtual- and augmented reality
solutions. In this paper, we present the first steps of researching and developing an immersive
visualisation of financial data using HoloLens (Microsoft, 2016), with the overall aim to support
decision making in presentation settings.

HoloLens is an AR device that presented two major advantages for our study: (1) the inclusion of the
real-world environment and other participants in the experience given that presentations are collective
activities in a situated context. (2) A study on immersive technologies showed HoloLens in the lead
for highly interactive tasks compared to the use of tablet AR (Bach et al., 2018).

The study consisted of three phases outlined in Figure 1. The first phase included seven interviews
with industry practitioners working with data and information presentation. The objective was to get
an initial understanding of the current practices and challenges in the presentation of information as
well as the opportunities for using immersive visualisations in presentation settings. The second phase
included the design, development, and testing of the first and second iterations of a prototype based on
data obtained from the industry collaborator. The third phase consisted of conducting a workshop
where a group of industry practitioners tested the immersive visualisation developed.

Table 1 lists the 11 participants of the study. Industry participants include both data analysts and
managers/executives. Interviews and workshop were conducted at the respective companies.

Table 1. Research methods and study participants during interview and workshop

Study participants’ role
Research method - Company information
Data analyst Manager / Executive

Interview 2 1 Business and management consultancy

1 1 Large accounting and auditing consultancy

- 1 Digitalisation consultancy

- 1 Large telecommunications company
Workshop 2 2 Large accounting and auditing consultancy

DESIGN INNOVATION, INFORMATION AND KNOWLEDGE 1217

https://doi.org/10.1017/dsd.2020.33 Published online by Cambridge University Press


https://doi.org/10.1017/dsd.2020.33

1. |NTERV|EWS Seven interviews with industry participants to explore
current practices and challenges in information presen-

O tation and to explore opportunities for the use of immer-
Q (; F\ sive visualisations.

Research questions
1. What are current information presentation practices
3 — used for decision support?
\<: \ A 2. What are the challenges in current information
_ presentation practices for decision support?
. 3. What are the opportunities for using immersive

visualisations in presentations?

2. PROTOTYPE DESIGN- AND DEVELOPMENT PROCESS &

1. Concept design of an immersive visualisation based on
financial valuation data.

2. Design and development together with collaborating
AR development company.

3. Internal-testing of the immersive visualisations
prototype with AR development company.

lmmersive Visualisation:
Stacked Areq Cr‘,ﬂ:r':"' The final design is a stacked area chart as immersive

/ visualisation in AR displaying financial valuation data.

3. WORKSHOP " Workshop participants for first evaluation of the immer-

lmmersive sive visualisation prototype developed.
Q Visualisation
= Workshop structure:
1. Initial 10-minute training on how to use Microsoft
HoloLens.
2. Individual exploration using Microsoft HoloLens of the
developed immersive visualisation. Simultaneously, the
researcher asked the study workshop participant
wearing the headset about the experience of using an
immersive visualisation for the presentation of - in this
study - financial valuation data.
3. Collective review of the immersive visualisation.

Figure 1. Study phases

3.1. Interviews

The goal of the interviews was to assess the current situation of presentation practices and
challenges in industry. Furthermore, we inquired about the opportunities for using immersive
visualisations in presentation settings. The interviews lasted between one hour and an hour and a
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half and were recorded with permission of the participants. The interview protocol consisted of
open-ended questions aiming to answer the following research guestions (RQs):

1. What are current information presentation practices used for decision support?
2. What are the challenges in current information presentation practices for decision support?
3. What are the opportunities for using immersive visualisations in presentations?

Interviews were transcribed verbatim and the data was coded using Atlas.ti 8. The first step consisted
of the identification of parts of the conversation directly related to the following topics: (1)
information presentation practices, (2) challenges, and (3) opportunities for using immersive
visualisations in Microsoft HoloLens. Answers were then grouped into categories and duplicates were
eliminated through affinity diagramming. The results are categorised in Figure 3 (section 4.1).

3.2. Prototype design and development

Reporting on the whole desigh and development process is outside the scope of this paper. For the
purpose of this paper, the visualisation was developed with our industry collaborator and displayed a
statistical graph representing valuation data, which is financial data calculated to determine the present
value of a company (Figure 2).

Figure 2. Immersive visualisation as 3D stacked area charts used in the workshop

The visualisation was designed to optimise perception in AR. For example, through the use of
numerical cues appearing above data points upon directing the gaze towards them and a clear labelling
of the interface. The interactive possibilities allowed for a gradual change in one of the variables of the
visualisation through an interactive menu. The visualisation was intended to be displayed in front of
each participant and positioned at the centre of the table with the same angle with respect to each
participant. The centre of the table was chosen to reproduce a typical location around which meeting
participants present information.

3.3. Workshop

The aim was to assess the experience of using an immersive visualisation for the presentation of data.
We chose a workshop setting to have participants practically experience the immersive visualisation.
The workshop lasted two hours and consisted of four participants, some of whom had already
participated in the prior interview study.

The workshop protocol consisted of an initial 10-minute training on how to use Microsoft HoloLens,
including training in basic gestures and interaction modalities presented by the system. Following the
training, each participant wore the headset in turns to explore the capabilities of the immersive
visualisation displayed for its use in presentations. Alongside the process of exploration, the
interviewer asked each participant about the experience of using the immersive visualisation for
decision support. When all participants had worn the headset, we held a collective review on the uses
of immersive visualisations for presentations.
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The workshop was audio recorded with the permission of the participants. An overall feedback
presentation of the study results was given to the main company collaborator for further input into the
development of the prototype. The next section reports and discusses the results obtained.

4, Study results

The approach used in this explorative study provided an initial answer to our questions on presentation
practices and challenges for decision support. Furthermore, we inquired into opportunities for using an
immersive visualisation in AR for the presentation of information.

4.1. Information presentation practices, challenges, and opportunities

Analysing the data, for each of the three categories (current practices, challenges, opportunities),
multiple themes are identified and illustrated in Figure 3. Each category corresponds to one of the
research questions presented in section 3.1.

o Information presentation practices for decision support. We observe that information
presentation practices minimise cognitive load by reducing the amount of information
presented. Information is usually presented with text and static visualisations. Complex
information is presented in blocks to avoid cognitive load. One interviewee told us about a 5-
second rule prescribing that tables and visualisations should be designed to be understood in 5
seconds or less. Another interviewee added: “Reduce the number of graphs so there is one
simple message.” The priority is clarity in the message by conveying one simple relevant
message. As one interviewee said: “If you want to present something for decision making, it
should be clear, it should be obvious.” Favouring shared understanding in presentations is
key. In order to achieve so, a common practice is to use knowledge, terminology, and
visualisations familiar to decision makers.

e Challenges in information presentation practices for decision support. Complex information
presents a challenge in presentations. One interviewee commented: “You need to put in a real
effort to make it simple enough to explain and make people understand.” Another challenge
emphasises showing numbers in tables or visualisations without displaying the context of the
data. As one interviewee reported: “The biggest issue I have seen on board level, basically
anywhere, is to add context to the data.” The interviewee followed-up explaining that this
could lead to misunderstandings in assessing a decision that could then lead to a wrong
decision, because of the lack of understanding of the context.

o Opportunities for using immersive visualisations in presentations. Participants commented
that immersive visualisations offer the possibility simultaneously to perceive the data (virtual
stimulus) and the participants involved in the presentation (real-world stimulus) in an AR
environment. Furthermore, the 3D space allows to map spatial data in the real-world, i.e. to
visualise the impact of an on-shore wind turbine park in the environment. Some interviewees
mentioned that the 3D space could also be used to add an extra dimension to statistical data.
This case, however, would require further study in presentation settings as it might increase
the complexity of the given representation. Further, immersive visualisations could enable a
gradual display of information, i.e. with the use of animations. This last case is envisioned by
one interviewee: “Instead of having a complicated slide that nobody really understands [...];
if you could pull one number at a time, in real-time, and then put together the blocks so that
decision makers understand what |1 am describing while I am doing it; | think the way of
presenting and understanding my methodology [...] would be much better.” In addition, real-
time input of information could be incorporated into the presentation to include the decision
makers” feedback in the visualisations presented. As one interviewee commented: “Real-time
working with numbers would be highly relevant.”

Interview results also point to considerations concerning additional time that needs to be allocated for
an initial training with the technology, the extra cost of using the hardware and software, and the extra
time that its use may imply during the presentation.
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INFORMATION PRESENTATION PRACTICES
FOR DECISION SUPPORT

Presentation of one simple clear message 0 lll
Reduction of tnformation 4/
Use of self-explanafory visualisations

Use of familiar knowledge, ferminology

and visualisations J
Display of static content CHALLENGES
- Display of complex tnformation ’
Data decoupled from its confext J ﬂ

OPPORTUNITIES FOR USING IMMERSIVE VISUALISATIONS

S - Stmultaneous perception of data and

- O - participants tnvolved tn the presentation
= Mapping data in the 3D space

Gradual presentation of information

Real-time input and mantpulation of variables

Figure 3. Themes elicited from interview transcripts

4.2. Immersive visualisations: prototype use

The objective of the workshop was to assess the experience of using an immersive visualisation in
presentations. For this, a HoloLens prototype for presenting financial data was designed and developed.
The following paragraphs describe the themes that emerged during the exploration of the prototype:

Presence and engagement. As one of the interviewees noted, immersive visualisations involved
“being present and engaging [with data].” Another participant commented on the benefit of
presenting data and being able to perceive both the participants and the data in the same space
around the table, “instead of turning around looking at a screen or pointing on a computer.”
Accessibility of information for non-data experts. Participants in presentations may not be data
experts, therefore immersive visualisations could facilitate the understanding of the information
presented. One participant explained: “It should be much easier to understand for our typical
client, who is not used to talking about [financial data].”

Enhanced interaction coupled to the presentation narrative. All participants agreed that
immersive visualisations provided enhanced interaction capabilities in comparison to the slide
presentations they used. One participant suggested that the interactive possibilities of immersive
visualisations could enable “to build visualisations as you speak.” Another participant
commented on the use of immersive visualisations during the presentation as building blocks
“like Lego”, to make communication easier and more understandable.

Directed focus of attention coupled to the presentation narrative. One participant commented on
the usefulness of introducing numbers at the right moment along the presentation narrative, in
order to direct the focus of attention of the decision maker. The following comment illustrates
the situation: “You have 30 numbers and despite that we start talking about one of them, the
eyes [of the decision makers] are fluctuating around the 29 others.”

Real-time input of data. To visualise the change of specific variables during the presentation. For
example, one participant explained: “In reality we have planned 95% [of the meeting]. But we
would like to have the client input and we have a margin of 5% that we would like to switch
around in the meeting. [...] We would like to make it more dynamic to get the clients” input into
the conclusions.”
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o Invasiveness of immersive visualisations. Participants reported that using a headset would very
likely alienate the relationships between individuals during presentations. The novelty of the
display and visualisation might distract decision makers from the content of the presentation.

Overall, these results suggest that immersive visualisations engage and bring interactive possibilities
for the presentation of information that can be coupled with the narrative of the presentation.
However, immersive visualisations should be used mindfully to avoid presenting eye-appealing
information that distract the decision maker from the content presented.

4.3. Limitations of the study

Using a qualitative interview- and workshop study was deemed appropriate for this initial
investigation. However, research at this stage cannot claim causal links between the use of
immersive visualisations in AR and the quality of decision support. Further, results of the study
have to be read within the context of immersive visualisation of financial data developed using
Microsoft HoloLens.

4.4, Implications for design research and practice

The results from the interviews and the workshop present a common vision towards: (1) simultaneous
perception of data and participants in the presentation space and (2) interactivity and engagement
provided by immersive visualisations. Contrary to our expectations, participants did not search for
novel presentation methods to support decisions but rather sought for a familiar display of
information. This finding is consistent with theory stating that confidence in decisions is related to the
familiarity of the visual representation of the problem (Geraldi and Arlt, 2015).

Interactivity coupled with the narrative of the presenter, displayed gradually as blocks of information
to facilitate understanding, opens the field for an in-depth exploration of “fluidity” in immersive
visualisations. The notion of fluidity refers to the transformation of visual objects from “frozen”
(static) to “fluid” (dynamic) across the unfolding practice of design (Whyte et al., 2007). Fluidity
through immersive visualisations may generate new ways of exchanging knowledge and negotiating
meaning in design sessions. Designing can be considered a “reflective conversation with the materials
of the situation” (Schon, 2003) and reinforced interactivity could enhance the reflection-in-action
process of designers. Other applications could envisage co-creative sessions in design: the designer
makes a “move” that causes changes in the immersive visualisation displayed. Immersive
visualisations would become “fluid” and transform from static to dynamic, dynamic to static, in a
rhythm paced by the evolution of the designers’ constructs.

5. Summdary and conclusions

This paper describes an exploratory study on the presentation of financial information in augmented
reality (AR) for decision support. Through seven interviews, we have identified: (1) current
information presentation practices, highlighting that a simple message is key for presentations aiming
to support decisions; (2) Challenges in information presentation practices consisting of the
presentation of complex information and the contextualisation of data; (3) Opportunities for the use of
immersive visualisations consisting of simultaneous perception of participants and data in AR
environments which includes mapping data in the 3D space, gradually presenting information, and
dynamically inputting data during the presentation. The workshop results have shown that immersive
visualisations engage participants with the data presented and enable interactive presentation of
information that, coupled with the narrative of the presenter, may enhance communication and
decision support.

Reflecting on the results both from the interviews and the workshop, the main takeaway are the
opportunities for interacting with information overlaid onto the real world during information
presentation. This includes directing the focus of attention of participants through interactive elements
presented alongside the unfolding of the presentation narrative. Although interactivity is not exclusive to
immersive visualisations and can also be achieved through data visualisation tools displayed on a screen
or projected onto a surface, what emerged in this exploratory study are the interactive possibilities that
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simultaneous perception of digital information and fellow participants in the same physical space bring
to information presentation. In addition, participants in the workshop reported that with an immersive
visualisation in AR, they felt more engaged during the presentation compared to their usual presentation
settings. The phenomenon of coupling digital information to the environment is particular to immersive
visualisations in AR and warrants further research attention in design.
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