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Abstract

Presentations are the most successful and popular form of communication in business.
However, the formats of presentations in business have not changed much for past few
decades. The emergent and disruptive technologies such as Augmented Reality and Ani-
mated Infographics have provided potential for enhancing communications in businesses
to increase engagement and therefore increasing the effectiveness of such communications.
This paper focuses on the impact and effectiveness of using interactive AR in business
presentations. The paper presents the design and development of our AR presentation appli-
cation. Followed by a presentation of an empirical study into the usability and effectiveness
of using Augmented Reality and Animated Infographics in business presentation and com-
pares the results against the traditional slideware slides presentation approach. The results
of the experiment with 94 participants are presented and analysed. The results demonstrate
that the AR approach out performs the traditional methods in terms of usability, audience
engagement and effectiveness of communication.

Keywords Mixed/augmented reality - Business presentation -
Empirical studies in visualization - Usability testing - Human computer interaction (HCI)
1 Introduction

Presentations are considered to be the most popular form of communication in businesses
[1, 72, 76]. Industry executives use presentation as a standard practice to make stronger
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impact to their colleagues or clients than written communication and convey their messages
effectively [1, 64]. However, in most occasions this is not the case for traditional corporate
business slideware presentations. The mis-communication and information loss after tradi-
tional slideware (PowerPoint) presentations due to lack of audience engagement or lack of
an efficient method to present the information is an ongoing problem in corporate environ-
ments. Empirical evidence has shown that the majority of presentations fail to connect with
their audience [38].

Presentations are useful at condensing information into the more relevant points, how-
ever it is important that the presenter does not compete with their slides for the audience’s
attention but instead exploit their benefits and expand on them [76]. Clear communication
of information is important for effective and optimised functioning of businesses. A clear
business proposal has a better chance at succeeding as they are quickly understood and are
looked on in a more favourable light [57]. In preparation for a presentation, it is necessary
to keep the audiences’ focus by determining their background knowledge, the amount of
time they have available, the time of day in which they are available and the setting of the
presentation. Relating to the audience in this way can reveal the best practices in communi-
cating with them [76]. Despite all the above, quite often, maintaining audience attention and
engagement is a challenging task. According to [72] when oral presentation is accompanied
by multimedia and good design, the message is conveyed in a stronger and more effective
way.

Hence, there is a demand for more informative, influential, impressive and impactful
presentation of information relevant to every part of business, including all departments
and levels of hierarchy within these companies [57]. Since Augmented Reality (AR) has
become another tool for visual presentation of information, it is now required to create new
paradigms which support heads-up information presentation and interaction, seamlessly
integrated with viewing and interacting with the real world [19, 80]. Whilst there have been
attempts for creating different presentation tools [20, 30, 31], there has been no attempt to
use augmented reality as an interactive visualisation tool for presentations.

Towards addressing this challenge, this paper presents the findings of a usability and
engagement study, which investigates the hypothesis; an AR interactive visualisation
application would better support and engage users, compared to a traditional slideware pre-
sentation specially when incorporating animated infographics to enrich visualisation. An
AR interactive information visualisation application was developed for Android Smart-
phones and tablets. The AR application included information about a corporate business,
based in London U.K, where the information was visualised and suitably animated. In the
study post-test scores were used to measure the application’s usage effectiveness. In addi-
tion, a user engagement questionnaire was employed to compare audience engagement
level when using the AR application against a control group with a standardised traditional
slideware (PowerPoint) with the same information. Findings demonstrate that application
of engaging animations and effective display of information in AR has a clear positive
effect on increasing audience engagement when compared to traditional corporate slideware
presentations.

In the following section, previous work related to this study is presented. Section 3 dis-
cusses the design and implementation of an AR application for business presentations. This
is followed by the presentation of the methodology including the experiment design frame-
work. Finally, the findings, limitations and future work are discussed. The discussion and
conclusions reflect on the relevance of findings in terms of replacing traditional slideware
presentations with a more interactive emergent approach.
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2 Background and related work

Many issues regarding current practice in corporate presentations is due to the dated meth-
ods. PowerPoint has slightly changed since it was published in 1984 and it does not fit
within the new businesses surrounding by evolving technologies. Such technology was
based on older methods which involved overhead projectors and slides with similar lay-
out to PowerPoint slides called transparencies [84, 88]. Even though, today PowerPoint is
the most common slideware application [40], there is an urgent need for corporate organ-
isations to abandon outdated methods and replace them with engaging, well-designed and
powerful presentation methods that are memorable, visual and simple without diluting the
information [72].

The traditional slideware conventional presentation focuses on catering to the presen-
ter rather than the audience. As a result there is poor communication of the content to the
audience. The popular use of bullet points to summarise information has led to loss of
information. This is a necessary bad-practice due to the lack of space for effective com-
munication on a slideware slide that leads to the breaking up of information into arbitrary
fragments, losing the contents’ context and focus [8, 84, 88]. Shaw, Brown and Bromiley
[77] demonstrate that the method of summarisation using bullet points results in vague,
generic and uncertain information. Due to many of these issues, NASA reviewed their prac-
tices of using traditional slideware to communicate and present data and the Columbia
Investigation board found that information was lost as it was filtered up the hierarchy, being
summarised repeatedly through bullet points, poor information arrangement and design [29,
94]. On the contrary, visual-based presentations with few bullet-point text instead of word-
heavy slides can allow for clearer, more engaging and effective presentations, which are
vital to support well-made decisions in companies [58]. Empirical evidence on visuals used
in presentations compared to text based slides shows that visuals are more effective and
ensure audience agreement, attention and retention of memory [36].

2.1 Visualisation in presentations

Perception and cognition are key to successful visualisation design, as enough information
should be provided to fully inform and satisfy the user [8, 37]. Studies suggest that info-
graphics are related to cognitive processes with benefits in working memory, information
recall and retention and learning [11]. There is also evidence of graphical and visual based
content stimulate working memory and aid learning [27, 56]. Visualisations of data exploit
the perceptual and cognitive abilities of the audience to problem solve by presenting them
with interactive visual portrayals of content [21, 90].

Research has shown that engaging visual material improves audience attention [11, 21,
56]. Visual representations such as diagrams, chart and infographics hold many advantages
over standard data presentation by spreadsheet or report including; visuals aid for those
who are not familiar with numbers as they make them more understandable. Additionally,
data patterns and relationships are revealed that may not be seen if not represented visually.
Graphs, as opposed to numbers, are able to engage with the audience and hold their attention
with clear and visual portrayal [21, 48].

Display data in a cognitively efficient and visually appealing manner, such as using
graphs and infographics, improves information communication and retention [49]. Screen
size and capacity as well as the limits of human perception, limit the amount of informa-
tion possible to display [75, 83]. Evidence has shown that humans process information in
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sequence, focusing on detail with a wider view of context for perspective [3, 71, 89]. Cogni-
tive processes, when involved with graphic-based information communication methods and
infographics, tend to be pre-attentive. As the visuals are initially perceived and viewed as a
whole with details investigated following this, key aspects are grouped and regarded differ-
ently to each other [3, 95]. Interactive animation is also a powerful method of informing as
the data is processed cognitively as well as perceptually [34, 75, 91].

Visual-based design including images and exploiting vision as our most powerful sense
is highly effective in attracting people’s attention and improving the understanding and
memory retention. Most presentations using slideware include a majority of text. Bullet-
point-based presentations fail to exploit the audience’s ability to engage with visuals while
simultaneously listening to the presenter’s explanations and commentary, yet visuals are
able to amplify the presenters dialogue. Visual cues are essential to direct the viewer to the
key information. These in combination with structure allow for powerful storytelling which
can effectively convey the message [72]. It is beneficial in presentations to use interesting
visual devices, by adding something extra and unexpected, provided it is relevant to the key
concept. This would enable the experience to become memorable, engaging and impactful
[35, 76].

Visual material can be valuable as a reassuring prop for those less keen to take centre
stage in presentations. Eyes can be more receptive to a message than ears. Visuals allow for a
pause in commentary, which play an important part in presentations as it allows for audience
to digest and absorb the information [64]. Visual and graphics in presentations must be
informative, error free and accurate. The visceral reaction to presentation is significant in
how the audience perceives the information. One of the most powerful visual stimuli is
colour, which has the power to attract attention and affect the audience on an emotional
level. Impactful imagery combined with effective storytelling can result in a compelling and
successful presentation. Motion picture delivers this theory to an even greater extent, yet is
currently underutilised in today’s presentations. These are effective to give context to issues
and illustrate solutions in a simple yet compelling manner.

2.2 Animated infographics

Animated infographics are a step further in the field of data visualisation, as they must
include additional information and detail to fulfil the objective compared to static infograph-
ics. [56]. Animated infographics, also known as data videos, use the strength of storytelling
to engage with the audience and communicate to them effectively. Animated Infographics
combine data visualisations with visual and auditory stimuli to portray a data story [2].

In a study on animation used to present trends, it was found that the combination of
animation, interesting data and an engaging presenter is effective in aiding the audience’s
comprehension of the data. It was also identified that this is the fastest, most efficient
method of presentation and an enjoyable and memorable experience for the audience [2].
Movement and animation was deemed effective in emphasising key data and results, espe-
cially with live presentations as the presenter directs the audience’s attention to an aspect
before the animation starts, enforcing the concept further with commentary during the illus-
tration. Animation is effective in showing changes in state and perspective as well portraying
trends and how something works [73]. A benefit of animation is the ability to seamlessly
build upon a visual gradually in a manner that the audience can easily follow. This can be
a powerful tool in increasing audience comprehension and engagement. When an audience
member loses track of the information, they will not be engaged for the remainder of the
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presentation while trying to catch up. Animated transitions, while having the risk of becom-
ing distracting, if used appropriately and tactfully can be an entertaining and captivating
aspect of a presentation [39].

Presentations aim to illustrate a concept and enable the audience to recall it. Visualisa-
tion’s effect on memory is powerful and effective in this endeavour. Storytelling used with
visualisation is a powerful tool, encouraging discussion and decision making as well as
supporting process analysis [39]. The benefits of storytelling with infographics has been
investigated and proven in studies in various fields including education [47, 68], corpo-
rate communication [74], scientific research [39], religious education [70] and sustainable
development [32]. Several key concepts established throughout these researches include; the
additional detail required in animated infographics, the sequential benefits of animated info-
graphics, the engagement benefits of animated infographics and the power of storytelling in
communication and engagement.

Kosara and Mackinlay [39] proposed the concept of storytelling affordances which
describes the features used in visualisation which allow for narrative structure and guidance.
The structuring of information whether linear or not can provide the audience with con-
text and link key points together in a cohesive structure. Benefits of these methods include
improved retention of information, interest, and engagement and therefore more informed
choices and decisions. Features such as narrative or impressionable visuals that set presen-
tations apart are key to making them memorable [39]. Narrative also impacts cognition and
comprehension, two key factors to engagement in a successful presentation [68, 94].

2.3 Interactive infographics

Whilst interactive infographics seem complex, they provide a better experience to users. In
contrast to static infographics which have little engagement, interactivity allows for a more
interesting, user-focused, engaging and cognitively pleasant experience [49]. Interactive
infographics require active involvement from the participants which ensures the partici-
pants’ attention and engagement [56]. This form of infographics facilitates learning through
visual means as well as participatory learning [22].

Interactive infographics allow the audience to view the data they wish at their own pace
and in their own order. This helps them engage with the information as they focus on their
interests and adapt the content to their needs, organising the dataset and aiding clarity [56].
Fixed information in static infographics limits the options available for the audience to
interact with. Whilst the capacity for more information and capability for multiple views
of this information can allow the user to connect with the content, filtering out aspects
irrelevant to them will help them to focus more. Although using interactive infographics
means independent navigation, there is still an option of using guidance if it benefits the
narrative.

Both static and interactive infographics are increasingly popular online. Interactive info-
graphics can also be used offline with many applications such as part of a software interface
or on a kiosk dashboard [22]. Due to the increasing popularity of online media, the use
of interactive infographics is starting to play an increasingly important role in news out-
lets [56]. Studies have shown that interactivity in infographics differ to static versions in
user’s perception as they are perceived to have a higher information quality [49]. Interac-
tive infographics are structured more effectively and have a larger information capacity. The
vertical format that static infographics are commonly designed in to accommodate smart-
phone screens and desktops, in which viewing is navigated by scrolling up and down the
image, limits the perception of the content. As only one section can be viewed at a time,
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there is a loss of context. When viewed as a whole the text and graphics are often too small
to be perceived, this issue as well as an overload of information leads to incomprehensible
and over-complicated infographics. Whereas interactive infographics allow for layering of
information and various views of the content, ensuring clarity while catering to context and
detail [22].

2.4 Augmented reality to increase engagement

The benefits of immersion and an enhanced sense of reality in augmented reality (AR)
technology has been implemented in many fields including construction, broadcasting, edu-
cation, medical service, manufacturing, scientific research and architecture. Studies have
shown that with the implementation of 3D models and augmented reality in construction
drawings, recognition time is significantly improved, allowing for efficient evaluation [61].

Emerging technologies for creating immersive and engaging experiences have become
popular in designing museum experiences. To avoid boredom and ensure enhanced visi-
tor engagement, augmented reality tours as well as virtual reality experiences have been
implemented in museums [63]. The immersive benefits of Augmented Reality have been
used to preserve and promote cultural heritage in apps which overlay information and visu-
alisations about monuments on the buildings when viewed through a smartphone. Similar
systems exist in which geographical information is used for navigation purposes, highlight-
ing nearby attractions and locations [17]. Augmented reality visualisations have also been
used in research and education where phenomena which are not visible to the human eye
can be evaluated and explored [96]. In marketing, AR has been used by sales teams to pitch
to their clients. By holding target markers on plates, they can explain and promote their
products without needing a sample, as AR superimposes a 3D model onto the plate [28, 97].

Low levels of interactivity in current learning methods result in a lack of engagement
and AR was proposed as a solution. AR has the ability to improve student engagement and
motivation as it appeals to its users individually. High levels of motivation and deep cogni-
tive activity result in effective engagement with content, vital to learning and processing of
information [28, 97].

Engagement is key to meaningful learning, it has been related to attention, interest, striv-
ing to achieve goals and time efficiency [10, 15, 18, 23, 26, 42, 51, 52, 60, 66, 78]. Whilst
emergent technologies have the ability to draw attention, this must be used with the best
practices of human cognition, behaviours and learning methods [14]. AR table top learning
environments have been used to enhance lecture experiences and benefit the environment
with improved attention and engagement of students. The combination of these various
media which build upon traditional methods of information exchange give opportunity
for a compelling learning environment in which information is portrayed with interaction
and content can become more challenging to the audience. This method aims to improve
the memory retention of students as well as their participation and consequently improve
understanding of content with the aid of audio-visual augmentation.

AR’s effective use of audiences’ visual perception, auditory abilities as well as interactive
preferences sets it ahead of traditional learning methods. Its digital format allows students to
follow at their own pace and repeat sections if necessary. Lectures and demonstrations have
been found to be one of the most effective forms of information exchange in the academia
[45], the equivalent to this in the corporate world is identical in format — presentations.

Augmented Reality allows for easy navigation and understanding of large datasets dis-
played using 3D visualisations [82]. Augmented Reality visualisations aim to inform an
audience about complex content in an efficient, engaging and interactive manner [6].
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By exploiting perceptual and interactive capabilities, augmented reality can offer a more
organic approach to working with data [5]. Visual representations allow for portrayal of
different levels of detail and aspects of strategy in strategy visualisation [67].

3 Animated infographics in AR for business presentations

In order to take advantage of visual representation and augmented reality, an application was
developed for the purpose of delivering a business presentation. The aim of the application
was to deliver an engaging presentation which would captivate the audience and commu-
nicate effectively the information. The application was developed using Unity [86] and
Vuforia AR [87]. Figure 1 illustrates screenshots of the app on a smartphone. This section
presents the architecture, interaction design and implementation details of the app and the
associated services.

The system consists of two high-level components: Backend Delivery Service and the
AR application which consists of the Presenter app view and the Audience app view.
Figure 2 presents the system architecture and interactions between various components of
the implementation. The system uses a RESTful backend service to store and deliver pre-
sentations in the form of Unity Asset Bundles. The bundles includes all the assets graphical
and textual, along with the animations and the scene where the presentation is developed
in. This scene is packaged into an asset bundle and stored on the server hosting the ser-
vice using POST and PUT requests. The AR app can access the service and request specific
bundles using a GET request. This service was developed using C# and Web API .Net. The
architecture of this service is presented in Fig. 3.

3.1 AR presentation: system architecture

The presenter would create the presentation in Unity and once finalised, would package it
as a unity asset bundle and upload it to the server as shown in Algorithm 1. If an existing
presentation is being updated, then the Bundle_ID is used to replace (update) the previous
asset bundle using a PUT request. If this is a new presentations, the asset bundle files are sent
using a POST request to the Bundle CREATE sub-service which creates a new Bundle_ID
and stores the asset bundle with its associated Bundle_ID on the server. Once the presenter is
ready, they can start a presentation and if they do not have the assets on their device, they will
be downloaded using the Bundle_ID. This process is presented in Algorithm 2. The audience
members would join the presentation sessions and if the assets are not already on their

Fig. 1 Views from our Augmented Reality app on a smartphone; presenting company locations (top) and
businesses across the UK (bottom) using animated infographics and AR
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device then the Bundle_ID of the session is sent to service and asset delivery commences.
Algorithm 3 illustrates the process of joining a session as an audience member.

Algorithm 1 Presenter creates new presentation.

procedure BUILD_PRESENTATION(scene, assets[], bundle_id)
> INPUT: scene, associated assets, bundle id

asset Bundle < scene > add scene to asset bundle

fori =0 — |assets| do > add assets to bundle
asset Bundle < assets|[i]

end for

if bundle_id exist then > check if bundle already existed

BuildPipeline.BuildAssetBundles(asset Bundle, bundle_id)
res ponse <—HTTPRequest(PUT, server_end_point, asset Bundle) > update existing

else

bundle_id < BuildPipeline.BuildAssetBundles(asset Bundle)
response <— HTTPRequest(POST, server_end_point, asset Bundle) > build new

end if

if response # Error then > successful build and upload
return bundle_id

else > unsuccessful build or upload
return ERROR

end if

end procedure

Algorithm 2 Presenter starts new presentation session.

procedure START _PRESENTATION(bundle_id)
> INPUT: bundle id for the presentation

if scene # null then > scene already on device
session_id < CreateSession(scene) > create new session
else > scene needs downloading

response <— HTTPRequest(GET, server_end_point, bundle_id)
> download asset bundle from server
asset Bundle < convert response to Asset Bundle > convert payload to asset bundle

session_id < CreateSession(asset Bundle.scene) > create new session
end if
return session_id > pass on session_id to network

end procedure

The app uses Unity multiplayer [85] to share the presentation state between the presen-
ter and the audience members. The system follows a synchronised simultaneous simulation
approach where each user, presenter and audience members, has all the assets and is run-
ning independently with a limited number of variables which are used to sync the sessions
and commands which are communicated between presenter and audience members as RPC
Commands. In this AR system the presenter would act as the server, whilst all audience
members are clients in the session. The presenter would use the presenter view of the app
and start a new presentation. If the assets already exist, the scene would initiate, if not the
assets would be downloaded from the delivery service. Once a presentation has started, the
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Presenter

Presenter App

Presentation Slides Add/Edit Notes:
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Presentation Asset Bundle
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Graphical Animations Next/Previous:
Assets Join

Fig.2 System architecture of the AR app, presenting how different users would interact with the app and the
communication between the apps from presenter view and audience view

Audience

audience can join using the marker and session ID provided by the presenter. The state of
the presentation would be updated based on the actions on the presenter view (server). How-
ever, the audience can choose stay on a slide or check previous slides. This would pause the
sync between the presenter and that specific audience. Once the audience member wants
to re-sync with the session, they can do that by pressing the play button which would sync
the state of their app with the current state of the presenter (server). Audience members can
end the session by leaving. Once the presenter leaves and closes the presentation session,
all audiences of the session will be notified and the presentation would stop.

Algorithm 3 Audience joins presentation session

procedure JOIN_PRESENTATION(session_id)
> INPUT: session id for the presentation

if scene # null then > scene already on device
JoinSession(scene, session_id) > joins new session and starts sync process
else > scene needs downloading

bundle_id <— HTTPRequest(GET, session_server_end_point, session_id)
> get bundle id for this session
response <— HTTPRequest(GET, server_end_point, bundle_id)
> download asset bundle from server
asset Bundle < convert response to Asset Bundle > convert payload to asset bundle
JoinSession(scene, session_id) > joins new session and starts sync process
end if

end procedure

3.2 AR App implementation

The application was developed for Android smartphones and tablets, as well as PCs. The
use of familiar platforms such as smartphones and PCs encourages users to try new tools,
a familiar issue with professionals that have limited time and therefore less inclination to
invest time in learning to use new technologies [24, 43]. The application worked with the
use of target markers which the camera detect and the infographics appeared on the display.
Figure 4 illustrates the view on the presenter view on a PC (left) and view on a smartphone
(right).
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Presenter

Bundle CREATE

files + Bundle_ID

Bundle
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Authentication

Asset Bundles
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RETRIEVE
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Fig.3 RESTful backend service architecture: Asset Bundle Creation, Update and Delivery

The presentation in these examples and the experiment further included corporate infor-
mation about the structure of the company, a standardised presentation that takes place in
introduction meetings with internal and external staff. The first infographic includes an
image of the United Kingdom along with the buildings which define the locations that the
office are. Following ‘slides’ include information about the hierarchy and pie charts with
the structure of the company.

Site Process Evaluation and Audit Reporty|

e

& vuforiar

Fig.4 AR presentation: PC view for the presenter machine (top), Smartphone view for an audience member
(bottom)
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3.3 Interaction and Ul

Navigation between animations and graphics was an important feature to allow users to
revise the presentation and to follow along at their own pace [39, 56]. This was imple-
mented using UI buttons with familiar icons to denote next and previous, as the primary
tool for exploration [65]. A play button was implemented which when used by presenter
would replay the animation to help the presenter re-enforce a concept or repeat it. The play
button on presenter view would allow the user to sync back with the presenter after pausing
the sync. This feature helps users engage at their own pace and acts as a form of interaction
[73]. Figure 5 illustrates the UI buttons and their functionality. These features along with
the augmented reality 3D models as a form of interactivity itself, while users move around
the models and graphs, were important factors to include in the application to improve
understanding and discovery of relationships through exploration [5, 45, 54, 55, 65]. Inter-
active infographics are shown to improve engagement, interest and cognitive activity, as
well as being perceived as a higher quality information portrayal in comparison to static
infographics [49].

A text box and canvas, in the form of posted notes, was used to implement a note taking
feature, beneficial to presenters as presentations often entail the collection of information
over discussion and suggestions in addition to the information distributed during the pre-
sentation itself [39, 64]. The note taking feature can be seen in the PC view on Fig. 4, this
figure also demonstrates the placement of the buttons.

3.4 Aesthetics: 3D models and infographics

Infographics included in this presentation were of both purely graphical nature [9] or
graphics accompanied by text [50]. Chart types included pie charts and hierarchy graphs
developed with data supplied by the company as well as an organogram which was con-
verted into 3D models for use in AR. It was important to keep the 3D aesthetically suitable
and professional, as these factors in infographics have been shown to improve engagement
and memorability [33]. Choice of colours was a key factor in the design process as colour
in infographics has been found to impact memorability [12], and can help the audience link
information and see relationships between graphs of similar colour [41, 79]. Appropriate

ooy

Previous slide or previous animation Next slide or next animation
This button is de-active on the first slide, This button is active only when the
and would activate after the first audience is looking at slides or animation
repeatable action on the presentation. which the presenter has already

presented. This button is de-active when
the presentation is in sync with the
presenter.

Sync with presenter
This button would sync the presentation
with the current state of the presenter.
The Next button is immediately de-
activated.

Fig.5 UI menu which appear on the bottom right corner of the screen. The buttons use familiar icons to be
intuitive
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colour choice has the power to make the infographics more appealing [33], to highlight
important information and therefore improve understanding [53] as well as clarifying the
infographic as a whole [79]. Thus, an appropriate colour palette was chosen to align the
graphs in the presentation in terms of colour [16] which suited the professional setting as
well as the branding of the company to avoid distraction and benefit the perception of the
presentation [72, 76]. Colours were chosen for data with the aim of portraying that they
are all of equal importance and easily visible on a white background [79] or in the case of
augmented reality a bright and well-lit background [4, 80].

4 Engagement and usability of AR: an empirical study

In order to evaluate the effect of the developed AR application, an experiment was designed
to assess the usability, user engagement and effectiveness of communication (EoC) of
the application in a real-world scenario against a traditional presentation as control. The
experiment details are presented in this section.

4.1 Design

A quantitative research design was used which consisted of Post Study System Usabil-
ity Questionnaire (PSSUQ) [44], User Engagement Scale (UES) questionnaire [92] and a
post-study EoC test. PSSUQ would reveal application performance levels and UES would
provide details on whether the AR presentation is able to keep audience’s engagement more
compared to a traditional slideware presentation.

The post-study EoC test, based around the presented topic, would be used to assess the
effectiveness of communication. This test consisted of five questions devised based on the
content of the presentation. The questions were devised based on the approach presented by
[50] in order to evaluate the effectiveness of communication in presentations. The questions
used were;

Q1) Where are the wind turbine projects located?
Q2) Name 4 sectors that the company works in?
Q3) What are the 4 cores of work Admin do?

Q4) Name 4 of the admin department roles.

Q5) Which area has the highest budget allocation?

Each questions was assigned four marks amounting to a total of twenty for a test. The
response to Q1 and Q5 would be right/wrong answers and therefore can only be marked as
0 or4.

4.2 Participants

A total of 94 participants volunteered to take part in this experiment. Fifty professionals (25
female, 25 male) aged between 22 and 47 (M= 34.78, SD=8.137) years old participated in
the Augmented Reality presentation (Group A). Forty four professionals between ages of 20
and 44 (M=33,23, SD=7,628) took part in the traditional slideware presentation using Pow-
erPoint (Control Group). Only 2 out of 50 participants in Group A did not have previous
experience with AR and only 5 out of 44 participants in Control group did not have previous
experience with AR. None of the participants in either group had used our AR tool before.
The participants were recruited through the researchers’ contacts form a company based in
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the United Kingdom. Participants (both AR group and Control group) had no prior knowl-
edge of the topic and contents of the presentation as this was the orientation presentation
for new employees.

4.3 Materials

The AR application presented in previous section was populated specifically with the
material from corporate information about the structure of the aforementioned UK-based
company. This is a standardised presentation that takes place in introduction meetings with
internal or external staff of the company. The traditional slideware presentation included
the exact same text, graphics (images, 3D models, colors) as our AR application. It did not
include animation beyond the standard animations available in slideware tools. Figure 6
presents a sample slide in both AR and using traditional slideware. The same presenter was
used for both groups. The presentation script, speech and interaction was identical. The
Control group were provided with slide handouts and were able to browse through the slides
similar to the AR Group.

4.4 Procedure

The experiment was divided into three phases: (1) Information sheets and consent forms, (2)
Usability, Engagement testing and Effectiveness of communication of the AR application
with Group A (3) Engagement testing and Effectiveness of communication for traditional
slideware presentation with the control group. The experiment with AR group lasted 40

Fig.6 Presenting company’s businesses across the UK: in AR (top) and traditional slideware (bottom)
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minutes — 20 minutes for the presentation and 20 min for the questionnaires, whilst the
experiment with the Control group lasted 30 minutes — 20 minutes for the presentation and
15 min for the questionnaire. Figure 7 summarises the procedure phases and the test taken
by the participants.

At the beginning of the experiment, both groups were given a brief description of the
project and consent forms to sign. In the second phase participants from Group A were
directed to the room where the AR presentation took place. The room was a corporate
meeting room with a large TV monitor for presentations which was connected to a laptop
with the application loaded and displayed with the webcam feed and augmented reality on
show. There were also phones with the app pre-loaded for each participant, as well as a
number of printed target markers. The webcam connected to the laptop was directed at the
presenter and target marker beside them placed on the table. The participants were asked
to open the AR application and target the image on their desks. They started using the
application along with the presenter. The setup of the experiment and the how groups shared
the markers is illustrated in Fig. 8. When the presentation was completed, they were asked
to fill in the PSSUQ questionnaire, the UES survey and the post-study EoC questions.

In the third phase, the control group was directed to a room where the traditional slide-
ware presentation took place. After the end of the traditional slideware presentation, the
participants filled the UES survey and the post-study EoC questions. If the participants were
unclear about anything they were encouraged to ask the researchers for clarification at any
point during the study.

4.5 Data gathering for AR evaluation
There are three different sources of data that were collected to evaluate the AR applications:
1) answers on the PSSUQ questionnaire 2) UES data for both the AR application and the

traditional slideware presentation from the participants in the Control Group 3) data from
the post-study EoC test from both the AR app group and the Control group.

5 Study results and analysis

Overall, participants rated the usability of the Augmented reality application highly in
PSSUQ questionnaires. For the PSSUQ survey participants were asked to rate their overall

AR Group
(Phase 2)

PSSUQ RS Post-study

(Usability) EoC Test

Participants
(Phase 1) Control Group
(Phase 3)

> Post-study

U=s EoC Test

Fig. 7 Summary of the experiment procedure phases, the questionnaires and test taken by the members of
AR and Control groups
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Fig.8 AR presentation, the room setup, devices used and marker positions

satisfaction of the system in a set of 19 questions on a 7-point Likert-scale (1=strongly dis-
agree to 7=strongly agree). Every two answers would provide insight into each of the ten
categories (Simplicity, Effective completion of the tasks, comfort, error messages, informa-
tion, interface, capabilities, overall satisfaction). The mean usability is 100.38 out of 133
(SD = 14.52) which is 75.47% in percentage. The histogram of participants’ mean rating
of each of the 19 questions (Fig. 9) shows that the ratings of all participants are above 6
(Agree) which demonstrates that the participants were overall satisfied with the usability of
the tool, the information presented, the display of error messages and the efficiency of the
process. The reliability analysis [81] of this surveys showed that the Cronbach alpha (a=
0.869) is at an acceptable level for this study.

Figure 10 shows the box-plot of the UES surveys for the AR application and the tradi-
tional slideware presentations (Control). Participants rated the AR app considerably higher
compared to the traditional slideware in the UES survey, suggesting the group who partic-
ipated in the AR presentation were more engaged compared to the Control group. Table 1
presents the descriptive data of the engagement test between AR application and the Con-
trol. As can be observed, the mean of the engagement survey for the AR is higher (158.98)
compared to the mean for the Control (47.36).

A Wilcoxon matched pairs signed-rank test [93] was performed to determine whether
there is a significant difference in the engagement levels between the group that attended
the presentation with the AR application and the control group. The Wilcoxon signed—rank
test showed that participants’ engagement level was significantly different between the AR
group and the Control group (Z =-5.781, p = 0.00). The median engagement for the AR
app is 156.50 and for the control is 50, suggesting that participants from the AR app group
were more engaged compared to the control group.
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Mean Post-Study System Usability rating on each of the 19 questions
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Fig.9 Histogram of the mean ratings of the PSSUQ survey for the AR app under each of the 19 questions

Existence of any gender differences in usability perception and engagement was also
investigated. The Wilcoxon-Mann-Whitney test [25] showed that there is no statistically
significant difference between the engagement levels in male and female participants in
the AR application (p=.507). Similarly the Wilcoxon-Mann-Whitney test showed no sig-
nificant difference between the engagement levels in the control group (p=.453). Finally, a

Engagement

2007

150

1007

o =

T T
AR Group Control Group (Slideware)

Fig. 10 Box-plot for the overall engagement towards the AR application and the Traditional Slideware in %,
using UES survey
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Table 1 Descriptive data for UES survey comparing engagement between AR and Control
N Min Max Sum Mean SD
AR 48 147 181 7679 159.98 10.34
Control 44 42 55 2084 47.36 3.56
Valid N 44
(listwise)
Overall post-study EoC test
20
15
10
5
0

AR Group

Control Group (Slideware)

Fig. 11 Box-plot of the overall post-study EoC test for the AR application and the Control group (Traditional

Slideware)

Table 2 Descriptive data for the post-study EoC test

N Mean SD Min Max
Ql AR 50 3.68 1.09 0 4
Control 44 3.27 1.56 0 4
Q2 AR 50 2.94 0.89 0 4
Control 44 2.41 1.04 0 4
Q3 AR 50 3.16 0.842 0 4
Control 44 2.32 1.09 0 4
Q4 AR 50 2.88 0.87 0 4
Control 44 2.25 1.06 0 4
Q5 AR 50 3.28 1.55 0 4
Control 44 3.00 1.75 0 4
Overall AR 50 15.94 2.89 9 20
Control 44 13.25 4.54 3 20
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Table 3 Summary of Wilcoxon statistics for the post-study EoC test, comparing AR and Control groups

Z Sig. (2-tailed)
Ql —1.265 206
Q2 —2.470 .014
Q3 —3.035 .002
Q4 —2.515 .012
Q5 —1.069 285
Overall —2.885 .004

Kruskal Wallis test [13] was used to determine whether the experience in traditional slide-
ware presentations affected the engagement in the AR app. Kruskal-Wallis H test showed
that there was no statistically significant difference in engagement between those who had
less experience with presentations and the more experienced (p = .166).

Figure 11 illustrates the box-plot of post-study EoC test which was devised in order to
assess the effect of the AR app and its engagement on the Effectiveness of the communi-
cation. As can be seen participants in the AR group performed better in the test compared
to the participants in the Control group. Table 2 presents the descriptive data of the results
between the AR application and the Control group. The mean of the test results in the AR
group (15.94) is higher compared to the mean of the Control (13.25).

A Wilcoxon matched pairs signed-rank was performed to determine whether the defer-
ence in the test results are statistically significant. The analysis demonstrates that the overall
test results from the AR group is significantly higher compared to the Control (Z = -2.885,
p =0.004). The summary of the Wilcoxon test is presented in Table 3 which demonstrates
that the results for the AR group are significantly better compared to Control group over
the full test score (overall), and Q2-4. But the results were not significant for Q1 and Q5
which were right/wrong answers. Considering the results it is possible to conclude that the
AR presentation was more effective in communicating its content compared to traditional
slideware presentations.

6 Conclusion and discussions

Presentations are the most successful and popular form of communication in business,
however the format of presentations in business has not changed much in the past few
decades. The advances in technology, the emergent and disruptive technologies have pro-
vided the potential for enhancing communications in businesses, to increase engagement
and therefore increase the effectiveness of such communications.

This research has presented a clear advantage to using AR presentations against tradi-
tional slideware presentation. Using empirical data, the paper presents a clear improvement
in engagement and understanding of participants. This research is confirms the previous
efforts by [7, 45, 46, 59, 98] through an empirical study using established questionnaires
which confirm that using AR for presentations has better usability, and would increase
engagement and understanding in users

This paper presented an empirical study into the usability, engagement and effectiveness
of using Augmented Reality and Animated infographics in business presentation and com-
pared the results against the traditional slideware presentation approach. In this effect an
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AR application was developed, both for PC and Android devices, which is used for presen-
tations. Both the presenter and the audience members were able to use the app as part of
the presentation. An empirical study was then designed and carried out with 94 participants
divided into AR group and Control (traditional slideware) group. After the presentation the
participants took part in a number of test and standard questionnaires in order to assess
the usability of the AR app and then compare the user engagement and effectiveness of
communication between the AR presentation and the traditional slideware presentation.

The results of the usability questionnaires (PSSUQ) demonstrated the the app was intu-
itive and easy to use. Although most participants did not have any prior experience with AR,
they were able to quickly learn to use the app effectively.

The results from the engagement questionnaire showed that the participants in the AR
group were significantly more engaged with the presentation and found the experience con-
siderably more immersive than traditional presentation. Such response, when using a new
technology, could be considered an effect of the novelty of the technology used. In order
to assess that the increased engagement had led to a more effective communication, a post-
study test was taken. The results confirmed that the participants in AR group performed
better, when quizzed on the content covered during the presentation, compared to the Con-
trol group and this difference was statistically significant. Hence, it is possible to conclude
that the use of AR in presentations has led to increased audience engagement which in turn
has led to a more effective communication.

The findings of this study, although very promising, do not tackle a main challenge in
adoption of AR for business presentation which is the overhead for content creation. This
challenge consists of two inter-related factors of available tools and knowledge. Currently
there are many well-established slideware tools, e.g. PowerPoint, Keynote, etc, that offer
intuitive facilities for creating traditional presentations. These tools are widely accessible,
relatively affordable, or free, and familiar to majority of people. However, there are not
many tools for creation of AR presentations, as proposed here, that can be used without
some extent of AR, Unity, 3D and programming knowledge. This makes creating AR pre-
sentations expensive, time consuming and expert dependant when compared to existing
approaches. There are existing attempts [62, 69] towards addressing this challenge which
demonstrate promising results yet require further research and dissemination.

Whilst the results presented, demonstrate clear advantage to using AR for business pre-
sentations, there are still limitations in the current study that warrant further research . The
population size used in the experiment is a clear limitation which requires further studies in
order to confirm and generalise the findings. All participants worked for the same company.
Therefore, rigour dictates that various other industries and companies should also be part of
the study in order to arrive at a solid conclusion. The ease of use for users with less comput-
ing acumen also requires further research. Finally, whilst recall has been a good indicator
for effectiveness in communication in the context of this experiment, further study is needed
to establish the comprehensiveness of understanding in this communication approach.
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