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Abstract: The aim of this study is to evaluate the usabilifythree table-top augmented
reality games, including Punch the Rats, Learningabulary and Animal Classifications.
The ten subjects of this research are all sixtligystudents of an elementary school in
New Taipei City. In order to evaluate the usabjlitye researcher uses the three usability
dimensions of 1S09241: “Effectiveness”, “Efficigricand “Satisfaction”. The results of
this study indicated that games with appropriatzlfeack design are more likely to be
quickly familiarized, and the girls need twice asa time as the boys do to understand
how to play the game. Users found the new stylatefaction very interesting, and would
like it to be applied to the learning of Englishcabulary, math, and nature science.
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Introduction

Augmented Reality (AR) brings the virtual objecttoi the real world where we live. It not
only provides a natural way to explore 3D objeait dlso makes the interaction between
human and computer more instinctive. With incregislavelopment in augmented reality,
it has been applied to digital games[5], educaipahd, medical rehabilitation [1].

Combining the see-through head-mounted display DfiMind the pre-defined
markers on a physical cubes, magic cube [7] prevElenew experience to the field of
interactive storytelling. Tangible cubes[4] is alsses HMD, markers and cameras to
develop an educational game for children to leayive endangered animals. The results
indicate that children enjoyed playing the AR gaieen though the children felt the real
game is harder than the AR game; however, theyepesf the AR game to the real one.
Without using the HMD, table-top AR game can bdized more simply with a camera
(or a webcam) and the pre-defined marker. GenMif]Jaand ARVe (Augmented Reality
applied to Vegetal field)[6] are designed basedhmm structure. Both of the AR games are
used to help the cognitive disabled children.

Although lots of AR games have been applied tanelgary education; nevertheless,
there is little research on the usability of tatdp- AR games. The aim of study is to
evaluate the usability of the table-top VR gamel tmknow the limitation and difficulty
when children are operating it.
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1. Method
1.1 Participants

The participants in this study were ten sixth gratiglents (five boys and five girls) in an
elementary school in New Taipei County. All of #tedents had played computer games
with an average of 1 to 4 hours a week, and haexperience with this type of table-top
AR games.

1.2 Experimental Design

In this study, three table-top AR games (see Figiré designed with a low cost webcam
and the pre-defined makers on the tangible piddesvirtual objects are display on top of
the markers on the screen in real-time and thedadtien is based on the physical and
direct interaction with pieces on the table. Ortee Mario is hit, the player will lose one
life. The goal of this game is to score as high@ssible.

* Punch the Rats: The game will be started when ltineet markers are pressed
simultaneously and five lives are given for eacimgaMario or monster will be
rendered randomly on top of each marker. The plggés one point each time he hit
a monster.

* Learning Vocabulary: Three squares are on top@btbard. If the player could place
the predefined words with their letters in correctler, the corresponding virtual
character will be displayed on the screen. For gtemn Fig.1(b), a cartoon cat is
displayed when three letters ‘C’ ‘A’ ‘T’ are placed the squares with the correct
order. That is, the objective of this game isnt@m@ge the letters in the proper order
to form the word. The game is still under developmenly four simple words,
including CAT, ACT, DOG and GOD, are implementedhis game.

* Animal Classifications: In this game, two differeegions, ocean and grassland, are
provided and can be switched by pressing the squitihethe word “Press”(See Fig.
1(c)). The square with the word}” is used in positioning the board only. Player can
place elephant or whale in the selected region byimg the predefined makers in
front of the camera. The purpose of the game iach students how to identify
animals and their habitats. That is, the elephlantilsl be placed in the grassland and
whale is in the ocean.

(a) Punch the Rats (b) Learning Vocabulary (c) Animal Classifications
Fig. 1: The three table-top AR games.

1.3 Procedure
The usability study included two phases. First, plagticipants were asked to play the
three table-top AR games individually and these emcould be played in any order in

which the participants wished to play them. They@ssigned task for the participants was
to understand the goal of these AR games withoutfarther instructions. Besides, the
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participants were asked to verbalize their thoughtgde performing the given tasks. The
task is considered completed when the participemiéd know how to play and correctly
verbalize the goal of the playing game. In orderobdain more objective results, all
participants had no opportunity to discuss theseses with each other and the entire
process of the experiment was recorded by videordec. Second, the participants filled
out the questionnaire individually after finishitige given task, and then a semi-structured
interview was conducted to understand more ab@&uptbferences and satisfaction.

1.4 Data Analysis

The efficiency was measured from the task compidiime, which is the time between the
beginning of the task (the participants start tlayipg) and the end (the participants can
correctly verbalize the goal of the playing gant&ce the participants had successfully
completed all assigned tasks, the effectiveness measured in terms of difficulties
encountered by the participants in playing the ganmstead of the error rates. The
satisfaction was obtained from the questionnaisealte and the semi-structured interview.

2. Results
2.1 Efficiency and Effectivness

Table 1 summarizes the average task completion foneeach individual game. The
results indicate that the participants spent l@se tin understanding the gameplay of
Learning Vocabulary and Punch the Rats comparelatoof Animal Classifications. For
Learning Vocabulary, these three squares offemglsi and intuitive cue, which makes
participants able to place alphabets in these tbgeares. Although, Learning Vocabulary
had the fastest average task completion time (MB8)2.but the participants feel
unaccustomed to play with the reversed alphabetkeacreen.

Punch the Rats is the most informative game. tvides clear and obvious
instructions for the players; for example, the gamilé start when the three markers are
pressed simultaneously; hence, the participantédcose less time to understand the
gameplay (M=89.30). However, the participants campthat their scores are affected by
the displacement of the board when they tabbingrbester.

Animal Classifications takes the participants marme to understand the
gamplay(M=208.30), because it does not providerciedications to guide the users.
Besides, the “Press” button sometimes does not.widirls error makes participants feel
confused and frustrated in playing this game, eegfly for the participants who choose
the Animal Classifications as the first game.

Table 1 also shows the average task completioa tonthe game with the playing
order. It is obvious that participants take momeetito understand the gameplay of the first
game, because they are all the first-time playEAFbgames. After having the experience
with the AR game, the participants, on average,seae about 50 seconds to familiar with
the gameplay of the subsequence games.
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Table 1: Average task completion time for each game

Average task completion time(seconds) standardhtien
Punch the Rats 89.30 99.786
Learning Vocabulary 72.80 49.213
Animal Classifications 208.30 102.207
The first game 158.60 118.805
The second game 106.40 115.343
The third game 105.40 74.126

Table 2 shows the average task completion timédgs and girls on playing these
games. The results indicate that gender will hameirdluence on the average task
completion time. For Punch the Rats and Learningaalary, boys (M=41.78,52.72)
spend less time than girls(M=128.61,90.11) in usideding the gameplay. This may be
relative to the boys’ existing gaming experiendesréfore they can acquaint themselves
easily with this new type of games. Hence, boyslditny different ways than girls to find
the solutions when encountering bottlenecks dutieggame.

For Animal Classifications, there is no obviouBalence between boys’'(M=209.67)
and girls’(M=209.44) performance. Lack of meanirgfstruction and poor designed
feedback are the causes of this phenomenon, beptsas will spend a lot of time to
explore the game.

Table 2: Average task completion time for each game

AR Games Gender| Average task completion time(secosd
Punch the Rats Boy 45.00
Girl 133.60
. Boy 55.20
Learning Vocabulary Girl 90.40
, e Boy 208.20
Animal Classifications Girl 208.40

2.2 Satisfaction

Two groups of five participants chose Punch thesRatd Learning Vocabulary as their
favorite games respectively. Being funny, easy taypand able to learn English
simultaneously is the reason why they chose thewweder, no one likes Animal
Classifications. It shows that meaningful instraotiand well designed feedback play an
important role to attract the attention of playeBeven participants regard Learning
Vocabulary as the easiest game to play owing to itiheitive user interface that
participants can easily perceive and understandt i) a table-top VR game with an
intuitive user interface is more likely to be acegpby the players.

Eight participants stated that the way to plag #ind of table-top AR games is not
difficult and they liked it. However, two participts disagree with it because poor
designed feedback, lack of meaningful instructiod arror recognition make them feel
frustrated. Most participants believe that thisckaf games is interesting, easy to play and
convenient but need accurate recognition and mganimstructions.

In addition, participants hope that the table-#dp games could be applied to more
learning activities. Seven participants advise thatdesigned AR games provide not only
learning vocabulary but also learning the sentestiaesture. Two participants suggest that
could the AR games be applied to mathematical iegrbecause it's difficult to learn
mathematics for most students. Their motivation ledrning mathematics may be
increased with the AR-based learning activitiese @articipant hopes the table-top AR
game can take the classification of plants intosaeration.
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3. Conclusions

In this study, three table-top AR games had beeplemented and three usability
dimensions of 1S09241 (effectiveness, efficiencyd agatisfaction) were applied to
evaluate the usability of these games. Althougleséhthree games are still under
development, the participants found the new stflmteraction very interesting and gave
us positive feedback and valuable suggestions aheae games. Learning Vocabulary is
regard as the easiest game to play due to thetivgtuiiser interface. Punch the Rats
provides rich and meaningful information for plagieBoth of the games are regarded as
favorite games by the participants. This shows titéit and meaningful instruction, well
designed feedback and intuitive user interface mayimportant role to attract the
attention of players.

As suggested by the participants, the table-top gaes could be applied to the
learning of English vocabulary, mathematics, antuneascience. As AR technology
hardware and software improve, we believe thatetlagplications can be realized with the
table-top AR technology in the future.
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