






did not accompany the actual exertion levels they obtained. This
dichotomy lends itself to a future study to better understand this re-
sult. It is also unclear how much this increased perception should
be attributed to the enhanced GUI. A future study on the effect of
the game interface versus the game mechanics is warranted.

Questionnaire data also showed the decreased ability to recall or
execute gestures in the activity incentive version of the game. This
was expected due to an increased level of difficulty in the game with
more dynamic mechanics and extra visual feedback. We feel that
this is an important measure to base the refining of the initial game
design and it becomes increasingly more important in games with
a higher number of actions/gestures. In our case, since the overall
response from the activity incentive group remained positive, we
feel that the amount of difficulty added was not to the game’s detri-
ment and is possibly linked with changes in game immersion and
perceived level of exertion. A study to explore these relationships
further and finding the perfect zone of ”gesture confusion” to be
used as a game development guideline is needed.

We feel that the lack of significant quantitative objective results
was caused by the game’s high base activity level, which left lit-
tle room for players to exert themselves any further. According to
the data in [14, 15] our game is at the high end of the exergame
exertion spectrum. A future study using a game of a lower base ac-
tivity level is needed to fully determine the viability of the activity
incentive mechanism in increasing the exertion levels. Our current
game design could be modified to fit such a study. For example,
basic actions could have a reuse timer, lowering the base activity
level, and filling up the activity bar could give access to a powerful
attack, further increasing the benefits of being more active.

Based on the pair-wise relationship of participants’ activity lev-
els we see that, while individual pairs differ greatly from each other,
the difference within the pairs was always small. This result sug-
gests a correlation between players’ rates of motion in a competi-
tive environment where either a weaker opponent is trying to keep
up or a stronger one is not as motivated to exert themselves further.
A study on combining players of vastly different rates of motion
would be needed to further explore this correlation.

Since opponents in the game can have vastly different fitness
levels, a need for game balancing exists that would level the playing
field and allow for more meaningful competition [2]. One approach
could be to use heart rates to adjust game difficulty [7, 13]. In our
case, a weighted sum of the activity level and the heart rate could be
used instead of the activity level alone to add a measure of balance
to the game. The need for game balancing would be based on the
participating players’ expectations. A skilled player may want to
always win against a weaker player simply because they have put
in a lot of time to develop their skills. On the other hand, the same
player may like a challenge in an absence of a similarly skilled
opponent and properly implemented game balancing would be able
to provide this.

The development of DynoFighter and the results of our study
have lead to other ideas for including physical incentive in existing
game genres. These ideas can be applied to an array of games with
relative ease. Rate of motion, range of motion, and complex com-
binations to supplement basic motions can all be applied to a game
to increase exertion while preserving overall gaming atmosphere.
How often some action or combination of actions is performed can
affect the strength of the result within the game. If breaking a block
in a game such as Minecraft requires ten swings of a pickaxe us-
ing gestures, simply performing them faster would break the block
faster. Similarly, range of motion can be applied to breaking a block
by swinging from a higher initial arm position requiring only five
big swings versus ten small ones. Finally, complex combinations to
supplement basic motion can be applied to the same scenario by al-
lowing the player to take a running start before each swing reducing
the number of required actions to even fewer.

7 CONCLUSION

We presented a new exergame, DynoFighter, in which we have ex-
plored the possibility of increasing player exertion and enjoyment
through a physical activity incentive mechanism that encourages
players to maintain high activity levels to support winning. Our ex-
periment showed that players were able to achieve high heart rates
in both game conditions, but players in the activity incentive game
group showed high level of game immersion and enjoyment, as well
as increased perceived level of exertion. This result shows that our
technique has potential applicability to incentivize players to en-
gage and enjoy motion-based gaming. We also believe our results
have created a springboard for exploring other research questions
on physical activity incentives in exergames.
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