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ABSTRACT
Most Augmented Reality applications feature an information 
overlay over physical objects that consists of text, images, and 
animated 3-D models. We go a step further by using an AR-menu 
and linking multiple overlays using occlusion-based triggers that 
help navigate between the different overlays. This paper describes
the development of an AR-based tutorial for a common real-world 
scenario. Using multiple overlays allows us to design a
comprehensive AR tutorial by presenting more information on the 
same physical object in a hierarchical manner with a narrative 
structure. We describe the design features in an attempt to 
elucidate the issues related to the development of the AR tutorials.

General Terms
Performance, Design, Experimentation, Security, Human Factors.

Keywords
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1. INTRODUCTION
Augmented Reality is defined as a technology which allows 
computer generated visual imagery to exactly overlay physical 
objects in real-time [1]. In a landmark survey, Azuma [2]
provides a definition for Augmented Reality: AR systems have 
the following three characteristics: The systems combines real and 
virtual, the systems are interactive in real-time, and the augmented 
objects are registered in 3D.
Using a popular Settlers of Catan board game as a case study, we 
have designed an AR-based tutorial to support new players who 
play the board game for the first time. We designed and developed 
Catan-QuickStartAR, using Unity [3], and Vuforia SDK [4]. We 
implement Spatial AR techniques [5], but only for input, as 
projection-based output is not suitable for this scenario. 
The main goals of Catan-QuickStartAR prototype are to provide 
basic game information and strategy guidance on physical game 
cards and the gameboard by using AR overlays. This information 
can be accessed by a new player as and when required. 
Furthermore, Catan-QuickStartAR is designed to be non-intrusive 
to other players. And finally, Catan-QuickStartAR supports new 
users in-situ by providing move recommendations so that they can 
formulate a basic game strategy. Our use of AR thus differs from 
approaches seen in [6], [7], and [8] where AR is used for simply 

adding visual effects, or integrated in gameplay.
The contributions of this paper is as follows:
1. The introduction of occlusion-based triggers, which allows
recognising user intent, as a new method for interacting with 
digital information with physical tokens in Spatial AR. 
2. The prototype and user evaluation of AR-menu and multiple
AR overlays on a physical board game, Settlers of Catan.
We addressed a series of design and development concerns based 
on an iterative design process involving users. In designing the 
system we employ the following features: splitting the camera 
from the display; using occlusion-based triggers; and using 
multiple overlays. We also point out at the need for using inputs 
from visual communications, specifically graphic design, for the 
layouts of the AR overlays. The structure and flow of information 
from one overlay to the next was informed by a preliminary study 
of board game sessions using the ethnographic method of 
participant observations.  

2. DESIGN AND DEVELOPMENT
As seen in figure 1 (a), we augmented all game cards with basic 
information like the card name, its importance, its role in the 
game and the actions it enables you to take. We augmented the 
game map with basic 3D augments - coloured spheres to indicate 
the neutral, the more and the less desirable regions, as seen in 
figure 1 (b). Pilot tests were conducted with the users where we 
made observations on how the new player is using Catan-
QuickStartAR. We observed that the information was not easy to 
access, the users were spending more time adjusting the distance 
between the phone and the physical object for augmentation; and 
other players were not comfortable with the resulting disruption to 
gameplay.
In order to address these problems, we made the following 
changes to Catan-QuickStartAR: First, we decoupled the camera 
from the AR device and mounted it on a frame over the table 
where the game is played, as seen in Figure 1 (c). This allowed 
the application unrestricted and stable view of the map, and there 
were no tracking issues as the lighting conditions and camera 
focus were pre-adjusted. The map was augmented with more 
information regarding the different regions as a stable map-view 
was now possible. Secondly, we ran the application on a 
computer, with an option of streaming the screen on a tablet for 
the user to view the mixed-reality. Thirdly, we used multiple 
overlays and occlusion-based triggers: certain hot-spots on 
physical objects that recognise user intention to trigger an event. 
These hot-spots are called “virtual buttons,” in Vuforia reference 
literature, but we believe “occlusion-based triggers” is a more 
technically correct name, as “buttons” can be misleading due to 
their connotations to tangible interfaces.
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     (a)        (b)    (c) (d)

(e)      (f)             (g) (h)

Figure 1: Catan-QuickStartAR deployed on a smartphone. (a) Augmentation on game cards (b) Augmentation of game map. Catan-QuickStartAR Overlay. 
(c) Split-system with fixed camera and display. This allowed for more information to be presented in from of multiple overlays that have a narrative 
structure, as seen in: (d) Shows resources dynamically (e) Node values with better nodes highlighted (f) How to earn resources (g) On ports and trading (h) 
Options for the next settlement when the user chooses a node.

And finally, we used multiple overlays. We divided the 
information relevant to the new user on different overlays. 
Information is presented in a hierarchical manner with a narrative 
structure. The information on each overlay builds on concepts 
presented in previous overlays. Developing separate “scenes” in 
Unity for these overlays, we are able to use an AR menu for 
switching to one overlay from another. To Interact with Catan-
QuickStartAR, the new player studies the game board through the 
augmented layers going from overlay 1 to 5, as seen in Figure 1 
(d-h) using the ‘back’ button to come back to the main menu each 
time she wishes to switch an overlay. When on a particular 
overlay, the new player interacts only with the content from that 
overlay. 

3. DISCUSSION AND CONCLUSION
We conducted pilot tests with Catan Quick-StartAR with two 
players who did not know Settlers of Catan and do not play board 
games regularly. We found the participants struggling to 
understand how overlays were switched and how to generally 
navigate around on an overlay. This is a novel concept in 
interaction and users did not grasp this immediately, however, 
navigation is not complex and occlusion-based triggers did not 
appear to hamper the overall use of Catan Quick-StartAR.
There are clear issues with using a smartphone when dealing with 
a large number of overlays and complex information. We also 
found major issues with using cameras from handheld devices for 
visualising the augmentation, and thus separating the camera and 
running the program on a PC with an option of streaming it on a 
tablet for comfortable viewing by the user is a more appropriate 
application of AR in this scenario. A Spatial AR system that 
augments the map itself is an option for similar implementations, 
but in this case of board games, such a system is not suitable 
because of the private nature of information being accessed, and 

the augmented system should be out of view of the other players 
so that it does not hamper their gameplay. As a next step, we are 
looking at conducting a series of tests with more users to gather 
more data on improving Catan-QuickStartAR. In addition, 
implementing Catan-QuickStartAR on devices such as Google 
Glass is more appropriate as wearable computing is a more 
suitable platform for the deployment of such AR-based support 
and training applications.
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