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Abstract: This paper is a report on the development of a gamificational experimental platform. The
platform was originally developed as an English vocabulary building application, named KCCT
Vocabulary Builder. The objectives of this application have not been only to build the vocabulary,
but also to analyze the learning behaviors in order to enhance the students' learning experiences.
Our  latest  development  has  successfully  incorporated  a  fighting-game-style  education  named
“Battle Mode (multi-player mode)” on top of the conventional “Single Mode (single player mode)”
and an avatar encouragement according to each student's learning performance. By utilizing this
latest platform, we have proved that students' learning behaviors can be analyzed in connection
with the gamificational concepts based on some inconscient biological data, including brainwaves,
eye blinking points, strength, and physical movements of the smartphone as an indicator of the
smartphone's holding stability.

Introduction

Recently EFL (English as a Foreign Language) learning has become an essential  requirement for most
engineer  candidates  in  many  countries,  as  global  cooperation  and  collaboration  have  become  a  significant
responsibility for engineers. In our college, which has been established and dedicated to young engineer candidates
after  completing  9th  grade  through  14th  grade  with  a  five-year  intensive  course,  successful  students  earn  an
associate degree. In the department of electrical engineering, about a half of them become engineers in variety of
major  companies,  including  Panasonic,  Canon,  Mitsubishi  Electric,  and  other  electronics  companies  after
graduation. Another half of students continue their study for an additional two years in our college as advanced
course students or by entering other universities as junior students, to earn a full bachelor degree that allows them to
enter any graduate school.  For those youths who designated their career in engineering in their younger days, EFL
learning is a rather difficult subject, as their mother language has also not yet matured. As their performances in
engineering subjects are exemplary, most of them have a tendency to prefer technical activities rather than training
on  their  English  communication  skills.  Considering  these  circumstances,  in  order  to  fulfill  the  emerging
responsibilities to train our students as engineers ready to collaborate globally, we have developed a novel approach.
In  this  approach,  we can  utilize our  students'  familiarity  with ICT technologies  to  build our students'  English
vocabulary, as the importance of vocabulary building is receiving more attention these days.

Meanwhile young engineers’ QRP (Quick Response Performance) is believed to play an important role in
developing their communication abilities, according to the last author’s* previous experience as a leading engineer
in a global electronics company. We assume that exercising QRP in EFL learning should enhance the development
of  their  skills.  That's  why  the  authors  developed  an  English  vocabulary-building  application  named  KCCT
Vocabulary Builder, using smartphones linked with a cloud data server.(KCCT stands for Kobe City College of
Technology.) Smartphones equipped with a touch panel display are a convenient mobile platform which allows us to
deliver a question with multiple-choice answers. As students do not have to operate any keys or pointing device and
can choose the answer just by touching the particular choice, the developed platform has allowed us to measure an
accurate response time for each answer choice. Those response times are accumulated automatically onto a cloud
data server, and we have reported the findings that revealed our students' English vocabulary-building process in
comparison with students in other countries at eLearn2011.1)

Furthermore, we have utilized the brainwave sensor Mindwave Mobile, made and supplied by NeuroSky
Inc. and commercially available, to obtain real-time biological information in order to measure the student's mental



response data, in terms of attention (the degree of concentration) and meditation (the degree of relaxation), and
reported the findings on our students' attention characteristics at eLearn2013.2) The attention and meditation data are
calculated  based  on  the  brainwave  processing  that  is  the  proprietary  technology  developed  by  NeuroSky  Inc.
Though the system uses only a single dry electrode without any conductive gel at the forehead of the examinee
(student),  many research  articles  have already reported  that  its  usefulness  is  comparable  with the conventional
methods using conductive gel,3) that the system can discriminate between reading easy and hard sentences,4) that it
can assess a cognitive load,5) and that it can indicate an individual's emotional change in terms of the attention and
the meditation levels.6)

Moreover,  in  order  to  utilize  the  students'  listening  experiences,  we  have  successfully  incorporated  a
listening mode on top of the reading mode in our KCCT Vocabulary Builder, and developed it as an experimental
platform for  English  vocabulary building.  The platform was  carefully  redesigned  for  a  little  bit  larger  popular
smartphone (Google's NEXUS 7-inch tablet), and reported in our former papers.7-8)

In  this paper,  further  development  of  our KCCT Vocabulary Builder  as a  gamificational  experimental
platform  is detailed, especially in order to look into the possible effects on the students' learning behaviors in a
fighting-game-style  learning  compared  to  the  conventional  solo  learning,  as  well  as  the  effects  of  an  avatar's
encouragements according to each student's learning performance. Aiming to fully utilize the pervasive popularity
of  all  sort  of  games  on smartphones,  many efforts  have  been  carried  out  as  well  known as  gamification.  The
developed  application  can  accumulate  not  only  our  students'  learning  performances  but  also  some  learning
behavioral data, together with some inconscient biological data, including brainwaves, blinking points, strength, and
physical  movements of the smartphone as an indicator of the holding stability.  In  general,  blinking behavior is
known to be affected  by concentration.  Also, if  the smartphone's  holding stability is  affected by the degree  of
concentration, we can access meaningful concentration data without using a brainwave sensor, by just monitoring
the  physical  movements  of  the  smartphone  using  the  built-in  gyroscope  and  accelerometer  with  which  most
smartphones are equipped. All of those data were accumulated onto a cloud data server, and the data were proven to
be able to be analyzed in order to unveil the possible effects on students' learning behaviors in connection with the
incorporation of gamification, including fighting-game-style education and avatar encouragement.

Development of the system

In order to realize a practical implementation to conduct the educational experiments based on the QRP
exercising assumption, an English word definition was displayed together with four possible answer choices in our
former implementations as reported at eLearn2011 and 2013.1-2) We have also added the listening training function
in order to utilize our students' listening skill on top of the reading skill7-8), as the listening skill is believed to play
an important role in any language learning. In the development reported in this paper, we have successfully added a
new fighting-game-style learning named “Battle Mode (multi-player  mode)” on top of the conventional “Single
Mode (single player mode)” and an avatar encouragement according to each student's learning performance. In the
battle  mode,  two devices  connected  through  Bluetooth  work  together,  two students  can  participate  an  English
vocabulary learning together.

           Fig.1. User interface for the listening mode                   Fig.2. System diagram of the developed platform



As  shown  in  Fig.1,  an  animated  avatar  is
incorporated on the screen in order to accompany with
the  student.  The  avatar  shows  her  smile  for  good
performance, or her anger for bad performance (see the
right  avatar  in  Fig.5),  in  order  to  encourage  students
according to their performances.

The  system  diagram  of  the  developed
experimental  platform  is  shown  in  Fig.2.  Using  the
developed platform, two students can use his/her device,
but they can compete each other like a fighting game. As
the  problem  data  with  the  answer  options  are  shared
through  Bluetooth,  the  same  problem is  delivered  for
both students.  Once the one of the student choose the
correct  answer,  his/her  device  recognizes  it  and  make
his/her score +1, while his/her opponent's device make
his/her score -1, as his/her counterpart's correct answer is
shared through Bluetooth simultaneously.

The  user  interface  is  more  detailed  in  the
captured screens shown in Fig.3-5. As the identical user
interface is  shared in both students,  both students can
start  the  fighting-game-style  learning  by  touching
“START” button as shown in Fig.3. Also, after the start,
all  questions  and  answer  options  are  displayed  in  the
same manner as shown in Fig.4.

Fig.5 shows the user interface after the student
using the left device choose the correct answer.  On the
left screen, the student's score got +1 and the student can
commence the next question by touching the “NEXT”
button. On the other  hand, the student using the right
device  got  -1 for  his/her  score,  and the avatar  on the
right  screen  shows  her  anger.  For  further  worse
performances, the avatar tries giving a kick, turning her
back, and finally returning back to her home.

The developed system is more detailed in Fig.6.
Right after the start of the applications, both devices are
waiting for touching the “START” button. The touching
the “START” button makes itself  onto the host  mode
which set a problem word and answer options by itself,
while making the another device onto the client mode by
sending the “Started” message through Bluetooth to the
another  device.  In  the  client  mode,  the  device  set  a
problem word and answer options just according to the
data received from the host device through Bluetooth.

After  setting  a  problem  word  and  answer
options,  both  devices  are  waiting  for  choosing  the
correct  answer.  Once  one  student  choose  the  correct
answer on his/her device, the device will move onto the
host mode in the next turn, while the another device will
move  onto  the  client  mode.  Together  with  the  sore
managements (+1 or -1 according to the results) and the
avatar  managements  (changing  the  avatar's  emotions
according to each student's performance), these operations continue until the learning time is expired. The learning
time as well  as the listening (announcement)  speed can be set  in the setting menu in advance.  All  of the both
students' inconscient biological data, including brainwaves, blinking points, strength, and physical movements of the
smartphone, is recorded and accumulated onto our cloud server to be analyzed, together with the all problem words
and the answer response data.

Fig.3. User interface before the start

Fig.4. User interface after the start

Fig.5. User interface after the correct answer



Fig.6. Flow chart of the developed experimental system

Fig.7. An example of the both students' data in the battle mode



An example of the recorded data is shown in Fig.7. Both students' data can be compared in terms of all
accumulated data. In this chart, each problem word is changed to the next problem word at the dotted line timing,
where  “Correct”  indicates  that  the particular  student  chose  the  correct  answer,  while  “Skip”  indicates  that  the
another student chose the correct answer. The Eye blink data is shown by the blink strength bar, where the position
represents the timing of each blink, and the length of the bar represents the relative strength of the blink.

Experiments and findings

In order to analyze the students' learning behaviors in connection with the gamificational concepts in order
to realize more efficient learning experiences, the developed experimental platform was used practically for our 5 th

grade students and advanced course students in our college with our standard experimental conditions as detailed in
our former papers.1,2,7-8)

First of all, we confirmed the fact that all of the students' inconscient biological data, including brainwaves,
blinking points, strength,  and physical  movements of the smartphone, were recorded and accumulated onto our
cloud server. All of those data were confirmed to be analyzed as we have reported in our former papers. On top of
that, we have confirmed that our newly developed platform successfully allows us to carry out some additional
comparisons in terms of the fighting opponent's existence. The system enables us to compare the data for the “Battle
mode (multi-players mode)” with the data for the conventional “Single mode (single player mode).” An example of
a student's attention data is shown in Fig.8. In general, on the course of 5 minutes learning trial, it is difficult to keep
a high attention in the conventional “Single mode.”, which we have observed as a general tendency everyday. But in
this example shown in Fig.8, the identical student's data for another 5 minutes with the “Battle mode”, shows even
an increase of attention on the course of 5 minutes learning trial. Although it can not prove this tendency as a
general  fact as which is just a data for a student, our developed system has been surely proven to be used as a
experimental platform to analyze this sort of students' learning behaviors in connection with some gamificational
concepts including a battle-game-style learning against the conventional solo learning.

     Fig.8. An example of a student's attention data                   Fig.9. All attention data depending on the situation

Furthermore, the comparison between the attention data against response time when the student got the
correct answer and the attention data when the opponent got the correct answer, was plotted in Fig.9. Although we
all see the general tendency everyday, where the attention decreases in general along with the response time, the
data was scattered totally, because this particular data includes all answer choices, regardless it's correct or wrong,
the word's level, parts of speech, and length of the definition, so that the basic level of attentions is not consistent to
be compared equally. Even with these scattered data, the result implied that the decrease of students' attention after
achieving the correct answer is larger than the decrease after his/her opponent achieves the correct answer. Although
it can not be proven as a general fact only by this data as which is scattered totally, our developed system has been
surely again proven to be used as an experimental platform to analyze this sort of students' learning behaviors.

Meanwhile, as other students'  inconscient biological data examples, the eye blink data along with the total
learning trial time(5 minutes in this paper) and the response time for each answer choice were plotted in Fig.10 and
11, for the “Battle mode” and the “Single mode”, respectively. Although these data show the average level of eye
blink  frequency  is  smaller  for  the  “Battle  mode”  compared  to  the  “Single  mode”,  possibly  implying  more
concentration  on  the  learning  trial,  we  believe  we  need  to  carry  out  furthermore  experiments  using  our  new
developed platform before concluding anything. But we have been totally convinced that the developed system can



be  used  practically  to  analyze  the  students'  learning  behaviors  in  connection  with  the  gamificational  concepts
including a fighting-game-style learning as well as an avatar encouragement system.

 

        Fig.10. An example of blink data in “Battle mode”             Fig.11. An example of blink data in “Single mode” 

Summary

We  have  newly  developed  gamificational  experimental  platform  as  an  English  vocabulary  building
application based on the Android smartphones (Google's NEXUS 7-inch tablet) named KCCT Vocabulary Builder.
The objectives of this application have not been only to build the vocabulary,  but  also to analyze  the learning
behaviors  in  order  to  enhance  the  students'  learning  experiences.  Our  developed  system  has  successfully
incorporated a fighting-game-style education named “Battle Mode (multi-player mode)” on top of the conventional
“Single Mode (single player mode)” and an avatar encouragement according to each student's learning performance.
By utilizing this platform, we have proved that students' learning behaviors can be analyzed in connection with the
gamificational  concepts  based  on  some inconscient  biological  data,  including  brainwaves,  eye  blinking  points,
strength, and physical movements of the smartphone as an indicator of the smartphone's holding stability.
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