










current data only has two groups of female players, one male-
female pair, and only two groups where participants were not 
friends prior to the experiment. In the future study, it will be 
interesting to find how the pre-existing relationships and social 
norms can influence the social play in handheld AR games.  

5.2.2 Feedback about the game interface  
From players’ self-reported rating, we found that they thought that 
this AR game interface was intuitive to use (avg=3.42/5, 
std=1.017); and it provided enough feedback during the game play 
(avg=3.53/5, std=.943). 

We identified an ergonomics issue related to the top down view 
that the game interface requires, in order to provide optimal 
tracking of the markers on the game board. Using the handheld 
device was not comfortable for long play sessions, and many 
players complained that the game required them to “bend too 
much” (P14) and they prefer to “sit back on the couch” (P10). 
Two groups of players alleviated this problem in the SepB mode 
by tilting their coffee tables to be closer to vertical (see Figure 5).  

We originally felt that fishing as an activity lent itself to a 
handheld AR game implementation due to the fact that, even in 
real life, this is a slow paced social activity with competitive 
overtones. However, during the BragFish game play, we observed 
the game becoming fiercely competitive and attention-demanding 
under the lab setting. As put by P2, “(when the tracking is not 
working) It seemed to get in the way at the worst time. When I see 
a fish, I get excited and try to position the camera quickly – this 
caused tracking problem, though.”  

 
Figure 5. Players reconfiguring the game space to get a more 

comfortable position of play. 

5.2.3 Emergent and Embodied Play 
Through our observation, interviews and recorded video, we 
found that players are creatively leveraging the social/physical 
context and integrating them into their own play approaches, 
especially under the mode of shared board. The examples are as 
follows:  
• P11 reported how he anticipated the other player’s actions in the 

game by observing his physical movement in ShB mode. In this 
case, zooming out (pulling the device away from the table) and 
panning the device meant the other player was preparing to ram or 
check the other player scores; while zooming in meant he was 
trying to catch a fish.  

• P9 positioned her device on top of P10’s device to physically block 
her view of the screen (see Figure 6, also in ShB mode). This action 
happened when these two players move close to each other. The 
separate devices and shared physical space lead to this interesting 
play behavior.  

• P3 reported that his strategy was to intentionally stand in the way 
of the other player (in ShB mode). He believed that the other player 
could not get a good position for tracking or zooming in on the 
board and thus he could not effectively fish.   

• P16 turned the game into a fierce action game. He stalked the 
other’s boat, and whenever he heard the fish-catching sound from 
the opponent’s device, he rammed his boat, attempting to steal fish 
(this happens in both ShB and SepB modes).  

The above cases are not an exhaustive list of the creative game 
strategies employed by the players. The richness of their 
interactions showed that the players rapidly adapted and immersed 
themselves in the gaming sphere by receiving and interpreting 
visual, aural, physical, and virtual cues in their own ways. The 
potential for such embodied and emergent interaction sets 
handheld AR gaming experiences apart from many other handheld 
games, console games and board games. When asked to compare 
their BragFish play experience with other game experiences, four 
groups of the players talked about how BragFish is similar to the 
Nintendo Wii (the game title of SmashBros [6] was mentioned 
three times), both of which involve more physical and social 
interaction than traditional games. Interestingly, one of the players 
described the Eye of Judgment experience as different from 
BragFish, although both of them are based on AR technology. 

 
Figure 6. A player moving her device on top of her opponents’ 

screen to block her view of the board. 

5.2.4  Multi-channel interaction   
The purpose of the three modes was to isolate and identify which 
components of the communication channel matters most. Below 
are the hypotheses and results:  

Hypothesis 1: There is no significant difference between social 
presence levels in the three modes.  

From the study, we found that there is statistically significant 
difference between all three modes for each of the social presence 
questions listed in Table 2, except that there is no significant 
difference between SepB and SS mode for question 2: Awareness 
of the other player (t-test, t=1.84, p=0.085). The average ratings of 
the social presence questions (on a 1-7 Likert scale) are listed in 
Figure 7.  

 
 
 
 
 
 
 
 
 

Figure 7. Average ratings for the social presence questions 
(in a 1-7 Likert scale, 1= least, 7=most)  
 



Hypothesis 2: There is no significant difference between the 
players’ enjoyment of the three modes.  

There is no significant difference of enjoyment between the ShB 
mode and SepB mode (t-test, t=0.76, p=0.45), although a majority 
of participants (11 people) liked ShB most (6 other players liked 
SepB most). There is significant difference of enjoyment between 
the ShB and SS modes (t-test, t=2.78, p=0.015). Moreover, in SS 
mode, the frequency of verbal communication and self-reported 
social interaction level is reduced significantly as well (t-test, 
t=3.50, p=0.003). This result shows that when players cannot see 
each other, the channel of visual cues is lost and the social 
interaction diminishes instead of being sustained by an increase in 
verbal communication. 

It is interesting to explore how social presence influences the 
game experience. One might assume that the higher the social 
presence is, the more enjoyable the game is. Instead, we found 
that this is not always true (as shown by the combination of results 
from hypothesis 1 and 2). An easy conclusion is that visual cues 
are playing an irreplaceable role in the social play experience, as 
described by P2, “out of sight, out of mind”. But a closer look at 
the qualitative data reveals instead that each of the three 
experimental modes has its own affordances that, if designed 
properly, are appropriate depending on context and player type. 
The following section discusses the issues inherent to each mode 
and the resulting design considerations. 
• Space management 
In this context the term “space” means both virtual and real space. 
In some cases, players reported that with shared board and AR, 
they can align the real world movements of the other player with 
the movement in the virtual world more easily and directly (P4, 
P9 and 10, P11, P16); also, some players reported that they would 
prefer to stay in their social comfort zone in both virtual and real 
space (P5, P6, P8). Below is the quote from P5, Group 3 (a group 
made of two strangers):  
“I rammed him once at the beginning, but he did not ram me back, so I 
stopped…I guess I need to be polite... I just stayed on my side and carried 
on  fishing…” 

This is one example of how social norms can override game play 
strategy. It also reveals that, when designing multiplayer handheld 
games, social interactions can not be “forced” as players may 
prefer to remain in the private gaming sphere of their own device.  
• Exposure of technology  
Using the shared board gives players the possibility of interfering 
with the other’s game play by leveraging the technology (and 
capitalizing on its limitations). Some social groups might deem it 
inappropriate to impede the other player’s game play via physical 
contact, but it is also easy and fun to manipulate the shared space 
to the same ends. As mentioned in above section, P10 tried to 
block P11’s view on the screen by putting her Gizmondo on top of 
the other one, and P3 tried to occupy better physical position for 
tracking. Both of these examples showed that players are 
strategically embedding their understanding about how system 
works into the game play. However, the limits and seams of the 
technology are equally exposed to both players. 
• Emotional intensity  
Although the proximity between players was approximately 
constant in each mode, the shared board mode resulted in a 
stronger self-report of “being together” than the other two modes 
(ShB vs. SS, t-test, t=3.12, p=.003; ShB vs. SepB, t-test, t=2.57, 

p=0.012), which was accompanied with the increased numbers of 
emotional bursts seen in the video. Interestingly, we found two 
groups (group 2 and 8) in which both players had a stronger sense 
of “being together” under shared board mode, despite the 
difference in mode preference: one player prefers shared board 
(ShB), while the other prefers separate board (SepB). Below is the 
quote from Group 2. 
P3: “I like the shared board best. I just like it because I know where he is 
looking… I will assume generally where he is looking, and I am going to 
bother him along.” 

P4: “I like the separate but close. Everyone has their own (board that they 
can work on their own). You don’t have to worry about bumping elbows 
with anybody.”  

P3: “I like it though; I can get to your way” (laugh) 

P4: “(That was a) Distraction~” (both laugh) 

This example shows that a stronger sense of “being together” 
leads to more intense emotional experiences, which could be more 
exiting or more frustrating for different players. When designing 
games with shared physical spaces, we need to take the emotional 
reinforcement into consideration, so that the negative emotions, 
such as feeling more vulnerable and losing control, do not 
overwhelm the players.  

6. DISCUSSION 
In this research, we focus on handheld AR games that create a 
shared physical/virtual world situated in the physical space 
occupied by the players. This style of game is interesting because 
during game play, the handheld device begins to feel more like a 
portal into the augmented physical world, rather than the game 
space itself. This is important because, unlike the studies showing 
reduced collaboration in multiplayer handheld games (e.g., on the 
Nintendo DS) in comparison to console games, we have found 
that multiplayer handheld AR games can foster a strong sense of 
shared play. We believe that by moving the focus of game play 
into the real world, this kind of AR game leverages the physical, 
social and perceptual systems of the players to create a sense of 
physical and social presence in the game space. 
The strong sense of the game being “in” the world opens up new 
possibilities for play and game design. Consider, for example, that 
many of our subjects seemed to observe social norms while 
playing BragFish, much more so than might be expected in 
competitive computer games (e.g., by respecting each other’s 
physical space). Just as games like Twister play on feelings about 
personal space, so too may handheld AR games successfully 
leverage mechanics that require people to occupy each others’ 
space. Similarly, AR games could require players to synchronize 
their physical movement through space in a much more 
sophisticated and subtle way than current rhythm games. 
One thing we have not explored with the BragFish prototype is 
the effect of physical interaction with tangible props in the play 
space. Many AR researchers and designers believe strongly that 
adding props, such as cards or trackable game pieces, will 
generate an even stronger sense of the AR environment being tied 
to the physical space. As with many of these researchers, we have 
created many small demonstration systems that use multiple 
fiducial markers to support physical interaction with the AR 
content. For example, we created a demonstration of an animated 
virtual dog that walks around a marker board on the table. The 
player has two cards, one representing a food bowl and one 
representing a ball. When they are placed in the play space with 



the dog, he reacts appropriately, running over and eating the food 
or playing with the ball. If the card is moved while he is eating or 
playing, he runs after it. While this interaction is very simple, our 
anecdotal experience suggests that it is extremely compelling. 
Both children and adults want to get their picture taken with the 
dog, play with the cards for longer than we would expect, and try 
to see what other actions (e.g., petting or poking) the dog might 
react to. What is interesting is how such simple interactions are so 
compelling, by simply appearing to be “in” the real world. The 
question, then, is how would the ability to tangibly interact with 
the virtual elements in the game like BragFish change the game?  
We would hope to see more social and physical interaction and an 
even greater sense of presence and shared play. 

7. CONCLUSION AND FUTURE WORK 
BragFish was the object of study for our research group as we 
developed an understanding of how handheld AR technology 
influences the experience of social play. Over the past two years, 
the game evolved in parallel to other research efforts, being tested 
and redesigned continuously. BragFish exemplifies our growing 
belief in the importance of a shared augmented play space, one 
that is tightly registered with the physical world so that players 
can rely on their senses and perceptions of how each other are 
moving and what those movements mean in the game context. 

As we move forward, we are interested in exploring different 
ways of creating shared augmented spaces beyond using large 
physical game boards. The rapid pace of technology development 
will soon make technology such as natural feature tracking 
possible on mobile devices, allowing us to create games in spaces 
that are not covered in predefined marker patterns. We are also 
designing games to make more use of physical props, from game 
pieces to cards, to explore the impact of such tangible interactions. 
In the long run, we hope to continue exploring the potential of AR 
as a medium for social gaming. Whether through collaborative 
tabletop games like BragFish, or through wide-scale outdoor 
games (as technology improves), we believe that immersing 
players in augmented play spaces, where they have a strong 
shared sense of social and physical presence, has the potential to 
revolutionize how people perceive and play games. 
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