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Abstract

Playing video games has been gaining increased interest over the last two decades regardless of age, gender and any kind
of status. Video games are generally controlled via frequently used input devices such as game controllers or mouse and
keyboard. However, there are also newer technologies which can detect human motion through sensors. This technology
enhances the game-play experience due to its interactivity level and therefore, such an experience embraces many players
more than traditional controllers. The term “Hybrid” is used for both the multi-genre games and for games integrating
conventional controllers together with new technology devices, e.g. motion-sensitive devices. In this paper, we use the term
for the latter. Our aim is to provide the game developers a roadmap to generate a 3D hybrid game in order to enhance the
game-play experience where we mainly control the game with keyboard but also integrate Kinect to sense human motion
and solve interactive puzzles at the end of each level. Besides, we also suggest to enable the multiplayer mode for some
interactive puzzles to challenge the players and observe their contentedness in terms of game-play. After this experience,
we named this game model as Multipld game-model as it combines the features of both Multiplayer and Hybrid modes. We
developed a game employing this model and conducted a user study which is discussed in the Results section. When we
asked the players, more than 60% have stated that Kinect-based local multiplayer sub-sections improve the engagement of
game quite effectively. Besides, 87% of the attendees stated that they like to see more Multipld games in the market. We
believe that increasing the number of Multipld games gives a competitive edge over existing single-player games that
employ only traditional controllers.
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HAREKETE DUYARLI, LOKAL COK OYUNCULU-MELEZ(MULTIPID) 3B VIDEO
OYUNU GELISTIiRME ICIN BiR YAKLASIM MODELI

Ozet

Video oyunlarina olan ilgi, gectigimiz 20 sene icerisinde, yas, cinsiyet ve sosyal statiiye bakmaksizin hergiin daha fazla
artmigtir. Video oyunlart genelde siklikla kullanilan giris aygitlart olan oyun kumandalart ya da klavye ve fare ile
oyhanmaktadir. Ancak, insan hareketlerini sensorler vasitasi ile algilayabilen daha yeni teknolojiler mevcuttur. Bu
teknoloji, interaktivite seviyesine bagl olarak oyunlarda oynanma deneyimini artirmaktadir ve bu sebeple pek ¢cok
oyuncuya geleneksel oyun kumandalarindan daha cazip gelmektedir. “Melez” kelimesi oyun sektdriinde hem ¢oklu tiirdeki
oyunlari, hem de geleneksel oyun kumandalari ve yeni teknoloji aygitlari, ér. hareket-algilayicilar, birlikte entegre etmis
oyunlari ifade etmekte kullanilir. Biz calismamizda melez dedigimizde ikinci yaklasimi kullaniyor olacagiz. Amacimiz, oyun
oynanma deneyimini artirmak adina oyun gelistiricilerinin temelde geleneksel oyun kumandalari ile oynanan ancak her
seviyede oynayicl hareketlerini algilayip interaktif oyunlar oynamasini saglayan melez oyun liretmeleri adina bir yontem
sunmaktir. Ayrica, ¢oklu-oyuncu mod destegi ile oyuncularin rekabet edebilecekleri interaktif oyunlar eklemeyi ve
oyuncularin bu oyunlardaki memnuniyet oranini gézlemlemeyi de 6neriyoruz. Bu deneyim sonrasinda, bu oyun modelimize
Coklu-Oyun ve Melez kelimelerinin Ingilizce karsiliklarinin birlesmeleri ile olusan Multipld oyun modeli kisa adint vermis
bulunmaktayiz. Bahsettigimiz modelimiz ile gelistirdigimiz érnek oyun ve yiirtittiigiimiiz anket calismasi, Sonug¢ kisminda
anlatilmaktadir. Oyunumuzu oynayan katilimcilarin en az yiizde 601 Kinect tabanli lokal ¢oklu-oyuncu destekli ara
béliimlerin, oyun oynama deneyimini artiracagini belirtmistir. Ayrica, katilimcilarimizin yiizde 87’si pazarda daha fazla
Multipld oyun gérmek istediklerini belirtmislerdir. Inantyoruz ki Multipld oyun sayisint artirmak, var olan tek-oyunculu
geleneksel giris aygitlari ile oynanan oyunlar ile kiyaslandigi zaman rekabeti artiracak bir ¢izgi olusturacaktir.
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1. Introduction

Video game industry is one of the biggest economic
sectors all over the world with estimated $137.9 billion
revenue in 2018 over 50% mobile, 25% console and 24%
PC games, according to Newzoo [1]. Video gaming trend
accelerates everyday as engagement grows with millions
of people over different countries. This situation causes
the sector grow much faster. Today, Game Market’s top
3 countries are China, U.S. and Japan [2-4] (for details,
please see Figure 1). Turkey was also well known in the
market of 2017 not only with its 30.8 million active
gamers and $773.9M total revenue (rank: 18 [5]), but
also with its productive game development companies.
For instance, in 2018, Zynga, one of the leading social
game development companies worldwide, acquired
Turkish game developing company Gram Games for $250
million in cash [6]. The reason is, Gram Games team’s
effective and profitability costs (they produced more
than 170 million times downloaded hyper-casual and
puzzle games), match with Zynga’'s long-term growth
plans. Once again, this sale showed the power of game
industry and how game development companies invest
on future. Those who are interested can also see the
“Digital Game Sector Report” prepared by Ankara
Development Agency [7], and also other valuable
publications, e.g. [8-10], that discuss the video game
industry in Turkey.

While still most of the revenue is obtained over casual,
hyper-casual or social mobile games; expanding video
quality, increasing the performance in terms of
physically-based  computations,  integration  of
virtual/augmented reality and detecting human-motion
through sensor technologies accurately are still some of
the main focuses of researchers.

Motion detection refers to the process of detecting the
changing positions of moving objects relative to its
environment and other static or dynamic objects in a
reasonable region. There are different sensing
technologies used for this aim, e.g. infrared, optics, RFE,
sound, etc. Using motion controllers became popular in
2006 when Wii Remote motion controller came to
market. This accelerometer based motion detection
technology was able to approximate the orientation of
the player and this enabled the player’s movement be
considered as the input of the game. Later, other 7th and
8th generation game consoles started to use similar
technologies. In 2010, Sony launched PS Move to market
which is also a controller with magnetometers that track
Earth magnetic field and track location using PS Eye.
There are many other motion controllers similarly
launched to market. The detailed explanation of motion
controllers is beyond the scope of this paper. For details,
please see [11]. Different than this controller/handler
technology, Microsoft introduced web-cam styled Kinect
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Figure 1: Top 3 countries in Gamer Market with their
expected total revenue given in billion dollars and
number of players in millions according to Newzoo
reports [2,3,4].

as a motion sensing input device in 2010 which has been
preferred by many gamers since then due to its flexibility
with controller-free technology, easily adaptable multi-
player mode (only one Kinect is enough for multiple
players) and its accuracy in motion sensing. This
flexibility and accuracy made Kinect be used in many
other fields, e.g. healthcare games and platforms (e.g.
[12-14]), computer vision, robotics (e.g. [15-17]) or
educational purposes (e.g. [18-20]).

With the increased interest in video games, companies
started to launch new game engines in the market. Unity
has been amongst the most popular cross-platform game
engines with its free edition and low learning curve since
it was introduced in 2005. Due to the fact that the
popularity of games with motion sensing technologies
started to increase, game engines started to work on the
integration of this technology into their systems. Since
then, Unity has always been one of the most frequently
investigated cross-platform game engines for Kinect
integration.

Our contribution. When we considered the no-
controller flexibility, freely coming multiplayer mode and
high motion tracking accuracy of Kinect and the ease of
its adaptability with Unity, we preferred to use Kinect
and Unity for our project. Our aim here is to give a
different touch to a conventional keyboard-input 3D PC
video games as we add single or sometimes multiplayer
mode enabled interactive Kinect puzzles at each level,
and explain the methods to solve encountered problems.
Multipld keyword is used as the abbreviation of our
hybrid model in this work. We also conducted a survey to
measure the players’ contentedness in our proposed
game.

2. Related Work

2.1. Game Experience

It is a well-known issue that poorly analyzed game
requirements and poorly designed games reduce the
game-play satisfaction of gamers. Requirements
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engineering can step in at the very beginning of game
development in order to avoid the application of fixes
that causes serious problems in later phases. User
satisfaction surveys are one of the key solutions in game
engineering to prevent such problems. Paschali et al.
discuss such non-functional requirements in [21] where
they evaluate the correlation between different
satisfaction factors, e.g. scenario, controls, graphics,
sound, speed and community as they also discuss these
factors over various genres. In [22], Saenz-de-Urturi et al.
discusses the difficulties of game playability for elderly
people and how to ameliorate the conditions for them by
making observations. Another study about the
evaluation of games was run by Mayer et al. [23], where
they analyze the requirements of generating simulation
games and evaluate the results. El-Nasr and Yan [24]
discusses the factors to improve the game level design
and graphics of games by observing players’ visual
attention patterns in 3D game environments using an eye
tracker and they arrive at interesting conclusions for
different game genres.

We also see other related work in the literature which
discuss game experience related issues in terms of
Kinect-like motion sensing game input environments.
For instance in [25], a systematic review is done by Simor
et al. to evaluate the usability of gestural interaction over
different works. In [26], Bampatzia et al. evaluate player
experience by comparing game input modalities. For this
comparison, they propose to use one conventional input
device, which is a mouse in this case, and a new
technology motion sensing device which is Kinect. In this
work, they conclude that Kinect users report being
happier and more self-esteemed after playing the game
compared to mouse users. The authors also state that
Kinect users report higher satisfaction and more
engagement. Liao and Long also claim a similar result
saying that gestural user interfaces can increase
immersion and improve user experience [27]. The study
of Bampatzia et al. [26] was one of our starting points
while choosing to work on such a game type.

2.2. Games with Different Input Devices

With the rapid development of technological input
devices, head-mounted displays, e.g. VR devices such as
Occulus Rift or HTC Vive, motion-tracking or gesture-
controlled technologies, e.g. Kinect, Leap Motion, etc., and
even motion platforms, e.g. Virtuix Omni, have started to
be integrated in video games much more frequently. As
this trend started to grow, it has started to become a
more permanent research area. In [28], Lee et al. explains
how to utilize several input devices in a video game, and
in [29], the same group explains a development method
of a VR game utilizing Kinect and Oculus Rift that will be
adapted for a smartphone.

There are many publications also on gesture-controller
technology, e.g. Leap Motion [30], which supports hand
and finger motions as input. In [31], Pirker et al. explores
Leap Motion for computer games. The authors state that
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while the suitability for traditional video games is thus
described as limited, users see potential in gesture-based
controls as training and rehabilitation tools. In [32],
Krastev et al. uses Leap Motion for a 2D game rather than
a 3D one and presents the overall design and
implementation of the game. In [33], Panat et al. explains
the importance of Leap Motion on game-based learning.
As an alternative approach, the player can move in a
limited real world space using “treadmill” systems, e.g.
Virtuix Omni [34]. These systems are still high-cost but
increases the game experience and takes it one step
further. For more details, one can check [35].

Although it is not easy to find a multiplayer hybrid game
which is playable not with a single input device but with
more than one, Ryse [36] can be given as an example.
Ryse is the first hybrid game that is playable with Xbox
360 controller and Kinect, and was developed by Crytek
[37] which is a Germany-based video game development
company founded by Turkish brothers Cevat, Avni and
Faruk Yerli in 1999. Since then, Crytek produced several
of the most prestigious games of the game industry, e.g.
Crysis series, using their own game engine. The Ryse
game features Kinect voice integration, in which players
can give commands to other characters to call in arrows
or catapults. According to the creators of the game [38],
the team had developed three prototypes for the game.
In the first one, entire game is played with Kinect, the
second one integrates Xbox 360 controller, with Kinect
features, while the third one completely removed the
Kinect. Later, Crytek decided to go with the second
prototype.

We also adopted a similar idea in our game. We think that
playing the entire game in Kinect mode is a tiring
experience for such kind of long-play games. However,
adding features of Kinect enhances the gameplay
experience. Besides, the industry is still in the beginning
of developing hybrid games and it is not easy to find such
games for those who are interested. This is the
motivation that directs us to create a hybrid game.

There are still many issues related to game development
which are open research areas, e.g. “game based
learning”, “artificial intelligence”, “social impact of
gaming”, “networking” and “graphics algorithms”.
However, they are beyond the scope of this paper. For
those who are interested, we can suggest the work of
Ampatzoglou and Stamelos [39].

3. Implementation
Game development can be considered as a type of
software development project which is composed of
several important stages, e.g. pitch, game design,
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(a)

(b)

Figure 2: a) A minimap from [42] b) A labyrinth scene
we generated using Unity Navmesh system for Al
agents.

production with programming, level, art and audio
design sub-stages, and testing. Compared to other
software design processes, game design can be
considered as agile development rather than
conventional software life cycle models, e.g. waterfall
model [40]. In large projects, all of these stages employ
many different professionals, e.g. game designer, level
designer, concept artist for 2D/3D artwork creation and
sketches, drafts, modeler, animator, programmer for, e.g.
physic, Al, gameplay, Ul editor, network, tester and
finally a project manager. However, in smaller projects,
the programmer generally develops whole stages on
her/his own by getting some outside help for art or
models. Here, for those who do not use any 2D/3D
modeling tool and sketch tools, we suggest to use free
assets that can be found in Unity asset store [41].

According to our previous experiences, we defined the
basic eight requirements of a video game as:

1. Minimum system requirements should be
acceptable and cost-effective

2. Game should not be too complicated however
should have a continuous challenge/reward
system and an interesting storyline

3. It should have a straight and funny game-play
with different difficulty options, and direct the
user using tips, minimap/radars (see Fig. 2-a),
etc.

4. Game states should be saved and loaded in a fast
manner

5. The game should have different visual setup
options, e.g. resolution, model quality, lighting
conditions, lightmaps, shadow conditions

6. Models, characters and sounds should be catchy

7. 3D models should consider level-of-detail (LOD)
concept in order to prevent more hardware
power usage

8. Testing process should be thorough

Any game without above given properties can be
considered unsuccessful in today’s game world. Even
though “Video Game Design and Programming” related
publications are still very limited in today’s world and
articles are generally web-based, we have deduced above
points with respect to our own experiences and
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observations together with these resources, e.g., [44-47]
that discuss some of these points. Therefore, we took
these points into consideration. Of course there are more
advanced settings that can be integrated in games, e.g. Al
agents (see Fig. 2-b). We propose to create intelligent
enemies for more realistic combat scenes.

Regarding the multiplayer games, one should be aware of
the difficulties in development. Nowadays, when gamers
talk about multiplayer games, they generally mean online
games during whose production a network programmer
should be very careful. Today’s technology allows many
people to use advanced networking technology to play
together over a great distance. This is the same
technology that allows to develop massively multiplayer
online games (MMOG) and allow players play their
games without time delay. For instance, Ryse is a
traditional multiplayer game. However, multiplayer
word is also used for locally played games, too. Different
than classical multiplayer games as in Ryse, we propose
to enable multiplayer mode locally and only for Kinect
puzzles at the end of the stages for small projects. By this
way, a small team of programmers will not spend time on
efficient network programming but also give the players
a taste of multi-playing mode.

Therefore, in addition to eight requirements we have
given before, we can add the requirements of a hybrid,
locally multiplayer Kinect game as:

e Alarge enough tracking area for Kinect in order
to allow more efficient motion tracking of two
players

e Multiplayer tracking integrity of Kinect and
Unity

e Zero necessity for Internet connection

e Additional testing for Kinect and multiplayer
mode

Kinect Integration and Testing:

In order to communicate with Kinect sensor, one needs
Kinect SDK and a HDMI cable. Kinect package takes the
Kinect data - human motion - from sensors and converts
it to character movements for Unity. It can convert and
use up to two characters at the same time which also
allowed us to generate our game. There are couple of
Kinect SDKs which are compatible with Unity. One
example is given in Figure 3.

Kinect skeleton data has 25 joints (see Figure 4). Our
suggestion is to track and analyze these joints and their
movements thoroughly. There are many researchers
who apply machine learning algorithms on Kinect data
for pose and gesture classification, e.g. [48, 49]. Since
Kinect V1 cannot detect finer movements and motion
capture is still not 100% accurate, applying learning
algorithms can ameliorate the results. However, since
our research focus is not machine learning, we directly
used our raw Kinect data.
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Figure 3: Kinect Mocap Animator [43] while being used
by one of our teams. This tool records user motions as
fbx animation clips. On the left, the created cube man is
shown from one of our scenes. On the right, tracked
human motion is converted to character movement.

Movements: In order to give walk and run movements
to the characters in a limited room space, some people
use treadmill systems, e.g. Virtuix Omni [34]. Due to the
fact that we do not have such a system, we applied a
simple equation in our program. Therefore, if Equation
(1) holds, this means that our character is walking or
running.

[kjper — kjpro] > threshold (D
where kjp stands for knee joint positon, t; and t, are
subsequent real timesteps in the game and threshold is
an empirical distance we decide according to the height
of the player. Speed of movement can be checked to
apply the same idea to running instead of walking.

A similar idea is also applicable for aiming the gun to the
enemy. This time, the wrist position in the Kinect
skeleton has to be checked to track the raise of it (please
see Equation (2) for the aim condition). Whenever a raise
is detected, a shot can be sent to the enemy. The
frequency of these shots are totally up to programmers.

[wip — hjp] < =2 (2)

In (2), wjp stands for wrist joint position, hjp for head
joint position and hlg for approximate head length found
using head and neck joints. Our parameter setup is
empirical and they are adaptable to different users.

Enemy-contact (combat): Other than walking, running

and gun aiming, enemy-contact can be resolved by
inserting colliders around joints and checking whether
the collider of enemy is in our trigger area or not with
respect to world coordinates. Unity provides different
collider mechanisms for this purpose.
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Figure 4: Kinect Joints on cubeman skeleton. 1-head,
2-neck, 3-spine shoulder, 4-shoulder left, 5-shoulder
right, 6-elbow left, 7-elbow right, 8-wrist left, 9-wrist
right, 10-thumb left, 11-thumb right, 12-hand left, 13-
hand right, 14-hand tip left, 15-hand tip right, 16-spine
mid, 17-spine base, 18-hip left, 19-hip right, 20-knee
left, 21-knee right, 22-ankle left, 23-ankle right, 24-
foot left, 25-foot right

4. Results

We developed a survival game (Figure 5) in which our
character is trying to escape enemy characters by either
walking or by driving and trying to solve the puzzles
using Kinect technology to pass each level. The game was
developed using Unity v5.5 in Windows 10 with C#
scripting language with a team of two programmers in 6
months period. In terms of hardware, we had Core i5
Processor, 8GB RAM with GTX 950M graphics card in our
workstation and used XBOX 360 Kinect v1.

Since our team does not have a 3D modeler, animator or
sound designer, we took the advantage of using Unity
Asset Store, e.g. city packs, car pack, weapon pack,
character pack and sound pack, since creating these 3D
models and sounds is not related to our research.

What we tested mainly can be found below:
e functionality
o mechanics: character, Kinect sensor, car
o Alagents
o menu items
o save state and reload
e performance

We have seen that using the approach described above, a
small team can develop a game with properly working
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Player |

Player 2

Figure 5: Multi-player mode is on for one of our quiz
scenes. Both players try to access the wall by running.

mechanics and interesting multi-player mode to enhance
the gameplay in a period of couple of months.

In terms of performance, even our hardware support was
not very advanced, we always observed at least 30
frames per second (fps) which is suitable for human-eye
and still seen in many popular video games. FPS was
higher for our other test machines with Core i7
Processor, 16GB RAM and GTX 970M or GTX 1060
graphics card.

In order to support our initial claim, we have ended our
work with an experimental study on a group of 23 active
game players / game programmers. 22% of the
respondents are female, whereas 78% of the group are
male. 26% of the respondents are in the age group of 21-
22 whereas other respondents are in the range of 23-24.
All respondents played the game in the same room under
the same conditions. According to the results, we have
seen that:

e 13% of the respondents prefer console games,
8% prefer mobile games whereas 79% of the
group prefer PC games.

e 22% of our group prefers single player games
whereas, 9% prefer MMOG (massively
multiplayer online games) and 69% prefer
playing multi-player games.

e More than 50% of the respondents play games
actively every day and 26% of them play games
at least 2-3 times a week.

e  When we asked the players how interested they
are in Kinect games (rates are in [1-5] range),
56% rated at least 4 whereas the rest is divided
almost equally in other range elements.

e The 50% of the respondents rated their
motivation during the gameplay as 5 (the max.
value in [1-5] range), 35% as 4 and 15% as 3
where there was nobody rated their motivation
aslor?2.

These initial findings show that our survey group is quite
suitable for our study. In addition, we have asked the
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respondents how they see themselves and which genres
they like most to give our readers a better idea. The
results can be found in Figure 6.

32%

20%

D
8%

B
8%

Figure 6: Top - Gamer type: How respondents see
themselves. A stands for “I consider myself a gamer
and willing to spend on games”, B for “I am a game
enthusiast and play often, spending on games suits
me”, C for “l am a gamer for exercise and I do not spend
too much on games”, D for “I like the social aspect of
games, | play with family or friends” and E for “I play
because I like competition”. Bottom - Genres: A stands
for “Action”, B for “Adventure”, C for “ Role Playing
Games”, D for “Sports”, E for “Strategy” and MOBA for
“Multiplayer online battle arena”.

In the second part of our survey, we have asked the users
the following questions and obtained the following
results. In order to estimate the central tendency, we
share the mean and median together with the standard
deviation of our data.

-If you have chosen A for question 6 (means prefer
single-player games) and A, B or C for question 7 (means
plays games at least once in 2-3 days or everyday), do you
think that this situation affects your social life in negative
way? On a scale 1 (least) to 5 (most), how interested are
you in playing Multipld games to ameliorate this
situation?



Gizem Kayar
An Approach To Develop A Motion-Sensitive, Locally Multiplayer-Hybrid (Multipid) 3d Video Game

o 72% of the respondents who answered this
question gave 3 or more points to this question.
Mean: 3, Median: 3, standard deviation: 1.18.

-To what extent did you find Multipld game more
engaging when compared to non-Kinect based
multiplayer online games -- 1(least) to 5 (most)?

e Only 20% of the respondents rated 1 and 2 in
this question where 80% of the respondents
rated at least 3. Mean: 3.22, Median: 3, standard
deviation: 1.08.

-To what extent did you find Multipld game more
engaging when compared to single-player games -
1(least) to 5 (most)?
e 65% of the respondents rated at least 4 where
the majority resides in rate 5. Mean: 3.7, Median:
4, standard deviation: 1.26.
-How much would you say you enjoyed playing the
game -- 1(least) to 5 (most)?
e 80% of the respondents rated at least 4 in this
question. Mean: 4.1, Median: 4, standard
deviation: 1.04

Finally, we asked the respondents about the multiplayer
subsections and the market potential of the game. The
results can be seen in Figure 7. We believe that this
survey is a good indicator about the potential of Multipld
games. The survey shows that majority of the players
believe in the potential of Multipld games, its
engagement capacity, power in enhancing gameplay and
also its market potential. Our survey’s raw data and
HREC approval can be found under:
https://www.dropbox.com/sh/yd36w520c268ldr/AAC
GjUgxlQx4PGNJLGFCseRja?dI=0

5. Conclusion and Future Work

We have presented an approach to develop a motion-
sensitive, locally multiplayer-hybrid 3D video game
which we name as Multipld. We have proposed a method
to accomplish such a work in a small team of
programmers. After our observations on the players, we
can state that the number of Multipld games can give a
competitive edge over existing single-player games
employing only traditional controllers. Our results show
that such a game with locally multiplayer Kinect mode
enhances the gameplay in a positive way. When we
asked the players, more than 60% have stated that
Kinect-based local multiplayer sub-sections improve the
engagement of game quite effectively. Besides, 87% of
the attendees stated that they like to see more Multipld
games in the market.

This approach can be quite interesting for start-up
companies whose concern is quick game development by
employing small number of programmers and content
creation artists. The idea can be interesting for also
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23%

NO
13%

YES
87%

Figure 7: Top: To what extent did you think
integrating Kinect-based local multiplayer sub-
sections improve the engagement of game -- 1(least)
to 5 (most). Bottom: Would you like to see more
Multipld games in the market?

large-scale companies due to the fact that since the
development of Ryse, the hybrid games is hardly found in
the market.

Our purpose in this study was to observe the players’
integrity in such a game environment. Therefore, all
attendees have played the same game under the same
physical conditions. We did not use a control group. In
the future, we plan to observe the differences in between
a standard group who play with all the capabilities of the
game and a control group who are using no motion
sensing devices. Since we have developed a specific game
type with its own attributes, we have created our own
survey to measure user satisfaction. In our next study,
we plan to use one or more of the popular engagement
scales, e.g. Immersive Experience Questionnaire IEQ,
Game Engagement Questionnaire GEQ/GEngQ, and
Player Experience of Need Satisfaction PENS scale in
addition to our own questionnaire. We believe that
meaningful data can be obtained also from such a study.
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Another direction can be to improve motion sensing
devices. Kinect v1 cannot detect small joint movements,
e.g. fingers, appropriately. For more accurate motion
tracking, Kinect v2 or Leap Motion can be used in the
future to develop more quizzes employing hand gestures.

Finally, it is an exciting outlook to integrate virtual reality
head-sets into our game during puzzle sessions in order
to increase the engagement of the player.
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