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Abstract—This paper presents an educational game which
aids learners with foreign lexicon acquisition while enter-
taining them at the same time. An overview over existing
language learning tools is given, and a general platform for
educational games for second language acquisition (SLA) is
described. It introduces a specific prototype video game
which teaches Italian vocabulary to the user. The applica-
tion puts learning at the core of its game mechanics and
combines it with a narrative and role-playing elements. In a
user study, the game is compared to two other learning
methods with focus on long term retention of vocabulary
and enjoyment of the exercise. The game is found to per-
form within 10% of the efficiency of pure vocabulary learn-
ing exercises, while being considerably more enjoyable to
the user.

Index Terms—Game Based Learning, Lexicon Acquisition,
Second Language Acquisition, Serious Games

L INTRODUCTION

Many people attempt to learn foreign languages over
the course of their lives, but only few ever achieve a level
of mastery necessary for fluent conversation [1].

There are numerous reasons for starting to learn a lan-
guage, such as cultural integration, learning as part of a
school curriculum, interest in foreign media, travel, etc.
[2]. Certain motivations for learning result in a higher
chance of success; as one might presume, students who
are intrinsically motivated to learn a language fare much
better than those who are forced to, or motivated extrinsi-
cally [3]. Some people may stop learning a language be-
cause they are no longer interested in it; however, many
would like to learn a language, but find the process of
learning complicated grammars and thousands of words
too bothersome. As the success of learning a foreign lan-
guage depends largely on the student’s motivation (Ushi-
da, 2005; Gardner, 2000), it can be assumed that a more
intrinsically rewarding method of learning languages
would lead a higher percentage of language learners to
success. One way to achieve this could be through serious
games, which can transform problems into intrinsically
enjoyable pastimes [4]. A serious game which teaches the
user a foreign language, while being fun at the same time,
could solve the issue of lacking motivation and thus help a
higher percentage of language learners reach fluency.

Both academics and industry have attempted to create
such games, which will be discussed in the next section.
However, most games either lack the attractiveness of
commercial games, or do not effectively teach the target
language.

This paper will introduce a game which attempts to
combine the intrinsically fun aspects of video games with

effective language learning. A prototype of that game has
been tested in a longitudinal study for user enjoyment and
long term retention of vocabulary. Finally, the usefulness
of the game will be evaluated, and future improvements
will be suggested.

II.  EXISTING EDUCATIONAL GAMES

Numerous attempts have been made at creating effec-
tive educational games, but only a few have tackled lan-
guage learning specifically. Most attempts can be catego-
rized into one of three groups.

A. Poorly Merged Games

A number of games exist which use gameplay as a re-
ward for learning, where learning itself happens outside of
gameplay. Figure 1 displays an extreme example': What-
ever amazing game starts when pressing “Play game” — it
will not change the fact that the user had to learn the
words in a boring and uninspiring fashion.

Other games in this category transition between learn-
ing and gameplay frequently to keep up the illusion that
learning is the game. The game displayed in Figure 2, for
example, is a version of the game “Shell Shock”, where
the player has to answer a question before every turn to be
allowed to continue playing”. This interrupts the game
which is fun with exercises which are not, and the player
hardly focuses on the target language.

Learn the words and then play the game.
Click on the speaker icon to hear the word spoken.

Animals

the butterfly I'ane |

the cat

le papillon | the donkey
the duck

the elephant

le chat | le canard |

the cow la vache | I'éléphant |

the dog le chien | the frog la grenoville |

the dolphin  le dauphin | the goat la chevre |

the horse le cheval |
the lion le lion |
the monkey e singe |
the pig le cochon |
the rat

the sheep

lerat !
le mouton |

the spider

Play game - text pp

(audio game temporarily disabled)

I'araignée |

Figure 1. Example of a poor merge between game and exercise

! http://www.digitaldialects.com/French/Animals_simp.htm
2 http://www.123teachme.com/games/tank/category/adjectives
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arbol

green tree

verdes

verdo

verda

Questions provided by 123TeachMe.com

XP QAN

XP| Menu

Figure 2. Example of interrupting gameplay

@0 Oo @o ®o @0 ©®2 1,575 energy points

WEEKLY GOALS

Practice skills:0/5

Mastery challenges: 0/5

MISSION PROGRESS
Figure 3. Example of badges and progress bars

B. Gamification/Skinner Boxing

Gamification is the process of applying game mechan-
ics to non-game subjects [5]. The aim is to make serious
tasks as engaging as playing a game, where learning is
stimulated in a fun environment.

An example is Khan Academy’, which offers multiple
courses packed with points, badges, achievements, etc.

In reality though, gamified products rarely reach the en-
tertainment value of games, nor do they stimulate the
same level of engagement. Usually, gamification takes a
complete process or product, and adds operant condition-
ing in the form of points, badges, visual rewards, competi-
tion and level progression (Figure 3). This does help mo-
tivate the user to keep playing and to return to the product
regularly; however, only extrinsic motivation is achieved,
and the act of using the product itself is still as tedious as
before. None of the intrinsically fun parts of games are
transferred. It is certainly a step in the right direction, but
reaches only part of the potential of educational games.

C. Playful Interaction

There are a few applications which use language learn-
ing as the gameplay itself, rather than attaching it to an
existing game. One of them is “Word War”, a game creat-
ed to teach Mandarin Chinese vocabulary to students. It
was compared to the traditional methods of using flash

3 http://www.khanacademy.org
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Translate this text

They eat our candies. »  Loro mangiano le nostre caramelle

uuuuu

You are correct

Report a Problem Discuss sentence (3)

Figure 4. An Italian exercise from Duolingo

cards for vocabulary acquisition, and not only was per-
ceived by users as more enjoyable, but also performed on
par with flash cards in terms of long term retention of the
learned words [6]. Unfortunately, most such games are of
poor production quality and would not hold against com-
mercial products in terms of entertainment [7].

An excellent example from this category is Duolingo®,
a website and mobile application which is hardly recog-
nizable as a game (Figure 4). It uses a bare minimum of
extrinsic motivation, and instead makes the learning itself
engaging through a good difficulty curve, immediate
feedback, and a variety of exercises. In a study of Spanish
learners using Duolingo, it was found that 34 hours of
using the app prepared users as well as one college semes-
ter of Spanish in the US [8].

III. DESIREABLE GAME FEATURES.

This playful interaction combined with a narrative
which will keep the player engaged to the point of
continued playing is the goal of the proposed game. The
next section will describe a general outline of criteria
which such a game would need to fulfil.

A complete learning solution should be able to lead the
player from no knowledge of the language to a state where
they can read, write, listen to and talk in the target lan-
guage. It thus has to teach both the grammar and lexicon
to the learner. At the same time, the game must keep the
player engaged and interested, so that each play session is
enjoyable, and motivation to complete the studies is add-
ed.

IV.  LEXICON ACQUISITION

Second language lexicon acquisition is the process of
learning a collection of lexical entries which are part of
the foreign language. These entries, notably, are not simp-
ly words but also attributes associated with it such as
pronunciation, meaning, use, etc.

It is thus not enough to simply learn words without
knowing the context in which to use them, or the rules
governing their use. A lexical entry, or lexeme, includes
amongst others (Hulstijn, 2001):

* Morphonology

* Orthography

* Prosody

* Semantics

* Pragmatics

4 https://www.duolingo.com/
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A Lexical Entry

Meaning

Form

Figure 5. A lexical entry (Adaptation based on Levelt, 1989)

A. Morphonology

To completely teach a lexeme, the game must cover all
morphological forms of that entry. To use all of them in
gameplay, the user must either be prompted to derive
inflected word forms himself depending on context, or the
card must randomly assume one morphological form and
the user puts it into the suitable context.

The word “stem” could be taught individually as a one-
to-one translation of the corresponding English lexeme,
but in order to properly teach the morphological changes
depending on context, the lexemes should be used in sen-
tence-structure. One way to achieve this could be prompt-
ing the player to write entire sentences rather than simply
translations of single lexemes. Using incorrect inflection
could result in a lowered score, though the user could still
get positive feedback for what they did correctly.

B. Orthography

Orthography is perhaps the simplest and most self-
explanatory aspect of the game. All words are conveyed in
written form and thus associated with their correct orthog-
raphy. To effectively link the orthography to phonetics,
words should be read aloud, and irregularities of the lan-
guage must be pointed out.

C. Prosody

The rhythm, stress and intonations of words in context
are very difficult to convey through a generative learning
program. While ideally sentences would be read back to
the user with correct prosody according to context, this is
a technical impossibility at this time. Rules of prosody can
be explained in separate specific lessons, but are difficult
to integrate into the core gameplay since the computer can
neither generate nor evaluate this aspect. Research in this
field is progressing, and future iterations may be able to
include appropriate features (Al Moubayed, 2009; van
Santen et al., 2003)

D. Semantics

Semantics need to context to be properly conveyed.
For lexemes which denote things (e.g. nouns), the basic
semantics are easily conveyed through pictures,
translations, etc. The semantics of lexemes denoting
actions or attributes are more difficult to convey. Ideally a
game should use them in a metaphorical way which
resembles their meaning in the context of gameplay.

To properly teach the semantics of different lexemes, a
game might need different gameplay at different stages of

the game, so that all words can be introduced in a context
where they make sense.

E. Pragmatics

Pragmatics should be implemented through the use of
multiple simultaneous media channels. When a lexeme is
presented, it should be accompanied by pictures and
voice-overs, animations, and other context-providing
clues. While this might not be the most accurate represen-
tation of real world pragmatics, it allows the user to over-
come ambiguity within the game. Situations which allow
for multiple interpretations should in any case accept all
possible answers as correct.

V. GRAMMAR

Traditionally, grammar in second language acquisition
(SLA) is taught by explaining a rule, and then having the
learner practice it on examples until the rule is internal-
ized.

This is in opposition to how children acquire languages:
They are simply exposed to so many instances of the
grammatical rule in context, that they internalize the rule
without explicit knowledge of it. Some teaching methods,
like Duolingo, adopted this approach. They integrate new
grammatical rules into exercises which the user already
knows, and have the player memorize a number of in-
stances until they themselves generalize a rule.

It is unclear which method is more effective in SLA
[10], but for any playful purpose the integrated approach
would be more desirable. Explicit grammar lessons inter-
rupt the game flow, and are seen a boring necessity to
continue. Educational games should keep these interrup-
tions to a minimum, and try to convey as much infor-
mation through gameplay itself.

A. Interlanguage

Everything the leaner knows, or thinks they know,
about the target language, is referred to as the interlan-
guage [11]. The interlanguage continuum is essentially a
completely new grammar which is created by the learner,
and constantly changes as the learner attempts to construct
the grammar of the target language [12].

An educational game can track every mistake the player
makes, and can thus calculate a fairly accurate account of
what the interlanguage encompasses. All sections of the
game should have a variable length, so that players will
not move past grammatical rules which they have not fully
mastered.

If the game registers the player’s native language, pre-
dictions about common errors can be made even before
they start playing, and concepts which are intuitive to
speakers of similar languages can be explained in more
detail to those who do not have the prior knowledge.

B. Construction of Sentences

Grammar, and the context-sensitive aspects of lexemes,
will be best taught if exercises include entire sentences
rather than single words. Unfortunately, it is much more
difficult to procedurally generate such exercises, and even
more difficult to correct them.

The generation of such exercises could be done by cre-
ating exercise patterns which switch out a number of
words. Lexemes could then be tagged according to which

http://www.i-jet.org
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exercises they can be used in, and the generator randomly
picks valid words which are known to the player.

Correcting the answers to such generated problems is
more difficult. Players must be allowed some freedom in
how they structure their answer, to encourage creative and
autonomous thinking in the interlanguage. However, it is
not easy to create a parser which understands synonyms,
alternative word order, etc. A balance must be struck
when designing the tasks of the player, so that the possible
answers are manageable.

VI. METHODOLOGY

Any educational game should be built on a basic under-
standing of cognitive sciences, and a specific knowledge
of applied linguistics. Every part of the game should be
designed in a way that stimulates learning as much as
possible.

A. Multisensory output

Information is best embraced when receiving it through
multiple senses [13]. Ideally a game will use multiple
channels of information at once, or alternate between
them. (Such as having a voice pronounce a word to the
user while presenting the written from).

Even when the game cannot meaningfully integrate all
aspects of a language into the gameplay, it may still help
to add abstract information. Visual and audio cues should
be combined whenever possible. If technology ever allows
to effectively convey additional sensory information, it
might further help to increase brain stimulation.

B. Spaced Repetition

In order for information to be remembered in the long
term, it must be recalled at given intervals. A game has a
unique advantage here, as it can track precisely when the
user has last used each word.

From the time a word is first introduced to user to the
time it is considered mastered, a spaced repetition system
combining the Pimsleur method [14] with the Leitner
system [15] should be used.

Once the user acquired a new lexeme, their mastery of
this lexeme starts at 0. Reaching a mastery of 1 would
assume perfect knowledge of all aspects of the lexeme.
The mastery of a lexeme is the average of the mastery of
all sub-aspects of this lexeme, each having an individual
mastery rating.

Correctly using any lexeme in any exercise increases
the mastery rating of the appropriate aspects of the lex-
eme. Using it incorrectly reduces mastery. The lexeme is
presented less frequently to the user as the mastery level
rises, ensuring that complete mastery can only be achieved
after a long period of time and not through short-term
retention.

Unlike the Leitner system, failing to use a lexeme cor-
rectly should not reset the mastery to 0, but rather de-
creases it by a variable amount. Between play sessions,
mastery should decay automatically for any word not
completely mastered, so that players who return after a
pause will first review words they might have forgotten
before moving on to new ones.

1IJET — Volume 10, Issue 1, 2015

C. Operant conditioning

The lesson from gamification is that, while it may not
be enough in itself, it does help tremendously in extrinsi-
cally motivating the player. Rewarding the player a little
after every action, if only with a positive sound effect or
small animation, supplements the core gameplay and
drives the player to continue.

Creating daily challenges which result in high amounts
of ingame rewards, will push the players to return to the
game regularly. Visual representations of the progress
made so far can remind the player that what they do is
meaningful.

VII. COMPLETED PROTOTYPE

For the purpose of this paper, a simple game prototype
was created. To keep a reasonable scope, the prototype
only teaches vocabulary, specifically only orthography
and phonetics of the lexicon, which is a large and complex
problem in itself.

In the game, the target language (Italian) is the lan-
guage of magic, and the player must learn the words in
order to perform magic spells with them. As a wizard
apprentice, the player goes on a quest to master the magi-
cal language (Figure 6).

The player learns four different abilities, which all rep-
resent a different learning method. Using those abilities,
the player can defeat opponents and progress in the game.
Some gameplay conventions are borrowed from the role-
playing genre (Figure 7).

'y |
=N _help with:

Figure 6.

Tentanio Tandem' is the
AWz most difficult, buf also"

w the most powerful spsil

Figure 7.
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The four abilities are: same time. For that purpose, the game prototype was

compared to two other methods for lexicon acquisition:

¢ Pick correct translation from three choices

* Quickly translate the word while the correct transla-
tion is slowly revealed

* Write down the word after hearing it
* Translate from English to the target language

Flash cards and the website memrise.com.

The three different learning systems were compared in
a longitudinal study over the span of three weeks. The
participants attempted to learn 27 Italian words (W),
grouped into three sets:

Each of these abilities works with all lexemes which the W, W, W;
player has to learn. The player can choose yvhich ability Noun la mattina la sorella Pisola
they want to use next, but the lexical entry is chosen de- la scuola la spiaggia il progetto
pending on a spaced repetition algorithm. In this proto- il fratello il monte la barca
type, the algorithm is extremely simplified: Verb suonare amare piovere

regalare spedire chiedere
W o=1—-M cambiare accettare evitare
" " Adjective meglio pulito peggio
w facile matto chiuso
P = n divorziato autoritario diretto
" = Wi In the first two sessions, participants used each method

Where for lexeme n: W, is the weight, M, the mastery,
and P, the probability to be chosen next.

-

s

I —

£,
o i

Tentamo Tandem v
.
Samply transiate the word.
The most stralghtforward and most powerful sp:

Figure 8.

The player practices on target dummies until they have
learned the four abilities, and then moves on to fight an
opponent. As the player masters some of the words, new
ones are unlocked.

Lexemes in the game are represented as collectible
cards, to tap into the human desire of completing
collections [16]. At all times the player can check their
progress, to see how far they have come.

The game was designed to have the player actively
learning as much as possible. As such, dialogue between
gameplay is short, and the choices the player makes are
directly related to the study material.

Learning vocabulary is the gameplay itself: The players
do not ever have to study before they can continue, but
rather learn while playing.

The spaced repetition of lexemes creates a comfortable
but challenging flow to the player: New words are not
introduced if the player still struggles with the ones they
have, yet they equally are not allowed to continue using
words after having already mastered them.

VIIL

The user study verified whether the game fulfills its
goal: Teaching effectively while being entertaining at the

USER STUDY

for 10 minutes, and completed a test of the learned words
immediately after. In all three sessions all 27 words were
tested in the beginning to test long term retention.

The 12 participants were put in one of three groups g =
{A, B, C}. Each group would use all three methods and
learn all 27 words, but each group had a different set of
words through the same method. Each group also used the
methods in a different order, so that potential advantages
gained through sequence or easier to learn words would
not affect the rating of any learning method.

Group A, for example, followed this schedule:

Session 0:
Activity: |Test0 |Game |Test |Flash |Test |Memrise |Test
Time: 0 10min |0 10min |0 10min 0
Words: w W, W, W, W, |W; W;
Session 1 (One week later):
Activity: |Testl |Game |Test |Flash |Test |Memrise |Test
Time: 0 10min |0 10min |0 10min 0
Words: w W, W, W, W, |W; W;
Session 2 (One week later):
Activity: |Test2
Time: 0
Words: w
Whereas Group B had the schedule:
Session 0:
Activity: |Test0 |Memrise |Test |Game |Test |Flash Test
Time: 0 10min 0 10min | 10min 0
Words: w Wz Wz Wg, Wg, W1 W1
Session 1 (One week later):
Activity: |Testl |Memrise |Test |Game |Test |Flash Test
Time: 0 10min 0 10min | 10min 0
Words:  |W W, W, |W; W;  |W, W,
Session 2 (One week later):
Activity: |Test2
Time: 0
Words: w

During the tests following immediately after using a
learning method, the participants were also asked to rate
their enjoyment of the last method on a Likert-scale from
0 to 8.

For each test, the participants were given a list of the
English translations of the particular word group. They
were then asked to write down the Italian translation.

http://www.i-jet.org
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Test0 was given to participants before any learning oc-
curred, to check whether prior knowledge exists. Testl
and Test2 consisted of all 27 words for the user, but were
broken down into three subtests for analysis of each meth-
od’s performance.

All participants were students living in the Netherlands
between the ages 18 and 27. None had studied Italian
before.

During gameplay, the game also collected metrics about
the player, recording for example how often each spell
was chosen and the success rates for individual spells and
words.

IX. RESULTS

The results of the long term retention tests, which were
administered one week after the last exercise, put the
game slightly below flash cards and Memrise. After two
weeks, participants remembered on average 6.08 words
learned through the game, 6.25 words learned through
flash cards and 6.58 words learned through Memrise (Fig-
ure 9).

Noticeably, the game scored better than flash cards after
the first week with 2.83 words versus 2.75 words through
flash cards; however, both these methods performed far
below Memrise through which users remembered 3.75
words after the first week (Figure 10).

The game scored considerably higher in user enjoyment
than the other methods, with 6.92 compared to 4.42 (Flash
cards) and 4.55 (Memrise). Both other methods decreased
in their rating from the first to the second week, whereas
the game stayed consistent (Figure 11).

At the end of each session, users were also asked which
method they would prefer using if they were to start learn-
ing a new language. The game was most often picked as
first choice in both weeks. Memrise, which was voted as
first choice by just one participant less than the game in
the first week, was rated lower in the second week. Partic-
ipants reported it to feel repetitive.

Additional results are attached as Appendix 1.

1. CONCLUSIONS

The prototype performed above expectations in regard
of long term retention of words. The tests in the user study
only assess the user’s ability to correctly write the word,
as that was the only aspect which could be compared
across the three methods; however, the game also teaches
the phonetics to the user at the same time.

Considering that the user spends a small fraction of
gameplay on tasks which do not relate to the target lan-
guage, it is possible that no version of the game could ever
reach the efficiency of a direct learning application such
as Memrise. Yet, as has been demonstrated, it can come
very close to the same efficiency while being considerably
more entertaining. Assuming that students would spend
more time with a more enjoyable method of study, the
game could prove more effective in teaching a language to
the user, who might be less likely to drop their studies
before reaching a conversational level.

Though it would appear that the enjoyment of the game
stays high, while that of other methods declines over time,
two sessions are hardly enough to make any conclusive
statement. Participants reported enjoying beating the final

1IJET — Volume 10, Issue 1, 2015

Long term retention

B Week0

— B Week1

38

Week2

Game Flash Cards Memrise

Figure 9. Results of the tests administered one week after the previous
learning session.

Enjoyment of Methods

B Week0

B Week1

o N B OO

Game Flash Cards Memrise

Figure 10. User reported enjoyment of the specific methods on a Likert
scale from 0 to 8

User's first choice

B Week0

B Week1

o N b OO

Flash Cards Memrise

Game

Figure 11. First choice of users

opponent in the game, which might result in the high rat-
ings for the second week. The game may have to keep
presenting novelty to keep the user engaged, which is a
considerable effort over the entire time span of a language
study.

A future prototype will have to prove whether the game
can effectively teach grammar and the remaining aspects
of lexemes to provide a complete language learning solu-
tion.
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