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ABSTRACT

Motivation is considered one of the most importaspects

in learning. Mobile game-based learning applicatioffer
learning opportunities to keep the learner engagaed
motivated. This study examined ZooQuest, a mohdlmey
that supported fifth graders in the process of rigay
English as a second language. ZooQuest embedded the
Mobile English Learning (MEL) application and was
compared to MEL as a standalone application. Tveugs
were compared in a quasi experimental pre- andtgsist
design. The first group had English lessons at gichsed
the MEL application at the zoo and used the MEL
application at home for 2 weeks. The second gralelys
used the ZooQuest application at home for 2 weEKth
graders that used the ZooQuest application sperd titoe

on learning at home than fifth graders that uses NHEL
application and obtained significant better leagniesults
on the posttest than they did on the pretest. TowQiest
application demonstrated its benefits in the pcactof
language learning outside school.

Keywords:mobile learning, serious games, motivation
1. INTRODUCTION

The study Mobile English Learning: an evidence-based
study with fifth gradersby Sandberg et al. (2011) has
demonstrated that fifth graders are motivated donevith a
mobile application on voluntary basis. This apglma, the
MEL application, was used outside the usual legnin
environment of the student and led to better resultthe
practice of English language learning. Sandberd. ¢2011)
concluded that formal learning at school can beaaoéd by
informal mobile learning, outside school. Mobilearging
brings new technology into the classroom whereleaener
“takes advantage of the learning opportunities reffeby
mobile technologies” (O’Malley et al., 2003). Mabil
learning supports the learning process and fostéearning
approach which uses different types of learningviiets
(Savill-Smith, Attewell & Tribal, 2006).

The MEL application demonstrated its benefits ire th
process of language learning, however, within 1$sdaf
monitoring, the number of students using the appbn
decreased, as well as the average playtime peerstuthe
study by Sandberg et al. (2011) did not examine wiey
students used the application less and less one¥ &nd
whether they would be motivated over a longer ki
time. To strengthen the practice of informal leagnivith a
mobile application, learners must be motivated. Abite
application in the style of a serious game canrdfarning
opportunities to keep the learner engaged and atetiv
Serious games are concerned with the use of gaores f
purposes other than mere entertainment or fun aed a
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applied in various fields such as defense, edutatio
engineering and health care (Susi, Johannessonc&lBa,
2007). To narrow the scope, the concept of digiine-
based learning (DGBL) will be used, which integsate
education, learning and games. Prensky (2001)ssthts
digital game-based learning is successful due facfors:
game motivation, which seduces the learner intogdume
and secondly, the learning methodology, which ist,fa
effective and ‘un-school-like’. Both factors shoulde
considered in a digital game-based learning enwiemt.

This study is based on the suggestion by Sandber. e
(2011) to improve the Mobile English Learning apation.

In this study, additional game characteristics added to
the MEL application in order to create a richer andre
engaging application. Therefore we first exploreiclth
game characteristics foster motivation. Secondlg, will
improve the MEL application with relevant game
characteristics to support English language legrrn the
level of primary school. Thirdly, we will comparéet
learning results of two conditions. The first cdmah is
derived from the initial MEL-experiment and concera
group of students that took English lessons at cichsed
the MEL application at the zoo, and used the MEL
application at home for 2 weeks. Condition 1 is pared to
condition 2. This condition concerns a group otlstus that
solely used the enhanced MEL application, the ZasQu
application, at home for 2 weeks. Our study examine
whether the ZooQuest application leads to more estud
motivation and better learning results than the MEL
application.

The remainder of this paper is organized as folldsestion
2 discusses the theoretical background of thisyst8dction
3 provides the problem statement and section 4
methodology of this study. Section 5 presents #mults
derived from the experiment with the ZooQuest agapion.
Finally, the discussion and conclusions of thisdgtare
reported in Section 6.

the

2. THEORETICAL BACKGROUND
2.1 Motivation and L earning

An engaging and motivating game-based learning
environment is submissive to its design; creatimgiruction
should be done on sound motivational precepts. To
understand how instruction, design and motivatioe a
related, we need to focus on earlier developecciplies in

the literature. Our first consideration is the ARNMSdel of
Motivational Design, which was originally coined Kgller
twenty-nine years ago (Keller, 1983). In the woofi&eller,

the ARCS model is “a problem solving approach to
designing the motivational aspects of learning mmrments

to stimulate and sustain students’ motivation tarné



(Keller, 2006). ARCS contains four categories of
motivational variables: Attention, Relevance, Cdafice
and SatisfactionAttention enables learners to engage in a
deeper level of curiosity and interest while vaoiathelps to
sustain these principleRelevanceonnects learning content
with the learners interests, learning style and ivest
Confidence helps the learner to establish positive
expectations to successfully achieve in his/hét. tBaras &
Bizzochi (2005) explain that learners are motivatdien
challenge is balanced, so that achieving succesegitber
too easy nor too difficult. &isfaction refers to positive
feelings of the learner, regarding his/her owndeay effort.
Keller explains that when a learner receives reitimgnand
evidence of success, this will foster intrinsic lifegs of
satisfaction (Keller, 2000).

Dempsey, Johnsons & Burke (1998) used the ARCS mode
in the development of an ARCS gaming scale which
measured the components and degree of motivatioa as
result of playing computer games. The ARCS GamicageS
correlated with accepted computer game principles,
however, it provided limited support to measatéention
andinterest

In 1987, Malone & Lepper (1987) proposed a taxonary
intrinsic motivations for learning. This taxonomwarc be
used for designing instructional environments. Foraf
intrinsic motivation are induced through competitio
cooperation, recognition, challenge, curiosity, tcoinand
fantasy and can be incorporated within a game-based
learning environment or other instructional envirents.

2.2 Game Characteristics

A game-based learning environment depends on its
structural design that is formed by different game
characteristics. The identification and formulatiohgame
characteristics has been the subject of debate gicearly
80’s. According to Malone (1981), challenge, famtas
complexity and control contribute to the engagermemd
fun in games. InDigital Game Based Learning?rensky
(2001) elaborates on 6 structural elements thatbeansed

in order to create a fun and engaging game envieotrm
rules, objectives, results/feedback, challenge, iasoc
interaction and storyline. Johnston & Felix (20G8iggest
that dynamic visuals, rules, goals and interactame
essential game characteristics.

Clearly, the same game characteristics are founaiious
studies, however, they are described differenthhictv
causes variation and diffusion in their descripdioBased on
a thorough literature study, Garris, Ahlers & Degl{2002)

attempt to categorize game characteristics in teon$

broad dimensions: fantasy, rules/goals, sensornufti

challenge, mystery and control. Moreover, Garrisakt
(2002) state that “any type of game can be destrlbe
these 6 dimensions”. The dimensions are explainethé
following descriptors:

2.2.1 Fantasy

Fantasy refers to an imaginary context or enviramme
typical mental images of nonexistent physical ociao
situations. Fantasy can be described as a gamaotbastic

as well as a compelling motivational factor. Malo&e
Lepper (1987) state that learning content is renezet
better when embedded within a fantasy context. &ieb
(1996) describes the relation between the learomgent
and the fantasy as endogenous fantasy; when thasfais
interesting, the content becomes interesting. Kemny
Gunter (2007) support the idea of endogenous fardas
argue that games that embed a fantasy context are m
engaging than games that do not invoke the player's
imagination. Kenny & Gunter (2007) suggest thatrappr
developed game immerses the player both into thmileg
content and the fantasy context; this closely pelsala
constructivist approach where the learner becomtgety
engaged in the construction of his or her own kieolge.

Typical fantasy-based role-playing games requiespiayer
to adopt different roles or personalities. In ‘Savah’, a
mobile game by Facer et al. (2004), children madage
game character in order to act and think as a Titve. game
offered strategic decision-making and encouragefdireim
to empathize with their game character.

2.2.2 Rules/Goals

Prensky (2001) typifies a game as organized playuts-
based play. Game activity consists of rules becatg®ut
rules, the game would be free play, not a gameedRate
incorporated in a game and set the limit to whatrieng or
right, ok and not ok, fair and unfair. Typicallyl @layers
should have the same chance of success. Rulegrgisse
limits, constraints and/or boundaries within a gariey
describe the goal structure of a game. The playastm
follow and understand the rules to reach one ortipiel
goals. Locke & Latham (1990) state that clear, gigeand
challenging goals lead to better task performahee goals
that are easy or vague. The findings by Locke &hhat
(1990) were used in the development of Goal Settiegry
which is now generally accepted among motivaticoties.

Another important concept is goal-feedback on pegr
towards goals. Goal-feedback allows the player &asuare
progress against the goals and informs the playschy
steps need to be taken in order to reach the gdajh. goal

commitment, which is provoked by challenging golads

to an increase in effort and performance. Kiili @2)

suggests to add positive feedback loops to the gdims

means the player gets rewarded by positive feedbadkg

play in order to keep the game fun and engaging.

2.2.3 Sensory Stimuli

Garris et al. (2002) explain sensory stimuli asatdatic or
novel visual and auditory stimuli”. Sound effeats)sic and
dynamic graphics can enhance the motivational dpfea
game. Paras & Bizzochi (2005) suggest to use cdimgel
graphics, sound and physical interaction to hetp glayer
enter the game. This suggestion is based on thgalkpa
arrangement and properties of digital environmemitsch
immerse the player into the game (Murray, 1997)eWthe
player immerses him- or herself into the game, heshe
fully participates with the game world, which meahst
stimuli outside this world are less relevant to pleeyer.



2.2.4 Challenge

The idea of providing an optimal level of challerfge the
player was originally coined by Malone & Lepper 8¥9. In
Things That Make Us SmarDonald Norman (1993)
elaborates on the mandatory requirements of a itearn
environment. Norman suggests that a learning enriemt
should “provide a continual feeling of challengeatthis
neither so difficult as to create a sense of hgseless and
frustration, nor so easy as to produce boredomdirgl
uncertain goal attainment (ambiguity and uncertain
outcome) increases challenge within the game (&atral.,
2002). Prensky (2001) suggests to balance a game by
keeping the level of challenge in synch with thayprs skill
and progress.

2.2.5 Mystery

Garris et al. (2002) define a distinction betweeystery a
feature of the game, ancuriosity, which is an emotion
related to the player. Garris et al. (2002) stht¢ tystery
evokes curiosity and use the study of Berlyne (31960
describe the concept; “mystery is enhanced by the
incongruity of information, complexity, novelty, uise
and violation of expectations”. Role-playing games
adventure gamesstimulate curiosity by involving the
fulfillment of mysterious quests and the explomtiof
unknown worlds. For example, MobileGame by Schw&be
Goth (2005) offered a ‘hide and seek’ role-playgame in
which players had to find each other across thepcanof
the wuniversity of Koblenz. MobileGame supported
exploration, cooperative learning and play withirmaed
reality environment.

2.2.6 Control

Control is the ability to purposefully direct, supps,
regulate, command or change something. Garris €@02)
reflect on learning environments that make a disitm
between learner control and program control. Progra
control means that the learning environment, drucsional
environment, controls all forms of instruction. Wiearner
control, the learner controls most of the instruetiwhich
evokes a sense of personal control. Providing &azantrol
leads to increased motivation and better learniegults
(Cordova & Lepper, 1996).

2.2.7 Narrative

Another game dimension is narrative. Dickey (2006)
suggests that narrative in game design is a metbod
develop engaging, interactive learning environments
although using narrative in games is not a guaeahteodel
for success. In a recent study that focuses ongemgant
strategies & instructional design, Dickey (2005)nt® out
that there is an ongoing debate whether narratioelld be
integrated in games or not. According to Bringsj(@01) a
strong narrative can successfully trigger more gimgp &
immersive gameplay. Dickey (2006) elaborates onoels
(1981) findings on intrinsic fantasy and clarifighat
narrative in fantasy can serve as a cognitive fraonk for
problem solving.

However, Juul (1998) argues that interaction igre¢to the
game, not narrative. According to Juul (1998), garand

narrative are different phenomena that contradicheother
and cannot be realized at the same time. Juul [189fies
that narrative consists of linear and fixed seqasnwhile
games are interactive and non-linear with elem#rascan
be combined again and again. Actions of the playerfere
and alter the nature of linear narrative. Narratioéen vary
in speed (in which they are told) while games dred
speed and real time. Despite these conflicts, gaames
narrative can still be combined. One strategy idranch
storylines where player actions affect storylinedan
outcomes (Rouse, 2001). A second strategy is tp kiee
narrative line intact while allowing the player &xcess
various components of the story in any order ofiaio
(Rouse, 2001).

2.4 Constructivism

In modern learning theory, constructivism expldgerning

as an active process in which learners construgtideas or
concepts based upon their current and past knowledg
Constructivism emphasizes the importance of thenéra
being actively involved in the learning process athineans
total learner participation is expected. Anothengple of
constructivism is that learning is an active, sbpiecess
with collaboration among learners (Duffy & Jonassen
1992).

2.5 Flow Theory

It is known that games foster play. Games are desigo
generate a positive effect in players (Kiili, 2008nd
produce a state of flow. The flow state can be rilesd as
complete  engagement, absorption or  motivation
(Csikszentmihalyi, 1990). According to Kiili (2005 flow
experience is “dependent on the interplay betwdsn t
person, the task and the artifact”. The persoffieatttask
(PAT) model originates from a study by Finneran02)0in
which the major components of human-computer-rdlate
activity are conceptualized. Kiili (2005) suggegisuse the
PAT components when designing an educational gathe.
challenges within the game should be related tontiaén
task in order to create a flow experience. KiiliO(QB)
emphasizes that the challenges within the game Ighou
closely match the skill level of the player. They®r may
feel anxiety if the challenges are greater thanplager's
skill level. In contrast, the player may feel boriédthe
challenge is lower than the player’s skill levehus,flow is
derived from an optimal alignment betweelmallengeand
skill. It is obvious that when the player’s skill lewetreases
the challenges should become more difficult in otd&keep
the player in a state of flow.

3. PROBLEM STATEMENT

The Mobile English Learningstudy by Sandberg et al.

(2011) demonstrated the effectiveness of the MEL
application in terms of learning English as a secon
language at the level of primary school. Howevesutts
derived from the MEL-experiment did not point othether
students would be motivated over a longer periodiré.
Furthermore, subsequent research could examine
strength of the learning effect. Hence, Sandbesrd. ¢2011)
suggested to improve the ‘MEL application’ in threays:
1) by adding additional game characteristics t@atereicher

the



and more engaging gameplay 2) by adding artificial
intelligence to the application that adapts to kbarning
skill of the student and 3) to create a strongdactic link
between text, voice and images/video.

All three improvements are considered in the dguelent
of an enriched mobile language learning applicatite
MELZ2 application. However, this study limits itsogpe by
addressing only the first improvement. Additionante
characteristics are added to the MEL applicatibis forms
the ZooQuest application which is the predeces$ah®
MEL2 application. The following research questioae
central to the design of the ZooQuest application:

RQZL Does usage of the ZooQuest application lead toemo
motivation compared to usage of MEL applicatibn?

HO: Students using the ZooQuest application do nehdp
significant more time on the application at homanth
students using the MEL applicatiod1: Students using the
ZooQuest application spend significant more time toa
application at home than students using the MEL
application.

RQ2 Does usage of the ZooQuest application lead tietbe
learning results compared to usage of the MEL apptin?

HO: Students using the ZooQuest application do nat ga
significant better learning results than studergmgal the
MEL application. H1: Students using the ZooQuest
application gain significant better learning resulihan
students using the MEL application.

4. METHOD
4.1 Experimental Design

A quasi-experimental pre- and posttest design waptad
since this type of design was used in thbile English
Learning’ study by Sandberg et al. (2011). Results from the
initial MEL experiment needed to be comparable e t
results of this study. The argument for a nonedeiva
groups design is based on the fact that the schepsthe
class structure intact, which prevented us fromdoanly
assigning students to the conditions.

In this study, 2 groups of students were compaksth
group represented a specific condition. The fiostdition, a
control condition, was derived from the initial MEL
experiment. Condition 1 consisted of students fh)atook
English lessorfsat school and 2) used the MEL application
at the zoo and 3) used the MEL application at hdone?
weeks. Condition 2 consisted of students that gals¢d the
ZooQuest application at home for 2 weeks.

Before the students could use their mobile apptoatt
home, a pretest was conducted for both conditidree
pretest encompassed an English vocabulary test that
measured passive and active English word knowledgiee

! Motivation is expressed as time spent on the agiidic, however, the
degree of motivation is also measured with theaise questionnaire, see
sections 4.5 & 5.

2 English lessons comprehended a 2 week lesson pigm avgeneral
introduction on the 25 animals & various assignmee# more thorough
description can be found in Sandberg et al. (2011).

students. Immediately after the pretest, a 2 weakning
phase started in which the student could take théils
application home. When the learning phase endedexhact
same test was conducted again as a posttest.

4.2 Participants & Theme

The study involved a total of 43 fifth graders @ays, 22

girls) from 2 different primary schools. Ages radgeom 8-

10. Condition 1 consisted of 22 subjects. Condit®n
consisted of 21 subjects.

As stated, the pre- and posttest encompassed alisticng
vocabulary test that measured passive and actiygishn
word knowledge of the student. For both the passand
active part, the learning thenmo animalswas selected
because most children “are familiar with the narmk&goo
animals in their native language” and because “alsirare a
popular topic in early English programs” (Sandbetel.,
2011). In condition 1, the MEL application was usgdhe
zoo, providing a meaningful context in addition tioe
learning contents.

4.3 Target Words

The test relied on 50 target words divided oveatgories:
words concerning animal namebigon gorilla) animal
habitat éavannah tropical fores}, animal food $eeds
planktor), animal characteristicsbgak clawg, animal
behavior {o hunt to lay eggsand abstract wordpiedator,
reptileg. The target words were selected by linguists from
the University of Utrecht and the University of @hagen in
order to justify the didactic aspects of languageing’

4.4 Test Procedure

During the pre- and posttest, all subjects werdviddally
tested by an interviewer and an observer. The iieeer
was interacting with the subject by showing picsureaf
animals and asking questions. The observer sahtehie
subject and scored the subjects answers on bothctine
part and the passive part (fig. 1).

P> -
Figure 1: Passive part of the word knowledge test.

The test started with the active word knowledget [ar
which pictures of animals and animal features vadrawn.
Students had to actively speak and answer whilenani
names and animal features were asked; “How do Wéhca
animal?” [answer: bison], “How do we call this paftthe
animal?” [answer: fin], “What is the name for a hab

3 For more information, visit http://www.mobielendelen.nl/



bison?” [answer: calf]). Each question was con&deas an
individual item. For the active part of the tes},iems were
selected and were scored as follows: 0 (incorrett),
(partially correct e.gmonkeyinstead ofchimpanzeg 2
(correct). The elicitation of free speech and thavay of
pointing and naming pictures are features derivedhfthe

Student Oral Proficiency Assessment (Thompson, Keny 1.

& Rhodes, 2002).

2.

During the passive part, students were asked tat i
picture cards, each card contained 4 pictures e@rfrom
the 6 categories of target words. Students haditat pt the
right picture to answer a question (e.g. “Can yoinpto the
llama?”, “Where do you see an animal that has eeshed

up?”). For the passive part, 27 items were seleatebdwere 4.

scored as follows: O (incorrect), 1 (correct). Thest
methodology for the passive part was adopted from t
Peabody Picture Vocabulary Test (PPVT) which asks
subjects to identify words based on series of pgstDunn

& Dunn, 1997).

4.5 Questionnaire

In addition to the pre- and posttest, a questiogenaias
administered. We aimed for additional qualitativatadin
order to help us explain the quantitative resutisnfthe pre-
and posttest.

The questionnaire was used with a select group téstt
subjects from condition 2 and included 18 open-dnde
questions that assessed the subject’'s motivatielaiion

to the game characteristics described by Garris. €2002).
Questions were grouped in 6 sets, each set repegsan
individual game characteristic. For example, a tjoegrom
the set ‘challenge’ referred to the underlying tetical
basis of goal progression (Prensky, 2001) e.g. “bnd
game inform you which goals had to be complete&®.
this study, it was of importance which game chanastics
would appeal most to the subjects and which game
characteristics would appeal the least to the stdje

4.6 Smartphones

During the 2 week learning phase, subjects in both
conditions received a personal smartphone witheeithe
MEL application or the ZooQuest application. Fondition
1, SIM-less Huawei Pulse phones were used, offettieg
Android 1.5 platform, GPS, a camera and 2 GB cdriml
storage. For condition 2, SIM-less Huawei ldeos rngso
were used, offering the same functionality as theawki
Pulse except this type of phone ran on the Andihil
platform. Each smartphone logged game-actions (@rsw
scores and clicks) to separate csv files for ttadyaes of the
gameplay.

4.7 MEL Application

The MEL application represented a serious gamehithw

25 different animals were divided over 5 contingitBica,
Asia, North- and South-America, Oceania). Each icent
contained 5 different animals. In the applicatithe subject
had to choose a game mode. The first game modeddcu
on location based play and was used during thevigibof
condition 1. In this mode, subjects were guidedulgh the
zoo via GPS, leading them to zoo animals that were
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incorporated in the application. In the second ganoele,
subjects could randomly choose a continent. Aftdecting

a continent, the MEL application loaded 5 animdiatt
belonged to the corresponding continent. For eatina,

one of the following mini-games started:

Jigsaw puzzle: a drag and drop puzzle game in wdmdtmal
pictures had to be completed.

Memory: a game in which words and images (that
represented the same object) had to be combined.
Multiple choice quiz: a game that asked 1 quesdioa time,
providing 4 answers to pick from of which 1 was rect
(fig. 2, left screen).

Spelling quiz: a game that asked 1 question atnee,ti
providing 3 answers to pick from of which 1 wasreat.
Answers concerned words that were spelled différ€fig.
2, right screen).

Yes or no: a game that presented 1 picture withestipn at
a time, providing only a yes or no answer of whickvas
correct.

At the beginning of each mini-game, a video waygdthat
contained all the learning content on the corredpan
animal. For instance, if the game loaded the ‘Sn@wl’,
the following content was actively narrated in thgeo by a
native English speaker:

“This is the Snowy Owl. It is @redatorthathuntsat night.

It has greaeyesightand can spot its prey in the dark. It flies
high above the ground when it hunts. When it geey, it
dives down and attacks it with isharp beak and claws
Because the Snowy Owl has white feathers, it isl Har
other animals to see it in the snow: this is called
camouflagé*

4.8 ZooQuest Application

The ZooQuest application added an extra, surrogngiéme
layer to the MEL application. Due to time resticts,
ZooQuest wasn't programmed from scratch. Insteagno
source Android gameAndor's Traif was selected for
adjustment because it had the most potential tititéde the
six game characteristics by Garris et al. (2002) &m
immerse the player both into the learning conterd the
fantasy context (Kenny & Gunter, 200Andor's Trailis a
2D RPG game that allows the player to control a egam
character from a bird’'s eye view. As a player, yane
situated in a fantasy world in which you battle rstens,
gain experience, gain levels, solve quests, fiadsures and
gather equipment. Game characteristics framdor’s Trail
were reused in the ZooQuest application, other
characteristics were removed (e.g. battling mogskter

ZooQuest represented a single-player, quest-driR&G
with a basic narrative. Within the game, the platpak on
the role of a zoo visitor named Jack (fig. 3, &fteen). The
main quest for Jack was to help zookeeper Jane3(figght
screen) find 25 animals that escaped from theiecagst as
in the MEL application, the animals were dividedep\b

* Words in italic were considered target words (seetisn 4.3).
® Source: http://code.google.com/p/andors-trail/



continents (Africa, Asia, North- and South-America,
Oceania), hence, the player could visit each centirin
order to find the escaped animals.

]

) -
) What did people do
with bison?

o
3 Where does the
Scarlet Ibis live?

In Africa

| “In South AmeTica
L s )

Figure 2: The MEL application.

As soon as an animal was encountered (animals were
moving at fixed areas), the player was able tocttathe
animal by ‘touching’ it. If an animal was caughtet
corresponding animal content would load from the LME
application. For instance, if a player tried toctah bison, a
mini-game from the MEL application was loaded that
displayed a video and questions about the bison.

197125

¥

Figure 3: The ZooQuest application.

When a mini-game was finished, two states of thenega
changed: 1) the player was rewarded a medal, basdde
number of correct answers in the mini-game, and #)e
player scored at least 3 correct answers in the-gaime,
the corresponding animal in ZooQuest was sentstadge.
Players could achieve a maximum of 5 points in ddét.
mini-game. Points were equal to theof correct answers
and medals were rewarded as follows: 0 points =esto
medal, 1-3 points = bronze medal, 4 points = siimedal, 5
points = gold medal. Players could retrieve an weer of
the animals they caught and the medals they ohtdfite 4,
right screen). Game progress could be retrieved tivia
game progress bar in the main screen (fig. 4staften).

Encaged animals could be ‘touched’ again, this oacti
restarted their corresponding mini-game. We enagmddhe
player to ‘retouch’ a caught animal by adding adigohal
‘double gold medal’. This medal could be achievéd i
player answered all mini-game questions correttly,only
if a gold medal was already achieved. Mini-gameweans
were put in random order. This prevented the plds@mn
pressing answers in a fixed order. In the jigsad memory
mini-game, the player started with a maximum amaafnt
points. For each incorrect action, 1 point was destlifrom
the maximum amount of points.

Scarlet_ibis

Bison

Prairie_dog

Llama

Parrot

Figure 4: The ZooQuest application.

If we reflect on the six game characteristics byriSaet al.
(2002), our major design decisions are summarized a
follows: the MEL learning contents were embedded an
contextualized within the fantasy setting of Zoo&ueA
narrative was added in order to explain the godlshe
game. The learner could choose how to control disgame
character by finding continents and animals in arder. In
this way, the learner controlled most of the instian
(learner control). We tried to evoke curiosity thattenging
the player with exploration of unknown continentge also
challenged the player with a major quest to find thé
animals. Sensory stimuli were evoked by dynamiplgics,
sounds and physical interaction. Medals were addedder

to provide positive feedback loops during play.

4.9 Data Analysis

The within-subjects data for both conditions wenalgzed

with a dependent samplédest. For the between subjects
data analysis, a reliability correction was conddctor the
passive and active pretest scores in order to eeguoetest
measurement error. The adjustment was made with the
following formula: X,s; = X+ r(X—X) where r is

reliability, X,q; is the adjusted pretest value and the
original pretest value (Trochim, 2006). Betweenjsats
data were analyzed with 2 one-way multivariate yges. In
the first multivariate analysis, gain scores frdm passive
and active word knowledge test were used as depénde
variables, condition as fixed factor and the adidgptassive
and active pretest scores as covariates. In thendec
multivariate analysis, the total amount learningeti(in hrs)
was added as additional covariate. To investighteoth
conditions differed in MEL application usage at teoifin



hrs), an independent samplégest was conducted with
condition as grouping variable and ‘MEL-time’ asstte
variablé. Significance levels of .05 were used in all cases

5.RESULTS

General results for both conditions are listed able 1.
Internal consistency of the scales was computech wit
Cronbach's alpha reliability analysis. Results list&ed in
table 2. Ano. > .6 is considered questionable anduan.7 is
considered acceptable (George & Mallery, 2003), for
subsequent analyses all pre- and posttest itenes waed.

Table1: General results

Cond. N Passive Max = 26
items
Pretest Posttest
Mean Std. dev.  Mean Std. dev.
1 22 10.64 3.14 15.96 4.45
2 20 12.05 3.49 13.7 3.01
Cond. N Active Max = 46
items
Pretest Posttest
Mean Std. dev. Mean Std. dev.
1 22 5.10 4.00 26.91 8.90
2 20 8.15 4.60 14.85 6.51
Table 2: Reliability analysis
Part Cases o N of items
Pretest Passive 42 .60 27
Active 42 .70 23
Posttest Passive 42 71 27
Active 42 .86 23

The dependent sampldstest explains that both groups
scored significantly higher on the posttest thagyttid on
the pretest (condition 1, passiv21) = -6.57,p = .000,
active:t(21) = -11.21p = .000; condition 2, passivi19) =
-2.65,p = .016, activet(19) = -5.31,p = .000). In the first
one-way multivariate analysis (with gain scoresnfrthe
passive and active word knowledge test as dependent
variables and the adjusted passive and activegpreteres
as covariates), a main overall effect for conditreas found
(Pillai's trace, F(2) = 15.52,p < .000, partialn® = .46,
observed power = .999). Pairwise comparisons (with
Bonferroni correction for multiple comparisons) bbth
conditions were made comparing results from thesipas
and active word knowledge test. Condition 1 outprenid
condition 2 in passiveM = 3.94,p < .003) and activeM
=15.39,p < .000) word knowledge.

However, a significant effect for the total amouot
learning time (in hrs) was found40) = -7.53,p = .000,
with condition 1 having a larger total amount o&reing
time (M = 8.1) than condition 2M = 4.38). Thus, in the
second one-way multivariate analysis, the total w@mho
learning time was added as additional covariatée@sing
time significantly correlated with the passivé4@) = .33,p
< .031) and activer(42) = .47,p < .002) word knowledge
posttest scores. Again, a main overall effect fondition

6 See section 5.1.

was found (Pillai’s tracef(2) = 7.92,p < .001, partiah? =
.306, observed power = .937). Again, pairwise caispas
(with Bonferroni correction for multiple comparissnof
both conditions were made comparing results from th
passive and active word knowledge test. Again, itimmd1
outperformed condition 2 in activéi(= 14.61,p < .000)
word knowledge. However, there was no significaffiect

(M = 2.09,p = .222) between the conditions in comparing
the results from the passive word knowledge test.

5.1 MEL-Time Differences

The total amount of learning time differed for both
conditions. For condition 1, learning time congist&f 1)
English lessons at school 2) learning with the MEL
application at the zoo 3) learning with the MEL bpgtion

at home. For condition 2, learning time solely dstesl of
learning with the ZooQuest application at home, nghe
learning time was split into ‘MEL-time’, the actu@ne the
subjects were in the MEL environment and ‘ZooQuest-
time’, the actual time the subjects were in the @oest
environment since ZooQuest represented an additiona
surrounding game layer to the MEL application. To
investigate if both conditions differed in ‘MEL-tigh at
home, an independent samptegst was conducted. There
was a significant effect for ‘MEL-time’ at hom#50) =
2.95,p < .005, in which condition 2 spent more ‘MEL-time’
at home 1 = 2.79) than condition IM = 1.7).

5.2 Further Exploration

Additional analyses were made in order to explbeedata
more thoroughly. First, a comparison was made betwe
subjects from condition 2 that had the highest/lstwgain
scores on the posttest for both passive and activel
knowledge. Subjects with gain scores 1 standardatien
lower than the average were considered subjects thi
lowest gain scores and subjects with gain scorswridard
deviation higher than the average were considenbfests
with the highest gain scores. For the passive gfdtie test,
subjects N = 3) with the lowest gain scores spent an average
of 3.1 hrs on learning (1.7 hrs MEL-time, 1.2 hoBQuest-
time) and subjectd\= 3) with the highest gain scores spent
an average of 3.4 hrs on learning (2.2 hrs MEL-{iin2 hrs
ZooQuest-time). For the active part of the tedbjestts N =

3) with the lowest gain scores spent an averag@elofirs on
learning (3.8 hrs MEL-time, 2.3 hrs ZooQuest-tinag)d
subjects N = 3) with the highest gain scores spent an
average of 4.6 hrs on learning (2.9 hrs MEL-tim&, frs
ZooQuest-time).

In a second analysis the ZooQuest scores weredesi.
Subjects could gather 25 medals by finding the 2#nals
within the game. A gold medal rewarded the playéh &
points, hence the maximum gamescore a player could
achieve was 25 x 5 = 125. Subjects in conditior@eved

an average gamescore of 1038DE 13.7) after playing the
game for a first time (fig. 5). Approximately hatf the
subjects played the game again, scoring an average
gamescore of 83.%50=30,N = 11).



the same day | had to be at the hockey club at 7. We

P ——— continued the interview by aing the subjects if they could
= easily track their progress toward desired ¢ The
§ 12 ] children argued that it was unclear how many arsniady
N 11 had caught, or how many animals they still needechtch.
£ g | The subjects ‘solved’ this problem by counting animals
g . in the medal overview (fig. 4, right scr¢). Then, regarding
S 5 the game characteristic ‘sensory stir, we asked if the
< 5 video/audio clipsvere appealir. Subjects replied that they
17 liked the video clips although the intended to skip the
0 100 200 300 400 500 600 video clips: “I had a $ier rr_1eda| and wanteq tr]e g medal
“Stated1time  =Restarted 1time  Gamescore (accumulat (.._.) | already kr_lew”trle wdeo clip, so .I didn’'t whtdéor a
Restarted 2 times = Restarted 3 times third of fourth time, “I skipped the videos most of tl
time”. When weasked if the subjects were curs to learn
Figure5: Gamescor es by all condition 2 subjects. about the animals, mixed swer: were given: “Yes, but just
a bit”, “I thought it was more for fun”, “I wantetb learna
Only 3 subjects restarted the game 2 tirfgag). gamescor lot about the animals (...) | was curious about t
=76.6,SD=41.9) and 1 subject restartdtk game times living/eating habits”.Finally, we asked if they liked the
(gamescore = 125)There was a significant effect f game’s narrative, and whether this was a strongatiee.
gamescoref(18) = -5.19,p < .000, with subjectrestarting Again mixed answers were given: “I nk the story was a
the game twice or more receiving higher sc (M = 211, bit simple”, “The story was nice but shortAdditional
SD = 62.2) than subjects that restarted game onc (M = questions on game imprement arediscussed in section
99, SD = 14.6).There was no difference in gain scores 6.4.
both word knowledge testghen subjects tharestarted the
game once were compared to subjects restarted the 5.4 Application Usage
game twice or more (activf18) = .253p < .803; passive,
t(18) = -.032p < .974). Application usage was loggd¢o each smartphone. For both
conditions, the number gflaying subjects decreased over
5.3 Questionnaires time (fig. 6) with an average 08 playing subjects for

condition 1 and an average6 playing for condition 2
The purpose of the groupterview was to probe the ideas
the subjects about the game characteristics thate
incorporated in the ZooQuest enviroent. As stated, it we
of importance which game characteristics would apthe
most and the least tdahe subjects andhow design,
instruction and motivation were relatéd this. First, the
subjects elaborated on the ZooQuesitday setting we
askedif ZooQuest resembled a fantasy setting or a
world setting. One subject replied: dTne, i was more of a
fantasy world, the animals looked a bit strange wede N of days == Condition 1 === Condition 2
really small”. Other subjects agreed that ZooQLu
resembled a fantasy setting and arguthat some
phenomena did not match a real world set “The shark
moved on the grass when it was caughthé jellyfish was .
situated on the bridge that is impossiblerhe eagle should \
not be placed in grass but in the mounta When we 28 \
asked the subjects about their character (zooovisiack 40 \
one child replied: “I preferred to choobetween diffeent 20 1 > = Q
character genders because I'm a giflien, weasked if the 0 RS _.e—d A ——.——_
rules of the game were clear and allowed for a \wéahge of 0 1 2 3 4 56 7 8 9 10 11 12 13 14
permissible actiondt was notable that the subjects instai
replied: “Yes the rules were clear, however, thee should Nof days ==Condition . ====Condition
have been longer, it was very sho®ne subject replie¢ “I
finished the game on the first dayThis is where th

N
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Figure 6: N of subjects using the mobile application per day.

120
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Figure 7: Average playtime per playing subject per day.

interview became pa_rtly unstructgred because cts For condition 1, the \@rage playtime peplaying subject
wanted to share their gamexperiences:“Although | per day slowly decreasedter the first da. For condition 2,
finished the game qwckly wanted to play again becaust the average playtime petaying subject per day decreased
was so much fun”. Subjects shared when and whexg enormouslyafter the first dy (fig. 7). Subjects in condition
played ZooQuest:I“played the game when | woke up ¢ 1 played an average df5.3 min per day $D = 6.5).
went to bed”, “Usually | read before sleeping, hoer last Subjects in condition 2 played an averag 18.6 min per
week | was playing ZooQuest because it allowecto read day GD= 25.1).

some English” Two subjects admitted they play
ZooQuest until 3~4 AM in the morningWhen my mother
sent me to bed, | kept on playing until @3:AM, however

" Both averages were rounded up.



6. DISCUSSION & CONCLUSION
6.1 Hypotheses

The first alternative hypothesiRQ1HY) stated that students
using the ZooQuest application spent significantartame
on MEL than students using the MEL application. sThi
hypothesis was met: there was a significant effectMEL-
time’ at home in which condition 2 spent more ‘MEine’

at home than condition 1. This result suggests that
ZooQuest environment motivated the subjects todpeore
time in the MEL-environment.

The second alternative hypothesiBQ2HJ) stated that
students that used the ZooQuest application oltaine
significant better learning results than studeht tised the
MEL application. This hypothesis is rejected indawf its
null-hypothesis RQ2HQ: condition 1 outperformed
condition 2 on passive and active word knowledge.
However, this result is partly due to the largeat@mount

of learning time for condition 1. Therefore, totahrning
time was considered as additional covariate. WHhis t
adjustment, condition 1 outperform condition 2 be &active
word knowledge posttest. For passive world knowdedwp
significant effect was found. This finding indicatthat the
larger learning gains for condition 1 on the passivord
knowledge test are mainly due to a larger amount of
learning time.

For active word knowledge, condition 1 made trenaeisd
progress due to English lessons at school, a fac&irwas
absent for condition 2. During the lessons at skisutbjects

in condition 1 were actively engaged in speakingl an
pronouncing English words. The ZooQuest application
however did not instruct the subjects to do the esan
home. This finding opts for a combined learningrapgh in
which children follow English lessons at school arst a
mobile learning application at home.

6.2 Limitations

In the first additional analys&sa comparison was made
between subjects from condition 2 that had the
highest/lowest gain scores on the posttest for Ipatfsive
and active word knowledge. For the passive patheftest,
subjects with the highest gain scores spent slighitbre
time on ZooQuest than subjects with the lowest gaores.
For the active part of the test, subjects withHighest gain
score spent less time on ZooQuest than subjects tivé
lowest gain scores. This suggests there is no latime
between learning time and the learning gains fordid@mn

2. However, when both conditions were considereatrning
time correlated with the passivd42) = .33,p < .031) and
active €(42) = .47,p < .002) part of the word knowledge
posttest. This result indicates a correlation betwiearning
time and the learning gains for both conditionthaigh the
correlations are rather weak positive correlations.

The findings reflect the first limitation of thisugly: learning
time cannot be treated as a linear constructx Amount of
learning time in class is incomparable to a saraeount of
learning time with a mobile learning applicatiomelsecond
limitation concerns learning competence: the refuti

8 See section 5.2.

between learning time and learning gains is affbdig
learning skill differences of the subjects. Thimitation
adheres to the fact that subjects with the higbast scores
spent less time on ZooQuest than subjects witHavest
gain scores. Furthermore, the conditions were fdriake?2
different primary schools that systematically diéfé on
various variables. First, it was unclear to whaeakschools
differed in their English curricula. Secondly, itas/
unknown how both schools differed in educationalliy

6.3 ZooQuest

—

Experimentation with the ZooQuest application leal
promising results, however, the number of subjasiisg the
ZooQuest application decreased over time (figA&krage
playtime per playing subject per day also decreasest
time (fig. 7). We were hoping to find an even ampah
playtime/players over time but this wasn't the cafe
explain this, we rely on the results from the qiogstaires
and game logs. It is notable that children in ctodi2
played an average of 104 minutes at home the diast
whereas children in condition 1 (only) played aerage of
28 minutes at home the first day. The drop of jiagt after
the first day, concurs with the response of thejexib
(condition 2).

When subjects played ZooQuest for a second time, th
setting of the game was the same, which made gamepl
less appealing. Hence, game characterisysterylost its
attractive force, there was nothing ‘new’ to becdigered by
the player after playing the game a second timso Alhe
goals of the game did not change after restartieggame.
Therefore, goals became less challenging whicthddower
goal commitment, which led to a decrease in effort
performance (Locke & Latham, 1990). The game ditl no
provide a continual feeling of challenge (Norma®93) and
‘challenge’ did not increase by uncertain goal iattent
because the goals of the game did not change &Garal.,
2002). Subjects felt bored over time because thel lef
challenge was lower than their skill level. Henae, did not
keep the subject in a state of flow (Csikszentnyihdl990)
because the alignment between challenge and skiniv
optimal. Furthermore, ZooQuest did not provide rersj
narrative. The story was “a bit simple” and “a bftort”
according to the subjects.

6.4 Futurework & Recommendations

Results of this study are used in the (futurepfetup study,
Mobile English Learning 2 which synthesizes game
characteristics from this study with intelligenttdrting
principles. The Mobile English Learning 2study will
represent a mobile game-based learning applicatia
offers learning content at the individual skill &vof the
student. The application will also allow teachessttack
individual learning performance of the studentsr Qame
related recommendations are the following:

First, decide if the game should meet real worlgsu‘a
shark cannot be on the grass’, ‘a road affords wglk
When real world phenomena (e.g. animals, contineares
translated to a fantasy setting, game rules caakbreal
world rules in order to make the game more engajincg
funny when a shark is on the grass’). However, games



can also match real world rules in order to keepl¢farning
content (based on real world rules) related to ghme’s
fantasy context. Secondly, when the game allowsgltéger

to control a game character, offer the player ationpto
choose between different ‘personalities’ so tha giayer
can empathize/identify with his or her characténirdly, the
game needs to incorporate proper goal-feedback. In
ZooQuest, goal-feedback was poor because playdradli
immediately know how many animals were caught/ndede
to be caught. Furthermore, the game’s narrativailghbe
strong and extensive as it triggers more engagind a
immersive gameplay (Bringsjord, 2001).

The most important recommendation concerns rewadd a
game duration. In order to prevent children finighithe
game too quick, a more advanced reward system csHozul
adopted that takes the rehearsal of the learningents into
account. When we asked the subjects how the gamle co
be improved a central idea rose: the player sheedeive
awards that allow the player to receive new awéeds. by
obtaining coins to unlock new continents or animdfsthis
reward loop is consolidated with the learning catdethe
child’s retention of the learning contents is expdcto
increase due to repetition which also counterbasante
forgetting curve as defined by Ebbinghaus (1913go&d
example of an advanced reward system can be fautitki
World of Warcraft, a massive online role-playingrgathat
adopts various reward paths. In Word of Warcraftygrs
are rewarded with gear, achievements, experiendgspo
spells, abilities, new quests etc. Exploring nevemimena
while constantly receiving positive rewards arehpgs the
greatest motivators to keep the player playing.

6.5 Conclusion

The mobile game-based learning application ZooQweast
constructed for learning English at primary schémlel.

Fifth graders that used the ZooQuest applicati@nsmore
time on learning at home than the fifth graderarfrthe

initial study by Sandberg et al. (2011) and obtdibetter
learning results on the posttest than they didhenptretest.
The ZooQuest application demonstrated its beniefitsrms
of informal learning outside school and can servea dasis
for subsequent development and research.
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