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Using mobile devices to enabtew ways oflearning has been a big area of interest in
research for quite some timd&lobile deviceshave the opportunity tdoster free
movement and enable structuredntextawarelearning activities regardlssf time
and locationrestrictions The increased amoundf mobile devices anédvances in
mobile technologies has made creating these new learning applications a Taaity.
thesis discussdbe possibilities mobile learningfers to the field of educatioand the
type of actions that must be taken in oresupport the adoption of-fearning.

Mobile learningis discussed bf¥irst looking at the history ofechnology enhanced
education and the special affordances that mobile devices have tolofeder to
createapplications that can provideeaningfullearning experienceandgo beyond the
novelty factor of using mobile devicesjpportive pedagogies must be developed
integrated into tools that can be used in designing learning content for these
applications The main concepts angkdagogiesor maobile learning are discussed by
looking at some example applicaticasd previous research

The main challengefor adoptingm-learningin practiceis to develop generic and
easy to use tools fahe educators to author the learnocaptentto be usedThis thesis
focuses especially on content creation for locabiasel mobile learning applications
and presents sonexamples o&xisting solutionsAs a result from the constructive part
of this thesis this kind of toalasalsodevelopedhs a part of th&eek'N'Share platform
for locationrbased mobile learning.

Keywords: Mobile learning, rdearning, locationbased mobile learning, creating
locationbased content, learning objedtsarning pedagogies
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1. Introduction

The amount of smartphones and other mobile devices has been increasing massively in
the past few years. This has enabled and created a dematevétmpingnew kind of
applications and pedagogies for learning. Mobile technologies halxeéwlot in the
recent years. Data communication possibilities have increased and they are getting
better all the timeHigh speed access to the Web is constantly available through mobile
(3G/4G) and WAFi networks[Song et al., 2011]Also position detetion has become
more accurate. These technologies are fthendation for creating locationbased
applications that usthe usefs location to providen situ information anchew reat
world learningexperiencesModern mobile devicesalso enabléhe captung of user
generated content e.g. by taking photos and recording video andldaniimnen et al.,
2013] In order tofully take advantage aiisingmobile devices in education, we must
understandall these newaffordances they have to offand develop ew supportive
pedagogies and tools theadn be used to create new type of learning assignments

The objective of this thesis is to research how mobile devices can be utilized in
education and what kind of toolsare neededo supportcreating content fothese
mobile learning applications in order for them to be used in praéticesing mainly on
locationbased learning applicatioriBhe main research questisare:

1 How @an mobile learning in general be used to enhance learning results and
improve motivéion towards learning?

1 How to create content for mobile learning applications, especially in a
location-based learning context?

To answer these questiongjist thesis combines explérge and constructive
research. Thdiscussiorstars with a literaturereview on the area of mobile learniimgy
general, and contingawith a main focus on locatieba®d learning applications and
content for them. The constructive part of the research cerdishe design and
implementation of a web editor that can be usedreate locatiofbased learning
assignmeret for Seek’'N'Share, a platform for locatibased collaborative mobile
learning.

The assignmeneditor isa webbased toodesigned for teachers, not developers or
expert users, which makes usability and usgserience an important part ithe
application designThe goalis to make an application that makes creating content easy
and fun for the teachers, not to give yet another program thah#ve to learn how to
use, or hat makes their job even harddihe author of this thesis took part ihe
designingof the user interfaces fdroththe mobile application and the web editor, and
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had the main responsibility of tteetualdevelopmenprocessof the content authoring
tool.

The thesis is constructed asldovs. First in Chapter2 the concept of mobile
learningis discussed by lookingt the history of mobile leaning and the use of mobile
devices in educatiorSomeof the main conceptandthe supportive pedagogiesed in
the research of mobile learniagealso presentedhis is followed bya summary of the
main technologies used in tdevelopmenbf locationbased learning applications and
some examples of the work that has been done in the ateaatibnbased mobile
learning applications and contemeation for them.

After the literature reviewin Chapter4 thereis an introduction of Seek'N'Share, a
platform for locatiorbased collaborative mobile learning. The rest of the thesis consist
of the results fothe castructive part of the researchefign and implementation of the
assignment editor for Seek'N'Shaaee discussed inChapter5, and eésting and
evaluation of the editor i€hapter6. Lastly therds a discussion about future work and
conclusion.



2. Mobile learning

Mobile devices and wirelesconnections have evolved a lot in the last dedsidéile
phoneswith fast internet connections and locatidetection capabilitiebave become
ubiquitous. This has also brought new possibilities and gained a lot of interest in the
field of research andducation. Since mobile learning, oflearning, is a relatively new
concept, there istill no single definition for it. The definitions are mainly focused
around four central constructs: learning pedagogies, technological devices, context, and
social ineractions [Crompton, 2013]. A fileition presented by Crompton [2013]
incorporates these construdy defining m-learning as flearning across multiple
context, through social and content interactions,msy per sonal el ectroni
In this chapter, first thereis a shortlook at thehistory of mobile learning and the
pedagogical changes that have happeh&thg the yearsin Sections 2.2 and 2.the
focus is inthe advantages anky challenges that using mobile devidess brought to
the field of education.After that a few examples of howm-learning could be
incorporated ito existng learning platformsre presented as one solutiorhelp with
the adoption oimobile devices in educatiohastly the main conceps$ and suggested
pedagogies for Aearningare discussed

2.1. History of mobile learning and learning pedagogies

Technology enhanced learning dates back to the 1920's when the first testing machine
was developed to help students test and practice their knowledge indepefigently
learning, 201}t Today elearning andMassive Open Online CouisMOOC) have
become very popularwith almost every school usingome sort of Learning
Management System (LM3)ke the popular open source solution Moodle. Now we are
moving from these e-learning solutions towards mobile learning (#earning) and
contextaware ubiquitous learning {aarning) [Shih et al., 2011]. Not only have the
technologies that we use changed a lot, but so has the wgbges and the way we
learn. Crompton [2013] states that pedagies have been influenced by social
behaviour, expectations, and values throughout history, but leatsaifjhas always

been essential. She also reminds that the essence of technology assisted learning is in
the marriage betweendhechnology and leaing, not just one or the otheBy looking

at the history, it can be seen that technology has been very much connected to learning
from a very early stage, and maintained interest during the changes in popular
pedagogieslin the next sections the most iorpant advances in technology enhanced
learning are discussed based on the overview by Crompton [2013].



2.1.1. 1970s

In the 1970s a movement called discovery learhiagemerged, with a focus on how
knowledge can bacquired retained and recalledit that timethere was no World
Wide Web (WWW) or internet access/ailable which would have suyrted the
concept of discoveriearning Eventhen there weralreadya few schools that utilized
behaviouristic computeaissisted learning programBuring the 70s the -Earning
systems started to evolve from information delivery to more interactive sy$ems
learning, 2014]

The 1970svas also the decadd the invention of the first mobile phone. At that
time the concept model for Dynabook, a handheld multimedia otengor learning,
was created byAlan Kay. Even though the device was never created, the description
was much like the modern mobile devices of todacording to Crompton [2013bne
of the reasons that the Dynabook was never actualized was the lsthoblogical
advances and the drive to incorporate desktop comsputéeaching at the time.

2.1.2. 1980s

The 1980s was the time of constructivist learning, with a belief khawledge
acquisition develops through interactions with the environment. At timé t
multimedia personal computers were considered to be able to enable this interactive
way of learningFrom constructivist learning was then developed constructiomvgim,

an added c o mgiudants learnedabkse when thiey were actively invalved
construct i ndCrasnpton 2013] Tlisbwputddring the student in the tutor
position, where s/he would be teaching the computer how to dctleiigg how to draw

a picture.

The 1980s waslsothe time for the arrival othe first handheldcomputers and
personal mobile phones. These devices were still far away from the concept of
Dynabook, and they were mainly targeted for business purposes. As a way to connect
with the learnecentered pedagogies, classroom response systems (CRSs) were
introduced in the late 1980s, but these did not gailemusage until the late 1990s.

2.1.3. 1990s

Problembased learning emerged in schools in the 1990s. ased on learning by
working on tasks and activities in authentic environmdntthis model thedacter has

the role of a guide in the learning process, but it requires critical thinking and creativity
for the studentdo solve the presented problents this decade many schools were
alreadyusing computeassisted instructio{CAIl) and computebased traing (CBT)
programs The problem with desktop computers at the time was that they could not
easily be moved around to be used in real situations, unlike the mobile devices today.
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Even though the origin of thernm elearning is under debatsome believét was
not until 1999 when ke term was first introduced in a CBT systems semijgar
learning, 2014]This was also the decade for the invention of the digital camera, Web
browser, graphic calculatorthe Palm Pilot personal digital assistants (PDa&s]the
emergence of Learning Management Systems (LMS)

In the late 1990s the research on using mobile devices in education was already
starting to emergeOne of the firstattempts to implement mobile learning wélse
Handheld Learning Resource (HandLeR) pobjHandLeRwas an d@empt to utilize
mobile devicesand to recreate the DynabooKhe project aimed to study how mobile
devices could be used to aid lifelong learnimgh the means of experimental and
collaborative learning by bridging format and infal learning contextsA paperby
Sharples et al. [2002] presenting the results of the developed mobile application
concluded with the statement th&trther evaluations should be delayed until
technology has developed enough to malkeuse easy and marguitive.

Problembased learning often included students to work in small groups to gather
knowledge and solve problems. Thiend hasled to a sociocultural revolutiom
educationwith more focus on oubf-school learning through social interactionllez
sociaconstructivist learning. This was also the start of the emergence @duzation
related sociahetworking sites that today include services like Facebook, Linkedin and
Twitter.

2.1.4. 2000si Present

The 2000%ring us finally to the concept of-tearning Even though the use of mobile
devices in education has been a point of interest for quite some time, it appears that the
term mlearning became a recognized term only in the year 2005 [Crompton, R013].
has been considered as the next stepigifatl learning, or an advanced model of e
learning [Shihet al.,2011].In a pedagogical sense)a has changedince the 1930s

when autonomy and sdtfirection in learners was not encourag€dompton, 2013]

Today students are expected to have arvaatle in their own learning, and self
thinking is promoted. Knowledge is gathered by interaction with the environment and
society, not delivered as plain facts by the teacher.

According to Crompton [2013¢-learning and mearning havearisen from the
adaptation ofa learnercentered pedagogy that is personalized, contextualized and
cooperative, ad the technologies that enablgtting the learner at the heart of learning,
by supporting flexibility accessibility and convenienda.her researchaperCrompton
[2013] recognizes five keyftordances that mobile devices offer to extéhdlearner
centeredpedagogies(1l) contingent learningwherelearners can directly respond and
react to changes in the learning environment and different experid@3estuated
learning,where learning takes place in re@brld settingsapplicable to the learning3)
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authentic learningivhere learning activities ad#rectly related to theetlearning goals
(4) contextaware learning, in which learniragtivities are dapted baskon the history
of the learneand the environmenand (5)personalized learningyhere content and
activities arecustomizedo support the preferences and abilities of eleayner.

The development of mobile devices and wireless techredduas been very rapid,
and the interst of PDAs has since decreased, and tablet PCs are starting to replace the
more traditional rearning devices [Huanet al.,2014].Deviceshavebecome smaller,
but at the same timpower, peed, memory, and functiditg have increasedThe
modern smartphones and tablet computers have the same capabilities as a laptop or a
PC, with the added mob#ghonefunctionalities Since the adoption of touch screens
the trend has been towards increasing the debise®en sizeto make interactions
easier, but still making the device as lightweight as possible, so it can be carried around
at all times.

The 2000s is also the decade for the emergenabigtitouslearning (dlearning)
one ofthe offshoots of miearning [Cromptan, 2013] According to Sampson et al.
[2013] the difference of dearning is that it has a higher degree of embeddedness
compared to ntearring and t offers more seamless aadaptive services with context
aware abilities embedded everyday objecisnot just the mobile devicef the uses.
Crompton [2013ftates that this direction oflearning literally embodies the concepts
of learnercentered education by making learning omnipresent to the learner.

Both mlearning and #dearnng are still very muctevolving and waiting for the
development of actual tools that enable the utilization of these concepts in real
educational context. Ufure trends are developing based on mobile devicemawd
sensing technologyn the book edited byuang et al[2013 four man categorie®f
emerging trends are presentéi) the application of cloud based technology, social
networking sites and sensing technolégy-learning, (2)immersive environment$3)
augmented reality (AR)RaNnd (4)mobile AR environments.

2.2. The affordances of mobile learning

There are many reasons why mobile phones are considered to be an excellent addition
to the way we learrOne of the main benefits afobile learning is that #nables taking

the students out of the classroom and festeze movement and exploration of the
environment where new skills andnowledge can be immediately applied through
informal learning activities [Sampsaat al.,2013]. On the other handhobile devices

can also be used to enhance classroom learning [S&@b3]. A personal mobile
device carsupport individual learning styles and provide the right educational content

in the right contexin aseamless learning environmenhesedifferentpossibilities that

mobile devices can offer are called affordances.
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Klopfer et al. [2002]ist five main @lucational affordances thsihould be taken into
account to take full advantage of mobile devicBsese are(l) portabilityi mobile
devices can be easily taken to different locations, and the user can move around to
perform in situ learning tasks; (2) social interactivitgnables users to exchange data
and collaborate with other people face to face or over a network connectioan(&xt
sensitivityi mobile devices can gather data and provide content based @arthieg
context including real and simulated data; ¢onnectivityi ability to connect to other
devices and services; (5) individualitypossibility to offer unique scaffolding based on
the learners behavior and goalhe$e ardopicsthat occur frguently in the area of
research [Santos, 201Sampsoret al.,2013.

Mobile learning can have the ability to engage students to experiment in situ
without place, time, and device restrictions [Sampsbal.,2013]. Studens today are
used to workinginteractively with digital information, performing multiple tasks
simultaneouslyand using mobile solutions to communicate with each other [Huizenga
et al.,2009]. Because of thimajorchangen the way we operate in everyday Jidso
the learning paragdms and methods should be updated to match the abilities and
interests of the learnerSince games are now played more timgprevious generations,
Huizenga et al. [2009)ropose that garAeased learning could be a solution to address
the way young peogpllearn today, and engage them more succesdfyliyromoting
intrinsic motivation throughsix factors: challenge, curiosity, control, fantasy,
cooperation and recognition.

Mobile deviceshave the ability tgorovide a seamless learning environment, where
learning activities can be carried out acrdgerent contexts regardless of the dewoce
the location of the usefSong 2014].Students can continue learning activities through
anytime and anywhere access to learning materials and constant interacto
communication possibilities with other students, teachers and even other communities
[Sampsonet al.,2013]. Push notifications can even be used to motivate and remind
students to stugywhich has proven to result in more effective learrfiiguser ad
Thornton, 2005].

Research has shown that using mobile technologies can really engage the learners
and create positive learning resulfsko-Nai and Tan, 20L13Huizengaet al., 2009
Huanget al.,201Q. It seems that especially studeftom lower and mediumability
levels benefit from mlearning the mostHuizengaet al.,2009 Shihet al.,2011;Huang
et al.,2014. While traditional learning is usually restricted to p#irased textbooks and
other scattered resources, multimedia devices bring aimcassider variety of learning
resources that students can access anyfitezengaet al., 2009]. The variety of
learning resources and the availability of applications like-tmgpeech, speech
recognition and -eeader offera range of new possibiligefor students with learning
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disabilities and e.g. young students that have not yet learned how f¢-agad et al.,
2013.

Despite allof the affordances angositive effectson learning resulighere are also
some negative effects of-lmarning that ve been reporte€hu [2014]points out that
compared to traditional instruction or wbhsed learning, these new learning scenarios
can be more complex if not properly designed, and can even have a negative effect on
learning achievements, due to the \heaognitive load that is caused by having to
simultaneously deal with learning materials in both the real world and the digital world.

Mobile devices and network connections can also b@nget of technical
difficulties, which can have a negative efferi student motivation [Huizenget al.,
2009].Huang et al.2010] list the five main drawbacks presented by previous research:
(1) problemsintegrating the softwarg2) performance issues with the mobile devices
web browser(3) text input is difficulton mobile deviceg4) too smallscreen sizeand
(5) thelimited battery life It must be taken into account that since in situ learning
activities can take much more time than regular classroom teaching [Hueeaga
2009], especiallythe battery lie of mobile devices is a big concern. This problem was
al so brought wup by t he retplatrmpresented in Ghaptei n g
4 [Yrjanainen, 2013].

While waiting for advances in technolqgtheseaspecs should be taken into
account when aeggningnew mobile learning application#&s discussed itvection4.1,
intheS e e k 6 N pla&fdrra theeissues with network connections and limited battery
life have been addressed by making it possible to use the mobile application in the field
without anetwork connection available. This is done by downloading all the needed
material right after selecting an assignmevttichcan be done at school, before moving
to the field for the actual learning experience.

Even though with the reported positive l@ag results connected to mobile
learning,according to Song [2014hfter the novelty of ntearning has worn of, the
enthusiasm and level of engagement might also rediacethis not to happen, proper
pedagogies must be adopted to fosteraningfullearring [Song, 2014] Suggested
pedagogies will be discusseddetailin Section2.3.

2.3. Key challenges associated with implementing #earning

When an institution or a single teacher wants to implemelganming, there are many
things to consider beforehan@®ne major thing is which technology and devices to
choose, and how to make suhatthey are available for athe studentsBring Your

Own Device (BYOD) is grogram that is relying ostudents using their own mobile
devices for educational purposes imdautside the classroom. Because mobile usage is
so wide spread, this would seem like a very good solution for taking advantage of the
m-learning possibilities and reduce the costs by using technology that is already

t

h



9

available insteadof the institutionproviding newdevices for the students [Santos,
2013].

If the school decides to provide mobile devices for all the studdregse areof
coursealso positive sides to it. For exampidnen everyone is using the same type of
device, thiscould alleviate sme of he issues related to-fearning,like the amount of
needed IT support and equity issues. The city of Egpptanning to do exactly thal
buying tablet devices for all the students from elementary to high sdavel
[Torvinen, 2015] It is still unclear if the devices are left to the studesiter they leave
the schoql or do the students return them to the sch@wol the other hand, because
technology in the area of mobile devices is developing so fast, it might be useless to
recycle the deves. This would mean that the schools have to buy new devices for the
new students every yedfor the city of Espoo, this is estimated to c®& 6 million
euros yearlyTorvinen, 2015]

Regardleghe chosen approacthere are some considerations andlleimges that
must be addressed before bringing mobile devices into the scAdwdive main
concerns discussed b§antos[2013] are: (1) network infrastructure(2) network
security,(3) IT support,(4) equity, and(5) possible disruptiorof mobile devees in the
classroomThese concerns are discussed in the seltectiondased on the paper by
Santos [2013].

2.3.1. Network infrastructure

Mobile learning usually requires a wireless internet connection. When a lot of mobile
devices are added to the same eknat the same time, it can creatéot of strain on

the networkand can cause slow connections. This is something that the institution must
consider beforehand, since it might be required to updhedeurrenivireless network,

and this could man incease in financial cosfSantos, 2013]. It is very important that a

poor networkdoes notinterfere with the other possible positive effects of mobile
learning. Previous research states that connection issues can cause a lot of difficulties in
e-learning and therefore have a negative effect on learning results and atffBaohtss,

2013].

2.3.2. Network security

Connecting personal devices to the institulbonetwork can cause security risks, like
exposing sensitive informatiomo outsiders This could be caesl by losing an
unprotected mobile device that can have revealing information about the owner of the
device or corporate datstored or by connecting to an unprotected public network
while connected to the institutiGprivate network and alNving unproécted access to

it.
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Students and faculty should be educated about good security practices and network
policies. To support safe usage of the network, content access management from the
access points might be a solution to block inappropeate possibly &rmful content
from young usergPanagos, 2013JAnother suggestion to making the network more
secure is making the users register their devices. This way the institution can monitor
traffic by using the devia@s Mac address.

2.3.3. IT support

If mobile devicesare used in education, thiseates also a demand for IT support as
well. The problem with BYOD ighat the range of different models and operating
systems can be wewide, and supporting them vgay more difficult than for a set of
devices maintained bthe IT staff. On the other hand, because students can use their
own devices that they are already familiar with, it might be that tleed less support
thanwith devices provided by the satidor learning purposes only.

There has also been a lot of dission about whether or not institutions are obliged
to offer support for every type of device or just concerning the network and other
services provided by the institutiethemselves. For example am mlearning study by
Santos [2013]there was no neddr IT support while taking part in quizzes using the
studenté own mobile devices. The technical difficulties that were encountered were
related to network access. This is something where the institstiould create clear
policiesbefore sarting any dearning program.

2.3.4. Equity

The digital divide and equity is a major concern especially with BYOD programs. Even
though the amount of mobile phones and tablet devices is increasing even at elementary
level, requiring the students to have their own devicearaate inequality, since there

are families thatannotafford a device, or the devices owned might be older and less
powerful than others. Mobile devices can also be seen as a symbol of social status and
having an older device can been seen as someshiagefulamongst the students.
[Panagos, 2013]

Ihaka [2013]gives examples on schools that have made tablet computers mandatory
for some of their students, aitds up to the parents to provide them. One of the schools
had provided devices for six of i820 year 9 students on a loan scheme, but not all
institutions offer this possibility. Even though the prices for mobile devices is getting
lower, it can still put a lot of financial pressure on families with a loweonme and/or
multiple children.Song[2014] presents a BYOD program study, where the school
would lend iPads to the students tdat notown a tablet device needed for the study.
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Although this approach can be useful in a single study, in a greater context it might
create even more equity isss and put the students in unequal position.

It is up to the institution to make sure thia¢ lack of available technology does not
affect learning results. This is something tmust be taken into account when
designing and developing the learning \atg#s. Material and exercises must be
accessible on multiple devices with different capabilitesl the studenthould not be
expected the students to use their own data plan while outsidestitetion wireless
network.

2.3.5. Disruption

Using mobile @vices in education is quite a big change since bringing mobile devices
to the classroom or using them while in class has been even forbidden or at least
frowned upon. While using mobile devices in classrooms has many opportunities to
enhance learning, onef the concerns discussed by Santos [20i%3fegarding the
possiblenegative effectsnobile devices can bring to class@&se possible disruptions
mentioned are distraction, cheating, inappropriate use of the technology and the
problems with ringing moles, texting and multitasking. Strategies to handle these
disruptions are neede®antos[2013 suggestsmplementing policies for mobile use
andemphasizing classroom etiquette when it comes to mobile devices. A key challenge
for the educators is how #fficiently integrate the new tools into teaching, so they are
notused for disruptive behavior.

2.4. Integrating mobile learning with existing Learning Management Systems

Even though it is clear that mobile devices provide new opportunities for learning, the
level of utilizing these device® e-learningis still low [Bogdanovi et al., 2014] As
mentioned inSection2.1, elearningand the use of Learning Management Systems
(LMS) has already been widely adoptéch LMS generally providsfunctionalities for
instructors to create learning materials that the students can asitgsthe system, and
also facilitate interaction between statkeand teachers [AkNai and Tan2013]. What
these dearning systems are lacking, is the content adaptation possilbbisesl on the
learneds level, preferences, learniniyle or location [AkeNai and Tan2013].

For mleaning to be effective and to gaihe best results, it should be integrated to
an existing dearning platformthat enables centralized administratioinall learning
related services, regardesf the end device or platforfiBogdanovi et al., 2014
Fayed et al., 20]3Studies have shown that mobile devices can be successfully used for
educational tasks, and it has been suggested that they can @aeethee need to buy
expensivaextbooksfor every studentHouser and Thornton, 20pbayed et al., 2013
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It has been shown that multiple choice questions are effective feassa§sment
andcan be usedsa method to investigaet u d e nt s dedge orimsaoncéptionsw
on a subjecfBogdanovi et al., 2014] Pop quizzes have been used in traditional in
classroom learning for agés support this functiarBogdanovi et al. [2014]consider
quizzes to be an appropriate learning activity for mobile devices as well, because the
presentation of awgz can be easilgontrolled and the studestare already accustomed
to thesdype of exercises.

In previous research it has been noted that learning material for mobile devices
cannotbe presented the same way as the content for traditional bookkamiag
systems used on computemsainly because of the small screen size [Houser and
Thornton, 2005 Shih et al., 2011; Bogdandviet al., 2013 Breaking content into
smaller pieces that are easily readable on sseadlendeviceshas turned out to be also
pedagogically beneficial, but not supported by the existing systems [Houser and
Thornton, 2005].When adapting content for a afhscreen, it mighbe required to
eliminate nonessentiaparts and large images and tables from the material altogether
[Houser and Thornton, 2005]. For the LMS to provide a seamless learning experience
across devices, there would need to be a way éteahcher to define what to show on
desktop computers, andhat to show on mobile devices.h@ LMS could also
automaticallyadapt the content based on the technical contest being used in.
During their research Houser and Thornton [2005] discoveradntost educational
web services can be modified to work on srsalieen devices, and that mobile phones
are a promising platform for many educational tasks.

In the example by Houser and Thornton [200%] new coursenanagement
system(CMS) called Poodlewas developed as a step towards adopting the use of
mobile phones in education. The motivation behind this project was the fact that
students inJapan have a better access to mobile phones thapnam@shat they are
much more comfortable using their m@bdevicedor learning related activitieShe
other major point was that the students were already using their mobiles while
commuting and waiting before classest alsospontaneously during class to perform
various educational tasks, even though tleeaisnobile phones was prohibited.

The Poodle system is a lightweight version of the popular LMS Moodle, providing
quizzes, a polling system, a wiki server and a fieafd serveto enable Hearning
Even though the system is used separately from Moddleas the potential to be
integrated in the futuresince it already uses the same quiz forrhhe polling system,
wiki and flash card server are not part of the Moodle platform, but could be used as
plugins that provide extra functionality.

ThePoodlepolling system is designed to be useeclass, where the teacher ask
questions during a lectuend have the students use their mobile devices or a PC to
answey like theclassroom response systems presented already in the 1980s as discussed
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in Secton 2.1 The results are saved to the Poodle systembanteacher can show the
results immediately in the form of a bar graph.

The Poodle wiki wiks like any other wiki servicgupporting ollaboration between
students, with the difference that ttentent is designed to work well on mobile devices
as well A wiki consists of pages created by the users themselves and anyone can edit
content created by others. The Poodle wiki also haéparatdorum for users to post
explicitly-signed articles and discughemin a more structured way he students liked
using the wiki without time and place constraints, like in the train or before going to
sleep andvhile lying in bed.

According to Houser and Thornton [200Bjany Japanese students use collectable
flash cards inserted to a metal ring to learn the vocabulary of a foreign language. The
idea of the flash card server is soipport this type of learning andake it more
efficient The Poodldlash card serveran contain a lot more words than a physical ring
with cards, and it providea more sophisticatealgorithmto determine what cards to
showin order to support more efficient learning.

Bogdanovi et al. [2014] extended the Moodle platform with a mobile quiz
application to study how students resgpda mlearning in real contexQuestion types
alreadysupported by Moodlerereused in the quizzesnultiple choice, trudalse, short
answer, and matchin@he presented application works as a gdngplay component
that recognizes the used device and ad#éggscontent accordingly by usirdifferent
CSS themes. Using wdiased technologies seemo be a suitablevay for providing
educational content, because it remoadst ofthe crossplatform developmenissues
and adapting content just by using CSS idyfaimple.

Overall students had a positive opinion odearning, andheyconsidered this way
of taking tests interesting and motivating, with the possibility to improvie lgerning
process significanthWWhat was a ib concerning about the resuiis the fact that the
type of mobile phone had a significant ughce on the achieved results, withdents
using smartphaes with larger screens performitige best.This indicates that if the
students are using their own devices felearning, on top othe concerns discussed in
Section2.3, this couldalso bringinequalityto the learning result, which is something
that needs to be studied furthenderstandably students who frequently use the internet
with a mobile phone also performed betteanstudents that were not that familiar with
using mobile devicesbecause they are more accustomed to the interface of mobile
applications. When comparirayerallresults to studeatwvho took the same quiz using
a desktop computer, no significant differenceswecordedther than the time it took to
answer the questions, which was much longer when using a mobile device to answer the
questions

This study also shows some of the disadvantages that mobile phones have. The
reported problems were about batterg,lithe cost and speed of mobile internet, slow
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input, and visibility and time consumption with some of the question tsea. result
from these findings theugstions should ba&bleto fit nicely evenon a small screen, and
the required answers shoudd kept short because of the input difficultieShis applies
to all types of mobile learning content.

As stated by Bogdandvet al. [2014Jassessmerftasprovedto be a suitable way to
introduce mobile technologies in learning. Even though quizeesreadywidely used
in all exsting elearning environmentand theycan be easily implemented to be used
with mobile devicesis well [Bogdanovi et al., 2014] theydo notreally offer anything
newto the field of educatignespecially in the day of responsiwebdesignwhere all
the webpages should adapt to be viewed on any devibese solutionglo notyet
supportthe mentioned afirdances that mobile devices haweeoffer, like providing
individual learning content and taking advantage of the contexticamation mobile
devices carprovide It would be important to study how we could integratere of
these affordances to existingarning management systerto supporta variety of
different kind of assignments and the context and location based atfonthat can be
utilized by mobile devices

2.5. Supportive pedagogies for mobile learning

In the history of information technology in schools, many innovations have come and
gone because of the lack of theoretical foundatiod anderstandingand the poor
communication of the linked theories of learning by the designers and developers of
these innovations [Falloon, 2013#ven though mearning is a relatively new field
there has been quite a lot of researcht@nsubjectThe mobile learningpplications
researchave evolved fronusing mobile devices agery simple information resourse

to more sophisticated learnimgpplicationsthat support the learning process in a more
complex way.

As a result of the rapid increase of mobile devices and the mqtyliécation
revolution, a lot of learnig applicationshave been developedthout anypedagogical
research behind thenfhis is probaly one of the reasons wimy-learning is sometimes
considered to be just hype, like other technical innovations that bave and gone
the past[Falloon 2013]. Falloon gathered some of thesevailable applications to
research if and how they affected the studd#atgning. Theesearch showed thiieely
available applications usually have advertisements and links towétgpageswhich
are actuallyconsidered to be an impediment to learniAgplications that provided
pedagogical scaffolds (systematic and organized steps for learning), cerrantyv
formative feedback, effective communication of learning purposeretdiction, anc
more traditional teaching model with a mentor figure teaching particular knowledge or
skills, seemed to provide indication i#allearning compared to more game like or drill
based applications.
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According to Falloon [2013], using texito-speech functionality to provide
instructions and guidance for younger students was considered especially effective,
whether it was automatically activated or given as an option. This approach has also
been wused in the SeekOoNIGapdrd,rwherepthedeidtt or m
speech converted descriptions of the learning objects are automatically played back to
the user when they get close to the location of the object with the options to pause and
replay the description whenever needed.

In researchChen et al[2003] havealso used the scaffolding technique as a base for
developing amobile learning system for birsvatching(BWL). The basic elemerfor
scaffolding is a learning goal that can be divided into hierarchical component skills with
decreamg support levels. Learning is done by repetitive authentic practice and ongoing
assessment on how the dgat is progressing and their ability pooceed to the next
level of the hierarchical component skills. The gofthis strategys to eliminate tk
need for additional support as the learner increéiseis learning ability. The BWL
platform consist of two different interfaces, one for the teacherifstructor), and
another for the students {l@arner). During a bird watching learning activityeth
teacher can broadcast video and i mages
through the minstructor interface. The students then use thkeamer interfacdo
identify the birdby following a stegby-stepseach operation. During this taskfferent
levels of support are provided based on the abilities of the le&Awmarding to Chen et
al. [2003] this approach was considered to be appropriate for the outdoor activity of bird
watching, where it can be hard to give guidance that meetsetdds for each of the
learners. Experimental ressidlso showed that using the BWL system improved the
learning results of the students.

To implement a successful -lmarning strategy that takes advantage of the
affordancesof mobile devices, appropriateegiagogies andupportive authoringools
must befurther developedHuizenga et al[2009] summarizethat what ICT needsto
promote meaningful learning tools supporting constructivepetextual, reflective and
social learningSince mobile learning ign many casestended to be independently
used by the studentdn outdoor learning activities it is very important to apply
appropriate pedagogy for this learning context that differs greatly frommibre
traditional approach to iolass learningAs stded by Song et a[2011] the main issue
in applying these new mobile technologies is not technical, but social because of the
different learning contexiand the lack of appropriate pedagodgesit. While system
development is important, the most essgr@omponents for implementing successful
mobile enhanced learning are appropriate instructional design and learning evaluation
[Shih et al., 2011]In the next subsectiorthe concept of contexdware learning and
some of the suggestézhrningmodelsto support mlearningarefurtherdiscussed

aboi
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2.5.1. Context-Aware Learning

As mentioned before, context sensitivity is a key featuteoth mobile and ubiquitous

learning. The concept of context has many dimensions and definitions, bitatie

idea behind context-aware learning is to adapt and personalize learning based on the

| ear ner 6 By cononoduse mdnitoring, antextaware learningcan support

individual learning styles by providingersonal assistance and ena@amless learning

by adapting to difrent devices and learning scenarios fi&tial.,2011. According to

Sampson et a[2013], one common but vague definitioaf contexti often used in

computer sciensgl issfany i nformation that can be uUse:¢
of an entityo.

Crompton [2013] defines contextaware m-learning so that itencompasses: (a)
learning that can occur despite of location, using a mobile device as part of a formal
lesson inside or outside the classroom; (b) learning that can be either directed by others,
or be seHdirected, where the user determines their own approach to achieve learning
goal; or (c) spontaneous learning that happens when a mobile device is used to look up
information about something interesting on the spot. According to Cronipfdr3],
environment can be plannedpart of the learning experien@lecationbased learning)
or it can have a neutral rolelgarning taking place whenever, e.g. reading learning
material on the bus home from school

The key issuesdefined by Sampson et d2013] on designing contexaware
adaptive and personalized | earning systems
information and based othe contextthe type of adaptations that can be perforteed
provide the most suitable learning activitidsd the moment context information is
described and represented in various different ways. To be able to develop commonly
used contexaware learning environments, a unified context model must be developed
[Sampsoret al.,2013].

Sampson et a[2013] divide context informatiorurther into learning context and
mobile context. The learning contertludes the used learning design and the learner
profile. The learning design refers to chosen pedagogies, learning objectives, activities
and roles, also inclundg the selected tools and learning resources to be used. The
learner profile cortins information about the u€erevel of competence, role, and
personal characteristics like preferred learning style, needs, interests and disabilities.
This information $ used in contexaware learning to provide personalized content
mat ching the | earnersd profil e, but stil |
design.Song et al[2011] extend the learningontext further with bodily information
about the learnme e.g. pulse rate, blood pressure, temperature and \oicgder to
present the user content that is relevant to their learning context, the learning system
needs to be able to automatically capture information about the user and learn by it
[Hodgins, 202].
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The mobile context by Sampson et [@013] includes temporalinformation about
thel e a r cueentdrod, preferences, needs and inteaestother peoplepossibly
influencing the activityln addition to the technical properties of the mobileickvihe
mobile context also holdgeospatialand other locatiorbasedinformationlike present
zones, cultural &ickground, and the whole learning settingrr€nt time constrictions
and physical conditions of the learning environment, like noise, illumimaand
weather conditionsare also included in the mobile context defined by Sampson et al.
[2013].

Sampson et a[2013] suggest that based on previous research context adaptation
can be divided into two categories: educational resources and leaotiviges. There
are three types of adaptation related to educational resources identified by Sampson et

al. [2013]. These are: (1) selection of resources basad t h e domextuaher 0 s

i nformati on, including t he | @)a presenting s prof

appropriate material based on the mobile context (type of device, environmental
i nformation) and | earnero6s profile, by
over textual presentation); and (3) adapting the navigation and sequehaontent
especially based ofmel ear ner 6s previous knowl edge,
availability to create personalized learning patlearning activities related adaptation
includes (1) general adaptation, which means the automatic gemerof individual
learning activities based othe previously mentioned contextual elements; (2)
personalized scaffolding and feedback; (3) suggesting suitable navigation to locations in
reatworld situations; and (4) adaptation to support communicadioth interaction
during the learning activity, by e.g. detecting pebesedon their location and
providing suitable tools for communication.
Huang et al[2010] present a context aware-learning tool called the Mobile

Plant Learning System (MPI.STheydiscusghe concept of context ioutdoorlearning
by dividing it into three main categories: social context, knowledge context, and
technical contextln outdoor learning the social context means that stadeve the
opportunity to interact with theipeers as well as the environment. Because outdoor
learning requires students to move around, it is important to provide opportunities for
communication while in the fieldAccording toHuang et al[2010] being connected to
a social networkcooperating ahexchanging information in a social context reinforces
academic fundamentals. PDAs were chosen for the study, because they provide
connectivity that can enhance the social context by connecting students to each other.

Huang et al[2010] look at the knowd#dge context from the viewpoint of social
construction of knowledge, where each student contributes to the discussion and
knowledge construction collaboratively. Bglping each other argharing knowledge
and resourcesstuders can develop higheguality comprehensionwhile gaining
important social interaction skillsVhen sharing content, the students need to think

dec



18

about what information is important and worth sharing, which is part of the
informationprocessing activity that helps clarifying and comparirelationships
between new and previously gained information. By sharing knowledge, instant
feedback can also be givday the other students or the teacherclarify or rectify
misundertanding. To support the knowledge context, a knowledgaring function

was developed for the MPLS.

The technical context biduang et al[2010] refers to all the different technical
factors that cannfluence the learning activity. Using appropriate technologies is
important to help eliminating technical barriers, likgfferences in skills using
technologies and applications. Technology should support teachers in designing
learning activities anthe studentsn knowledge gathering and sharjrigy making itas
quick and easgs possibleThe MPLS byHuang et al[2010] provides different ways to
record their thouglst so every user can find the most appropriate way for tidm.
system can also work as a staaldne application if no network connection is not
available. This is an important feature, because applicaton thatdoes notwork
because of e.g. the lack of internet access can diminish the learning expérfence.
same approach was also used i npresehted inSe e k 6 NG
Section4.1 The small size and light weight of PDA makes it a gsotution for
outdoor activities, but the small screen size also has its drawhaesésuse content
must be carefully planned to fit on the screen

These three areas of contpxésented byduang et al[2010] have a complementary
connection to learning. Bhsocial and knowledge context support each atharway
that if a good social context is provided, it makes sharing kmigdeand engaging in
information processing easier. The right technical context on the other hand can
enhance the knowledge contexy providing the right tools for the students and
teachers.

In the study byHuang et al[2010] the MPLS was used on an elementamel
science course about plants. The experimental group used the application to gather,
search and share information abqulants they were liserving during a course
organized in the Southern Taiwan University campus. The MPLS proGdRs
enablednavigation based on the data about surrounding plants. This data can be
predefined by the teacher, or to be collected and sharedebgtudents themselves.
While exploring and studying the nearby plants, students can take photographs and add
text to describe the plant and their learning experiefidescoordinates of the plant are
automaticallysaved, so it can bassociated with #right location anchdded to the
map. This presents a good way to enable in situ content creation that also the teachers
can use to design locatidnased learning activitiesn situ content creation will be
discussed more iBection3.2.
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As stated irthe researchby Huang et al[2010], text entry as input was considered
to be difficult with the PDAand itr educed the studentsd moti v
learning experiencedJsing audio or video would be more suitable in this technical
context, where tre is no full keyboard available. To support the cordexdre
seamless learning experience better, it should belpedsi edit the notes latesing a
PC, and while working in the field, other input methods shouldutieed, like
recording audio, vido and taking imageeaes i n the SeekO&dNO6Share m
presented irSection4.1 During the experimenbther technical difficulties were also
experiencedwhich was consideretb reducemotivation. Without the technical issues,
most of the studeéa would be interested using the MPLS in the future.

Even though the MPL8oes nohave built in cooperation support, it was stated that
using the PDAs -lwroe &klear 0Oa sa nahactiofr betgezpre thee d i n't
students, lthough the teacher includein the experiment considered the outdoor
learning activity by itself improving teamwork amongst the students. Overall compared
to the control grouphat did not use the PDAs in a similar learning actjthyg students
in the experimental group seemed lie more engaged and motivated during the
learning activities.There was also a significant difference between the two groups
learning performancayith the use of the MPLS providing better ptesst scores.

The study byHuang et al[2010] again shows it the use of mobile devices can
improve student engagement and naturally stimulate cooperation and discussion
between learner&ven though the theoretical foundations of this study are in providing
seamless contexdware learning, the proposed applicatidoes notreally support
anything other than location detection of the user and the surrounding plants. What
would make this system more contextare, would be the addition of cooperation
between students based on their locations and learning objegtiog&ling different
input methods based on the learning contantl by adapting th@lant navigation based
on ako the usés learning profile,e.g. guiding the user to plants that tHewe not
visited yet Contextaware mobile learning applications kvikocation detection will be
discussed more in Chapter 3.

2.5.2. Inquiry Based Learning

Song[2014] proposes a seamless inquogsed learning model to support the use of

mobile devicesn creaing a seamless learning environme8he characterises inquiry
basdlearningasia process of posing questions, g at
constructing evidenebased explanations and arguments by collaboratively engaging

in investigations to advance knowledge and develop higherd er t hi .nki ng s k|
this learning model the teachers have a supportive role in thess task in the
problembased learning pedagogy discussefieation2.1.3
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The study by Son¢R014] was conducted as a one year BYOD program with 28
primary school students in Hong Konghe asignment for the students was to gain
knowledge in the subject of the anatomy of fish by using their mobile devices to collect
information fa themselves by taking pictures amtieo and recordg audio. The
knowledge inquiry was conducted both collabaey and individually.Three mobile
applications were used to support the ingbiaged learning: (1) Edmodoa social
network platform for the students to communicate, share information, and coordinate
learning activities; (2) Evernote application sui for note taking and archiving; and
(3) Skitchi a mobile app to help annotating imagdsh e Seek 6 N6 Shar e
presented in Chapteralso supportshis inquiry based legaing methodby supporting
the studentgo collect informationusing multimedianputs with the added feature of
instruction for the data gathering in outdoor learning scenarios.

The seamless inquilyased learning model consists of six activities: engage,
explore, observe, explain, reflect, and share [Song, 2014]. In this studyny25a4]
the first activity consisted of the teacher first introducing some online information about
fish in class, and then the students continued to search information on their own and
resumedhis task at home, where they used Edmodo to share thdliisres a preferred
device. As the second activity the student went to a wet market to look at actual fish and
to capture multimedia contetd gain general understanding of figctivities three and
four werein-classactivities, where the teacher progdireal fish for the students to
observe by finding and labelling the body parts of the fish. Again the student used their
personal mobile devices to capture and record the knowledge gained in the activity. As
activities five and six, all the students pabthe results of the previous assignment to
Evernote, and added their own reflections on the subject of the anatomy of fish for
sharing.

The results of the study by Sorig014] shows that a guided inquiyased
pedagogical design and implementation ins@amless learning ein@nment was
successful in helping students advance their knowladdemprove their inquirpased
skills. It was reported that because students could use their own devices, they had more
of a sense of ownership amdntrol over theidearning, than compared with studies
where the students were using loan devices. It was considered that it was the
combination of using mobile technologies andtdecheiguided inquirybased learning
model that made the study a succ&sce improvingnquiry skills is something that is
very important throughout life, this approach seems to support lifelong learning very
well, whichwasalsoone of the main goal®r thefirst attempts to implemeémobile
learning in the 1990s, as discusse&attion2.1.3 [Crompton, 2013].

p |
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2.5.3. Cooperative Learning

Cooperative learning has become a broadly applied pedagogy in many educational
contexs. Cooperativelearning methods include group discussions, peer support and
guidancelt alsoemphasizes personal respornigipiand interéépendence among group
members These attributesare considered to increase interactivity, help in gaining
academic knowledgehelping problem solving, and increase motivation and positive
attitudes towards learning. [Huargal.,2014]

Huarg et al.[2014] introducesa jigsawbasedcooperative learningpplicationas a
solution to increase interaction among peers during -&earaing activity and to
achieve optimal learning effects by enhancing legrachievements and motivation.
This mettlod should alsdhelp students develop important social skills like respect for
others, andcommunicataheir knowledgeln the jigsawbased approach to cooperative
learning, the students have different learning responsibilities and learning objectives are
achieved through this division of labor. The students work as teach#re groupby
sharing their gained knowledge through social interaction.

Huang et al[2014] mention two crucial elements of successful cooperative learning
suggestedby previous resmch: (1) active learning through social interactions and
discussion must be promoted, and (2) teachers must carefully design and arrange the
course to support cooperative learning, and they nebeé tble toprovide additional
knowledge and guidance tbet students during cooperative learning activitieise
jigsawbased method gets everyone involved in the learning act@vitihecause of the
shared responsibility, rone can rely on somae else doing the work for therhis
can sometimes b&problemwith group work where the more active students take the
main role, and the less active students get away with doing less. The-ligsad
methodalso supports the development of critical thinking, problem solving abilities and
clear expression of indepgent thoughts and ideas through team work.

Cooperative learning relies in the communicationweeh the group members
themselveandwith the teachegiving guidancethereforeit is neessary to have tools
for reattime supporindependent of time and @& In the study by Huang et §2014]
Google+ social networking platform was used to supporttie& communication in
outdoor situations whie studerg are scattered arourathd faceto-face communication
could not always beachieved This way studentscan learn and construct their
knowledge in real context, while teachers can observe the activity and addyess
problems that might arise.

In the experiment conducted by Huang et[2014], tablet devices were used to
help a group of Taiwanese universigvel students to collect and share information
about various water regions in Taiwan during a cooperative learning activity in the
National Museum of Marine Biology and Aquarium in southern Taiwan. A control
group participating in conventional individuaarning was used to validatiee results
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of the experimentStudents in both groups were divided into {pmedium, and high
achievers based on previous academic performance.

Before the learning activity the teacher explained the conceptgsdvybasel
cooperative learning and the groups sp&n minutes practicing it. During eh
cooperative learning activitthe students were divided into groups of thnegh one
student from the different levels of achievemdsach of the group members had a
different question they needed to find an answer to. Students with the same question
used the Google+ platform to form expert groups for discussing possible answers.
Instant messaging and videoconferencing provided by the Google+ platform could be
used to engag in realtime discussions while exploring different areas of interest.
Especially the videoconferencing feature supports-fadace type of interaction very
well andas a bonust does notrequire typing, which could slow down the learning
activity.

After the knowledge gatheringhe original groups gathered together for the
individual students to share their results. As a fiagk, the groups were given one
more question for the groups to answer together. The control group was also using the
Google+ patform to gather information, but thelyd notengage in any group activities
or knowledge sharing

The resultsfrom the experiment by Huang et g§R014] show a significant
difference between the results from the experimeantdl the control group, leawdj to
the conclusion that a jigsalbased cooperative learning strategy is better than individual
independent learnindt was considered thdhe positive peer pressumeas making
students work harden order to help their partnershe lowlevel studentfiad the best
results, probably because the added suppavided by other group members. The
high-level students on the other hadd notgain much of an advantage compared to
the results from the control groughis might bebecause they generally hade
leadership role in the groups, and they used a lot of time helping dtletrseing able
to work at their own paceould leadto the students feeling frustrated, because they
could have been advancingore quickly by themselve#. was reported thahe high
level students preferred individual learniogmpared to working in groupalthough
some of them felt bored because tlweyld notshare their ideas with othelike the
students in the cooperative learning grolipis showshe importance of ingporating
a way to communicate and share ideas and comments usingéhenmg application.

It should be noted thabesides improving learning resultspoperative learning
enhances other abilities that are highly appreciated, like social interactitgadedship
skills, which individual learningloes nowffer. Overall, the results show that students
enjoyed using the jigsawased cooperation method and the learning environment was
able to enhance learning outcomes.
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2.5.4. Formative Assessment Strategy

The formative assessment strategy pesviouslybeensuccessfullyused in wekbased
learning and it haslsobeenstudied in the mfearning contexfChu, 2014 Hwang and
Chang, 201]L Formative assessment includes providing feedigukianceand support
during the learning activity, so that learning can be adjusted to achieve set learning
goals [Hwang and Chang, 2011This has been recognized to be beneficial to student
learning, whether hie feedbackcomes from the teacher in araditional learning
environmet, or using a welbasedlearning environment [Chu, 2014wang and
Chang, 2011]. The strategy dpeated answering combined with immediate feedback
and making the student find out the right answer orr twn has proven to have a
positive impact on stieht$l ear ni ng achi evement s, because
refl ecting anfHwangand Ghang, g0d1l] pr oces s

Hwang and Chand2011] developed a mobile learning system that uses the
Formative Assessmebtised Mobile Learning (FAML) guiding eshanism The
system is weltbased andt includes several management functions for teachémsse
include user profile management, subject materials management, item bank
management, and learning portfolio managemeéent unfortunatelythese were not
disaussed more in the research papEne students connect to the system via a wireless
network, and receive support and guidance to a PDA while exploring in-avadel
learning environment. The system provides hints and learning materials while asking
guesions about a subject. A test item is randipselected from a pool of items for a
unit, and the user has to answer three questions in a row correctly before moving to the
next learning unit. Ithe student answers incorrectly, the counter for the riggwerrs is
reset, and the student is guided to find the right answer on their own. All the students
needed to pass six units created for a local culture course. The study was conducted in
Chin-An temple in southern Taiwan with two classes of fifth gradeestisdOne of the
classes worked as the experimental group, and the other as the control group for
comparing the learning results, interest, attitude, and cognitive load of the different
learning methods.

As mentionedn Section2.2, there has been somealication that iAfield learning
can have negative effects, if the cognitive load is too heavy. The experimental results by
Hwang and Chang2011] show that formative assessment can be used to promote
learning achievements and attitudes with appropriat@iteg load when combining
reatworld and digitaiworld resources. It was reported thidwe FAML approach
i mproved the studentsd interest and attitu
content, which is important to achieve meaningful learning. stiidents in theontrol
groupwere also using tour-basedm-learning system to answer the same questions that
the experimental group. The difference was that if they answered a question incorrectly,
they were told that the answer was wrong while showiregcorrect answelit was
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noted that the control group spent most of their time reading learning materials from
their devices,instead ofactually exploring the environment and trying to find the
answers themselves. Hwang and Chg@tii 1] explain that tke poorer learning attitude

and motivation could be partialjue tothe studentbeingdiscouraged by the feedback
concerning false answers. The study shithe importance of having an appropriate
learning strategy to gain the best res@lom m-learning. It also suggests that many
existing elearning tools and strategies could be also used fl@anming in a reaworld
environment.

Chu [2014 conducted a similar experiment with the main focus be&inghe
cognitive load caused by students needingobeerve and interact with reaforld
learning targets while paying attention to the instructions and supplementary material
from a mobile deviceBecause the human working memory can only handle two or
three novel interaction elementt a time poor contentdesign and instructional
strategies in mobile learning can overload the working memory and increase the
cognitive load of students [Chu, 2014hu [2014] divides the concept of cognitive
load into three different types: (1) intrinsic cognitive lpadhichis concerned with the
structure and complexitgf the instructional material¢2) extraneous cognitive load,
which refers to the instructional design etieg how difficult the task isand (3)
germane cognitive load, whidhcilitates the learning press by separating the relevant
from the irrelevant cognitive processiagd thus reduces the extraneous cognitive load
of the learner These types can be further summed up as mental effoith is a
combination of extraneous load and germane load, anthiead as intrinsic load.

The experiment settingp the study by Chu [2014)as almost the same as in the
previous exampldy Hwang and Chang2011], with the exception that the control
groupdid notuse mobile devices, but participated in a traditideatning activity with
human guidance. Aotabledifference was found in the results of the measured learning
achievements between the two groups, indicating that the forreasessment learning
strategy for mobile learning actually had a negative efbeclearning.There was no
remarkable difference on tmeental effort(extraneous load and germane lobefween
the two groups, but en looking at the results caraing the mentalload (intrinsic
load), it was discovered that it was significantly highath the experimental groujt.
was then noticed that the students in the experimental group had too many questions to
answer, considering the amount of time it takes to look up relevant information in a
mobile context combining reaborld and digital reources. This makes the students
answer in a hurry, which causes more wrong answers and could be the reason for the
high cognitive loadSince the system gives instant feedback which requires the student
to make more observations, this can cause anxipgcesly if they can see their peers
already moving on to the next assignmeBgcause of the stress to complete all the
assignments, studentid not take the time to make deep reflections and thorough
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observationf the task at hand, which could be #aeplanation for the bad learning
achievementsand the contrary results compared to the study by Hwang and Chang
[2011].

The study by ChJ2014 highlights the importance of adjusting the amount of
learning contenin m-learning scenario® decreae the cgnitive load for the stdents.
Either more time is needed to complete the assignment, or there needs tacbptérds
to go throughlf all the students proceed in the same order, this could cause negative
competition that makes the students hurry toacmwvhich reflects in their learning
results.The experimenélso shows that fiearning is not always successful and it could
lead to disappointing results even when wk@lbwn strategies are used. C[ia014
ends with a note that if a proper learning dasthat takes into account the more
complex learning environment is applied, mobile learning still has the potential to be
more effective than the traditional approach.

2.6. Learning Objects

To support tk new pedagogies and technologmsnected to technajy enhanced
learning a new concepal model for content creation and distribution has been
developed with Learning Objects (LOsps a fundamental elemetd it [Hodgins,
2002] Thereis no single format foa LO, or clear definition orwhat it canand slould
contain.Barak and Ziv2013] describe learning objects &si ndependent i nstr
experience that contains an obj ecQtherv e, a |
definitions presented in the paper by Barak and [2¥13] include seeing learng
objects aseusable digital resources that support learning by enhancing, amplifying, and
guiding the cognitive processes of learners. They also identify the three key functional
requirements that areonnected to the concept of learning objects: aiubgs
reusability and nteroperability. Firstlya LO need to contain appropriate metadata
about the cont#, so it can be referencestpredand accessed usiggeneral database.
Secondly, the LO should be reusable ifegént instructional contexté\nd thirdly, the
LO should not be connected to a certain delivery media or learning/knowledge
management systerwhich could restrict the reuse of the object

Hodgins[2002] talks about how information technology and learning objects can be
used to capte knowledge that can be analyzed, reused, shared and used to create new
knowledge. He also discusses the possibiliies u s i to gfferLti@ Gighttype of
information at the right timéor every type of usemwhich is the idea behind context
aware larningand in the 5R adaptation framework presenteSeation3.2 In order to
be able to fully take advantage of learning objewikjly adopted and open standards
must be created for metadata, learning objects and learning architgdtggins,
2002]. This work has been going on for quite some time, and thamlEsEE Learning
Objects Metadata (LOM) Standard already developed [Barak and Ziv, 2013], but using
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this standard has not been present in the examples found during the research for this
thesis.

Sotsenko et a[2013] discuss the use of LOs in mobile learning settings by adding
the contextual information to them as metadata. This prayidingthe learnewith the
right content at the right timean be achievedontextualized LOs can also adssehe
problems with mobile devicesuch as small screen size and the lack of proper
keyboard [Sotsenko et al., 2013]. The idea is to get contextual information from the
learner using the sensing mechanisms in the mobile device and contextual information
provided by the learning platfornrand provide the bedit content that matches the
learneds personal context (e.g. interests, language, learning courses, available time to
study), environmental context (location, noise level, gyl the device's pperties
and network connection.

Hodgins [2002] takes the metadata concept further, by suggesting that metadata
shouldbe in the future added to describe eveigce of data, event and person in the
world. He divides the metadata into two categoriebjetive metadata thatan be
automatically generated, and subjective metadaibjectivemetadata is considered by
Hodgins[2002] to bemore valuable informatigrdetermined by the creator of metadata,
andit can contain tacit knowledge, other contextuébrmation, different perspectives
and opinions on the object of metadafhisme t adat a added to the
selection of meaningful data by filterire;md searching based on the dseontextual
information.

According to Hodging2002], informaton on how the learning objects should be
used and sequenced is also very important, but this information should be kept separate
from the metadatdde also reminds that for learning objects to be widely adopted, there
must be tools that make the proce$sconceptualizing, designing, constructing and
selection quick and easy, but the prospective users must also see the high value of good
reusabllen LtChées . S e e k 0 Nasedl Hearnirg applecatient presented in
Chapters 4 and the learning assignents and the content for the assignments work as
r e us a b that tedch@® san utilize when creating new learning activities
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3. Location-basedmobile learning applicationsand content creation

Outdoor learning has been studied and conducted in the foligldbtrips long before

the emergence of f#kearning. This type of learning has usually been referred to as
informal learning, because thenas notbeen much instruction or alignment with the
curriculum includedin the learning activities conducted iretfield. Mobile learning

has the oppaunity to extend the formal +nlassroom learninmto other environments

like museums or zoos, and provide instruction and support in a seamless learning
environment[Santoset al.,2014]

Like in any electronic leaing environment, the device only provides means for
novel ways of learning, but to create meaningful learning experiences, suitable learning
material must be created by the educators themseliis the appropriate domain
knowledge incorporatedven thaigh there has been quite a lot of intereshaarea of
development and research focationbased learning applications in various fields of
education, there has been only little focus on the content creation for these applications
As stated in previas researcha big problem for implementing-tearningin practiceis
the lack of availabléearning management systemusd tools for designing content for
locationbased mobile learningHouser and Thornton, 2005; A#ai and Tan, 2013;
PérezSanagustiret al.,2012; Shihet al.,2011]

While other mobile authoring tools have reached the cawcialemarket (e.g.

GoMo Learning: http://www.gomolearning.conthere are only few that incorporate the
location awareness aspect [Giemza and Hoppe, 20b8].probém with a lot of the
research donenithe area is that the applications have been created to sopguhe
learning in only one subjecand in one specific locatiotlsually there is no reference
on how the learning materidbr these applicationbas ben created, which probably
means that theontent has been hard codedadded to a databasenhtentrepositoryby
the developers of the applicatiamot the educators themselves

One of the key affordances of mobile devices is the ability to providextavare
learning material and support in eaftschool situationsThese type of new learning
experiences require new ways to organize the learaimg they ar@ot suitable for all
levels of students For example supervision can be problematic whenoihes to
smaller pupils thatannotleave the school environment alppgen d wi t hout the p
permission. One possilyicould be to use locatidmased learningssignmentsnly as
homework, during plannefield trips, or possibly implement the use oblbiie devices
in other type of contestinside the classroon®ne example of how mobile technology
could be used to help the teachers to monitor the outdoor learning aciiwities
provide support for the teacher to follow the movement of the studedtshair
progress during the learning activity like in the exampleSaytos et al[2014]. It
shouldalso be notedwhen designing rtearning experiencethat e.g. in the study by
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Huizenga et al[2009] the outdoor learning activity took the whole day, vehgjoing
through the same content in a regular prepaded lesson series took only two class
hours.

As mentioned by Shih et §2010], managing a class when taking students outdoors
is often not easy, but when the students are focused on their meldes] the teacher
can have more time to spend on monitoring the class and assisting individual students
that might need help during the learning activity. After conducting an outdoor learning
experiment using a mobile garbased learning application, Heinga et al[2009]
reported a teacher mentioning that during a day of playing t#eaming game, he
could see pupils that usually had difficulties engaging in learning activities stay focused
for six whole hours, and that they were too busy to act umgluhe mlearning
experience. The teacher also mentioned thétaming helped some of the more quiet
people to take charge of the learning activity, and that students wer® amek with
their peers in a more diverse way, not just with their besids in the class.

In traditional classroom learning the teacher is usually always present for the
students to ask questions and get clarification on things that were perhaps
misunderstood. Irthe informal learning activitieswhere the students are seattd
around or working on their free timthis type of facdo-face guidance is not possible.
According to Song et al[2011] one of the most requested functions for locabased
learning applications i® provide some sort of service for answeringstions fronthe
studentsduring the learning activity Asynchronouscommunication can be easily
provided usingreadily available solutions like-mail, SMS, and any other instant
messaging applicationgr a default communication channel can be addedhéo
learning platform as in the example by Akidai and Tan2013] discussed further in
Section3.2. Handling questions from many learners fa same time can be slow or
evenimpossiblen this type of communicatiorAs a solution to this problem Songaét
[2011] suggest using contextawaredialoguebased feedback system that students can
use to ask questions and receive answers immediately despite of time and place.
Implementing such a system requires careful mapping of the domain knowledge and
analysis of the questions presented by students.

Previous research on locatibased learning applications has shown that using
these applications can improve learning and crpatative learning experiences, but
geocachingpf resources on its own is nehowgh to supportearningin a meaningful
way [Santos et al., 2014]. Generating educational content requires both domain
knowledge anghedagogical knowledge, whiatcording to Giemza and Hop[#013]
is already a complex taskAdding the dimensin of locatio to this equatiormakes
content creatioeven more challenging [Giemza and Hoppe, 2013].

Santos et al[2014] divided mobile learning activitiesoughly into two categories:
activities that take advantage of the everywhere/anytime possibilities of rdebites,
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and situated learning activities that rely on a specific location and possiblyirtithés
chapterthe focus is on learning applications tipabvide supportfor situated learning
activities Thereis a discussionabout the used technologies time development of
locationbased applicationg;ontent creation for locatiebased learning applications
andlook at some example applicatiomdere anauthoring system is included in the
application design

3.1. Technologies used in the development of locan-based applications

In previous researchocationbased rrlearningis usually separatetietween indoors
and outdoors learning activitiedased on the architectural constrains and the
technologies that are needed dapport the learning activitiegSartos et al., 2014]
There are manglifferent opportunities that mobile devices offer to dethe useis
location and howocationbased informatiolan be provided in the context of learning
activities and authoring locatidmased learningHere we willshortly discuss the most
commonly used technologies.

The main technology to detettte useds location in outdoor setting BPS(global
positioning system Most mobile devices havuilt in GPS supportandnow eventhe
HTML5 version supports the geoldimmn API, which can be used to deteht useis
position in webapplications[Pilgrim, 2013] As mentioned by Pilgrinf2013], using
the devicés IP address, used wireless network connection, or information about which
cell tower a mobile phone isconnectd to, are other options to get positioning
informationof the user

Even though detectindi¢ useds location has improved a lot over the years, GPS
detection is still only suitable to be used outdoors. This excludes a lot of destinations
like indoor musums. Another problem with GPS detection is the accuracy
Performance can especially degrade in frigh urban areas [Santes al., 2014].
there area lot of LO's located in a small area, it might be hard to handle presenting them
correctly and the ger mightend up seeing more content thvaas intended

Because GP8oes notvork in enclosed spaces, other technologies like RFBio
frequencyidentifier), QR codesand Bluetoothhave been utilized in indoor learning
settings[Santoset al., 2014]. These solutions usually requitkat the teachers have
access and control over the space where the learning activity is going to occur
beforehandUsing the tagbased solutions like RFID or Q€bdesto present location
based information to the usdras theadvantage that you can easily point the exact
locationof the learning objecegecially in indoor situations.

What m&es using QR codes mol&boriousto the content creator is the fact that
the codesare physical objectse(g. printed on paper) arttie content creator must
position the tags in a specific place, making sure that the right code is in the right place
This means that somebody has to take the QR codes to the destination beforehand
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which could be problematic if the destination is faragwor if access to it is limited
Another problem is the use of physicaljesiis placed in public spaces, whelne QR
codes might be exposed to vandalism, or it might be hard to get perntssenup
(e.g. in museumsPn the other hand)R codes areasy to print and cheap to produce
which makes reproduction not such a big probj&memza and Hoppe, 2013]

Web map serviceare a key paiin authoring locatiosbased learning activitieand
in displayingthe user their locatioor the locatn of leaning objectson a map in
outdoor settingsOne of the most commonly usedmmercialweb map serviceis the
one provided by Googlénttps://developers.google.com/mgpdhe Google Maps API
enables the use of Google Maps on websites and mobile amplEdrobably the
biggest differace to other web map serviceand a major advantage ofing the
Googleweb map service, is the street view option that enables pnecese positioning
of the learning objectsOpenStreetMap(OSM, https://www.openstreetmpaorg is
another populaway to include geographical datéo an application. OSNk based on
collective gathering of opesource geographical datand it can be freely used together
with different frameworks and tile providefBhe word tile is used fahe small images
that web maps consists. @epending on the provider, tiles can have various styles that
are suited for different purposesg.a satellite map for a realistic vieo¥ the arear a
transit mapthat highlights metro lines in a certasity. In the constructive part of this
thesis, OSM was used together with the Leaflet library to provide web map services for
contentcreaton n t he SeekONOG6Share platform

3.2. The 5R adaptation framework

Information retrieval, personalized knowledge managenaamt,contexaware mobile
services management are some of the challenges regarding the development of adaptive
contextaware mobile learning systems [Tan et al., 2011]. To help with thisTasket

al. [2011] present the 5R adaptatidrlamework fordevebping locationtbased mobile
learning system The framework usesvailable contextual information about the
learner, location, time, and thewuilee, to generate and addptarning contento be
consumed using a mobile device or a PC.

The frameworkoy Tanet al.[2011]is based on an ontology modxlpersonalized
learning objectives, learning context information and the proposed 5R constraint
information, where the learning content is -peveloped and stored in a learning
contents repositoryAccording toTan et al[2011], the goal of the 5R framework was
to create a standard structure that can be used as @ancigtacture when designing
mobile learning systems with the support for adaptation of learning contents.

Tan et al.[2011] presenthe adaptatin concept of 5R as: at tingght time, in the
right location, trough theight device, and providing thaght contents to theight
learner.The right time includes two factors, the détae when the learning context is
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available (e.g. depending on opan hours of a museumpand thecontext of the

|l earnerdos | earning proceslilsearMmer s ghheodroamh
e.g. GPS coordinate®r outdoor learningactivities and QR code information for

indoor learning activitiesThis means that the mobile learning systenust be able to

track the usés location.The right device means adapting the content so it will work on

the target device based on the operating system and available hardware and other
features. The right contents inde learning objects, learning activities, and learning
instruction included in the learning contents repository, which needs to be properly
described and tagged for it to be filtered based oh teea r n e r .dIse righdearnes x t
aspect includes statiand dynamic information about the learner, including learning
objectives, progress, behaviors, and assessment results, which can be automatically
gathered by the learning environment, or manually entered into the system. Using this
information to adapt # learning contentoptimized and personalized learning
assistance can be provided, which usually is not possible in traditional classroom
learning. For the content adaptation Tan et [@011] provide a mathematical model
where the inputs are theailable learning content$ycation constrains, time constrains,
learner constrains, and mobile device constrand the result is the learning resources
matching this contextual informatio8ince presenting content that is out of context, or
cannot be viewean theu s s device, can cause significant distraction and reduce
motivation, proper adaptation is essential for the learner to be able to focus on the
learning task effectively and pleasantly [Tan et al. 2011].

As discussed isection2.6, there is dlithe problem of how to describe and tag the
locationbased learning contents and their relationships in a unified and reusable way.
Tan et al.[2011] use a components ontology to describe the five adaptation inputs
(time, location, device, content, aneatner) and to identify data structures and their
relationships. In a full 5R system architecture, a content creation platform based on the
5R input ontology is used by the educators to develop lochtisad learning contents.

An example architecturef a full 5R adaptation mobile learning systdm Tan et al.
[2011]is presentedh Figure 1.
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Figure 1. The 5R adaptation mobile learning systemarchitecture by Tan et al.[2011]

Ako-Nai and Tar{2013] used thepresentedR framevork as a base for creating a
locationbased learning management system for adaptive mobile learning (IMS).

LMS consists of eight main components: (1) location sensing engine, which is used to

match the locatiofbased content and group usés collabaative learning activities
based on the | earneroés | ocati on; (2)

learning style, preferences and interests; (4) learanggne, which handles presenting

the learning contents, and keeping track of the completed assignment; (5) messaging

engine, which provides studetastudent and studed-instruction interaction; (6)
administration module for managing administrativection; (7) instructor module for

managing | earning contents, LO6s and
to access |l earnero6s informati on, retr i
learners.

Thefive main concepts of theR framework was used as a guidelinetfoe content
creationin the LMS, in order to be abletouseth@ ar ner 6 s c oledaning t
contents to meet the requirementstioé learner andhe used mobile devicélhe
content was created accordingtihe 5R inputschema presented in Figure ZheTmain
inputs of the framework i learner, location/learning environment, learning
object/content, presentation types/devices, and tinseeate reusable building blocks
that are used to create learning contentaf courséoy the educatordA course consists
of a name and a collection dbcaion-based learning objects, which include the
material and/or learningctivities connected to thenthe order of the learning neaials
are meant to be presenteahd theytpe of device the learning material can be accessed

cont e
contents; (3) grouping engine that can be used to group learners by their location,

Vi
nc
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Figure 2. The 5R input schemaAko-Nai and Tan, 2013

Courses created using the LMS presented by-WR&band Tarf2013] can have as
many learning objects and different locats connected to &s neededThis means that
a learning object with a certain learning goal can be connected to similar locations in
e.g. different cities and therefore it can be easily reused. Theolotased learning
objects donot havetobeconnece d t o certain coordinates,
be used, where the user needs to find e.g. the closestwhvere the connected learning
assignments can be conductedor LO6s with a set | ocation,
in order to define win the users will be able to access the content. Learning activities
and materials can be added in multiple formiatsluding video, audio, flash or text, in
order to support the adaptation functionality for different devices.

When a learner signs in the learner module and selects a course, the gathered
context information is sent to the learning engine, which then returns the adapted
content based on the uéetocation and other contextual informatioBuring the
learning activities, the grouping @ng can be used for collaboration between peers. In
the example assignment by Alai and Tan2013], students are required to discuss
their findings and create a presentation for the next unit of the course. This is the same
method that is used in the 86 N6 Shar e pl atform di scussed
exception that the collaboration and creating a joint presentation is conducted as group
work using a joint mobile device.
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Even though the approach by Akai and Tarf2013] gives a moraisefulapproach
to the 5R framework, it does nat this point gze a full presentationf how thecontent
information isentered to the system in practidéore practicalsolutionsfor generating
locationbased learning contewtll be discussedn the next subsection dfis chapter.

3.3. Content creationfor location-based learning applications

Content creation for locatiebagd learning applications cadiffer based on the
learning contextand the chosen technology and pedagoigy the application The
learning activitiescan be divided into two main categorids|ased on whether the
learning activity is intended for indoor or outdoor contéxépending on théype of
chosen location, content creation can have different requirements.

Santos et al[2014] did a study on what ost be onsidered when designing
learning activities for GPS supportednobile outdoor karning Content creation for
GPS based systems differs a lot from-lbaged systems, because it enaluestent
creation without the teacher actually going to the legrrareabeforehand After
studying previous work done in the ar8antos et a[2014]found out thathis was not
actually true in all case8ased on this findinghey decided tadivide the design and
content creation process into two different categgobased on theoutdoor setting
virtual and in situ design.

Virtual design of an outdoor learning activity can be conducted wittheuteed to
interact withthe real physical area. Learning objects can be connected to a specific
place usingts latitude and longitudeoordinates. To help the teachers with this process
a web map service c anntheeghtucaiahThisapprpdcrace t he
was alsousetht h e S e e kagsiynin8nh ealitorepresented in Chapter 5

Design in situ is requiredvhen a digital map is not enough to define the
characteristics of the arear if the learning activity is to be conducted indodrke
teacher is requiredo interact with the environmenh order to connecthe right
coordinatesor tagto a LO in situ.This type of design must be applied when the
environment is constantly changing, like in natural parks, gardens or exthnbtits
outdoor and indoor)An example of this type of application is the Mobile Plant
Learning System (MPLS) presented bijuang et B [2010], which was already
presentedn Section2.5.1.With the MPLS the student and teachers can add content to a
shared database by connecting their current location with images and notes about the
surrounding plantsEven t hough t heornSmesdntéed\ivo SHager 4 pl at f
already supportsapturingcontentusingthe mobile applicatiorthis information cannot
be further utilized in the assignmentat the momentTo support in situ content
authoring, content created using the mobile applicationuldhde automatically
assigned with GPS coordinates and made available in the assignment editor tool.
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In the next subsections of this chapter, some examplaile learning platforms
with included supporfor creating locatiorbased learning content will beresented.
The QuesTinSitu andreasureHIT discussed irSections3.3.1 and3.3.2respectively,
areapplications forGPSbased outdoor learning activitigd/andering and Mobilogue,
presented irSections 3.3.3 and 3.3.4upport loth outdoor and indoor le@ng; and
etiquetAR and an RFHbased learninghnanagement systepresentedn Sections3.3.5
and 3.3.6 arexample of tagbased solutions for locatiesmware mobile applications.

3.3.1. QuesTinSitu

In the experiment conducted by Santos et[2014], an mlearnhg system called
QuesTinSitu was used for two different learning activitigth different locational
requirements for content authorin@.) exploring the history and art of Girgnasing

virtual design to author content, and (2) assessment at the bgaadén of Barcelona,

with in situ design. A participatory design approach was used to understand and define
the type of information the teachers needed to design their learning activhies.
system was also tested with students taking part in the aguhraing activities based

on the formative assessment learning strategy.

The QuesTinSitumobile application provides different routes with geolocated
guestions to the students. After selecting a route, a map is shown with all the questions
for that rode, where aifferent marker is used to distinguish between answered and
unanswered questions. When the studgatglose to a marker, the questimeiated to
that locationis automatically displayed. The idea is that in order to answer the question,
the dudents need to interact with the environment e.g. by observing, touching, or
talking to other peopleAnswers to the questions are automatically scdmedhe m
learning system

Google Maps was the chosen web map service to provide geographical informatio
for authoring contenvirtually, displaying the usés location on the mobile device and
to provide a monitoring interface for teachers. In the virtual design of learning
assignments, theachers can usemap to assign questions to a location by cfigkbn
the desired destinatiorin the research case by Santos et[2014], the learning
resources were associated with visible landmarks andreals of the space.

A unique feature in QuesTinSitu is the monitoring feature, which enables the
teachers ta@onstantly monitor théocation andorogress of students during the learning
activity. This way the teacher cad.g. contact a group that is moving out of the
perimeter of the defined learning area correct any misunderstanding that can be
detected baskon the students answerBhe system itselfloes notoffer support for
communication or cooperation between teachers and students, but bedhesether
communication possibilities offered by mobile devices, was not considered tde a
problem. Students in the experiment used Twitter, Whatsapp a&mdail for
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communication. The teacher used email to communicate with the students, while
Whatsapp was mainly used by the student to share personal comment about the learning
activity, and Twitter was used share the results with other studsarid teachers of the
schoo) by using a certain hashtag to identify the content created during the learning
activity. For a more complete #earning systemjncorporatedcommunication and
cooperation tools should bewkloped like in the example framewotky Ako-Nai and
Tan[2013] presented itsection3.2

In the design phase for the first experiment (exploring the history and art of Girona)
some key requirements were identified by analyziagigndocumentation praded by
the teachergrior to thedesign activity and during theactual participatory design
activitieswereconducted to create the learning contéimivas discovered that teachers
need to be able to divide the learning activities into smaller subanehslefine the
learning resources based on thdihis notion supports the idea to provide the teachers
the possibility to define learning areas that can have an unlimited amount of areas inside
t hem, as in the SeekONOGSh arapter a8 Bhe segondne n t
requirementdiscovered by Santos et 42014] was the ability to edit the grading
mechanisms connected to questions. Thirdly, the teachers considered the time factor
very important when planning the activity, mainly on the day of tiwigy, and the
start and finish time for the activity.

Because the QuesTinSitu systelmes nothave an application for in situ content
creation yet, this part of the research focused on evaluating which functionalities should
be offered to support thiyge of designThe researchie chose an existingndroid
application called WayPoint to collect the data in the in situ design ghasthe actual
design activity, the teachers and researchers needed to visit the botanic garden of
Barcelona to see whighlants were in a condition to ask questiabsut them, and then
come up wth the appropriate questions to support the learning activity. This experiment
showed that the teachers should be able to make a sketch about the planned route in
situ, but then haathe opportunityo finish the design using a web authoring taith a
map of the added dath was also discovered that teachers liked to divide the tasks of
content creatiotetween the group of teackeéaking part in the designing activityand
that collaborative editing of the questions should be supported by theanmmng

e

system.This was considered to be one of the key requiresrehts 0 i n t he Seeko

assignment editor presented in Chapter 4.

Because the accuracy of GPS positioning is nogeod, Santos et a[2014]
suggest that there should be around 30 meters distance between the different geolocated
points, but there should be the possibility to add multiple learning tasks to a single
point. The appearance of multipleataing objects irthe same areeould make their
location unclear and decrease the feeling of contextual learning [Santos et al. 2014].
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The SeekdNOG Sdisaussed irp Batersf 4oandnSupports adding multiple
tasks to a learning object, but also enables adding teish different learning contexts.

Santos et al[2014] mentioned in their studyhat fudents interactions with the
learning system should lveell recorded, andtatistics reportprovidedto the teachers
about theassessment progress after the in €tarding activity. For the learning activity
from the st uidwe it was discqverdad that théked tosrwork in groups
cooperativelyand that hints and descriptions before the actual question about a certain
topic helped to promote the explaaoat of their surroundings. It was also an interesting
discovery that the students preferred to use a paper mapagmgesp of the whole area
because of the size of the mamd use the mobile device to check their own location
and to see where the learg tasks were situated@his combination of a paper map and
mobile device seems to be beneficial for the learning actamtgt was recommended by
Santos et a[2014].

3.3.2. Treasure-HIT

Another example of a system using virtual content creation is a makedeure hunt
game called TreaswiélT presented by KoheWacset al.[2012]. The system includes
a web based authoring environment for the teacheis a mobile application used by
the students. Like in QuesTinSitu, the Google Maps web map service whgsouse
author the learning activities. Teachers saarch the map by address or locgtenmd
place markers that represent stationsthe map by clicking on itt is alsopossible to
control the radius of required distan@lerance)or the station to & activatedlike in
the LMS presented by AkNai and Tan[2013] in Section 3.2 Because of the
limitations of GPS, the minimum distance is set to be 20 mdtdssalso possible to
use Google Street View to position the stations more accurately ais $eguare3.
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Center map by address or location

[Jaffa clock tower ]

Tolerance [m]: () [ Save J[ Cancel |
20

Figure 3. Google Street View can be used to refine stations position inthe TreasureHIT mobile

learning game.[Kohen-Vacset al., 2017

Each station infreasureHIT must be assigned with at leasteariue thathelps to
guide the players to the station. The clues can be textual, images, or links to other web
content.Using Google Street View also offers the content creator the possibility to use
screen captures of the map as instruction or clues on the lochtlmnlearning object.
Different tasks can be connected to the stations for the player to performentor
advance in the game. These tasksild be quizzes or requirements for collecting
information.

The author of the learning assignment can defineuge that the players have to
follow, or one can bereatedautomaticallyby the system with certain preconditions
like calculatingthe route based on the shortest path. Based on thesughord e f i ni t i o1
the route caralso be different for each playerd teacher can as weléfine a starting
point for the game, or let the system auto assignfor each playetf the players have
different routes, the teacher should define a generic feedback for the studentseyhen
have reached the end godliHe final station is same for all the players, the feedback
can be related to that station.

The Treasur¢dIT system provides an API that supports possible connectivity to
other learning platforms and the use of learning objects from external environments.
Thegoal of the TreasurBIIT project is to have teachers creating learning materials that
can be used to improve the design of the sys$tether, and which can be used by other
teachers as examplds.was also mentioned in the paper by Kohats et al[2012]
that in the future the system will also support communication possibilities between
students and teachers, and control faciliti
during the learning activifyas in the QuesTinSitu example presented3riL3.

The TreasurddlT mobile application is designed for cross platform mobile
operating systemand it can be downloaded to various GPS enabled mobile devices. A
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unique identifier is connected with each game created by the authoring system. After
instaling the application, the user can start a specific game by entering an identifier
provided by the teachel. hi s same approach was used i
discussed in Bapter 4 but instead of using a hard to remember identifier, the students
can choose the appropriate activity from a list of available assignments.

When starting a new gameiyst some initial instructions and guidance to the
starting point are given to the player. The game advances by the application giving more
clues after the ser has reached a station and performed the task connected to it. The
usefs location is not automatically detected, but the user can use the mobile application
to check their location at any timi.they are close enough to a determined station, a
confirmation on the location is given and the connected tasks are introduced. The game
can be played as a competition between individuals or as teams. Even though research
has shown thad game like approach to mobile learning and positive competition can be
effective, it should be considered that if the students rush from one station to another in
order to win the game, it might have a negative effect on the learning results as were
seen in the research by Cla014.

The Treaste-HIT authoring environment iavailable athttp://treasuréit.telem
hit.net/erUS, and the mobile application can be downloadegito Android devices
from the Google Play app store.

3.3.3. Wandering

Wanderingby Barak and Ziv[2013] is another wekbased platfornthat facilitates
authentic and interactive in situ mobile learningooth indoor and outdoor activities
and includes support for virtually designing these learning activiiesording to he
authors [Barak and Ziv, 2013WWandering also supports the development of important
215 century skills like engagement with others, personalization, control refeab¢he
ability to adapt to changess well as accessibility, reusability and ireerability,
which are principles agéed from objecbriented programmingand the main
functional rguirements for learning objects.

The learning experiencegrovided by Wanderingare based on locatidvased
interactive learning objects (LILOs) which are called stations in the application.
According to Barak and Zij2013], besides presenting interesting content in the form
of LILOs, the most important part of Wandering is the support for constructivist
learning where the students create the LILOs themselves by first engaging in searching
for information, creating a LILO based on the discovered information, sharing the LILO
with their peersand organizing the created LILOs in a meaningful way.

Anyone carstart usinghe application by signing in with an existing Windows Live
ID, Yahoo accant, OpenlID, Foursquare account,aoseparate accounan be created
justfor WanderingWandering, 2015]A guest account is also available for viewing the

n
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stations According to the paper by Barak and ZA013] Google acount and Facebook
account canlao be used, but these options have since been remdkedapplication is
available atttp://thewandering.net/

The Wandering platform offers two main fitionalities: creating stationand
exploring the createdstations. To find LILOs that are relevant to the user, the
application provides means to filter the conténtOs can be searchdgy name of the
location(e.g.street name, city, museuyby keyword, type, or possible costs related to
the station (e.g. omseums with entry fegspnd byshowing stations near the u&er
current locationThe LILOs are divided into two types: Knowledge LIL®stcontain
systematic informatioand Experience LILOs that should inspire emotions.

According to Barak and Ziy2013], because anyone can add new stations to the
platform, content reliability was a big concewhen developing Wanderindo verify
the reliability of a LILQ a grading mechanism is used among the u&#adions can
also be given a certificate by an expeser, andhis canalsobeused as parameteto
filter the stationsln order to improve the reliability of the contentatsonscannotbe
created aonymously and anyone can see wireated the stations. This makes the
creator responsible about thecaracy of the provided information. Inappropriate
content and misuse of the platform can also be reported to administrators using an
online form.

The user can choose if theyamt to explore individual LILO%r find a route to
follow. LILOs can be viewed aa list or as markers on a mag/hen an interesting
station is selected, the user has four different options to interact with the LILO: Go, Do,
Info, and Share. By selecting Go, the user is presented directions to get toitime stat
(map and verbal direcns); Do contains the learning aaty connected to that station;

Info provides more information about the subjaetl who created the statiand Share
enables sharing the LILO via different social media platforms, adding comments and
grading the qualtof the LILO from 1 (horrible) to 3 (excellent).

The process of creating a statiocludesfive differentsteps Info, Arrival, Action,
Tagging, and Characterizinglhese steps are divided into separate tabshe
application(namedas Part I Go, Pat 21 Go, Part 3 Do, Part 4 Tagging, and Part
57 Info) as seen irigured. The first step is to add some preliminary information about
the station, likea name, a textual description and the geographical information about the
LILO. The user can sedrdor locations to place the LILO in the right position on a map
provided by the Google Maps APTo help with creating a good description, the

foll owing instructions are given: AThink

It ?0

0
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Part1-Go Part2-Go

General info about the station you're building

© Think of a place. What do YOU find interesting about it?

@ Search map

Tampor, rind «»
3 ~ z wyualankaty

Latitude 61.4981508
Longitude 23.761025399999994

© Name of the Place

Figure 4. The first step of creating a station in the Wandering platform [Wandering, 2015].

The next stepArrival) contains information about how to get to the station. This
could be a question the user has to find the answer to, an acteythake to perform,
or the geographical location of the station (e.g. addr@$®.user can also choose to
add an image, audio file or a video to be shown to help locating the station. It is possible
to use a file previouslyploaded to the service, uptba new file, or use a predefined
URL to display content from a different servi€gnly one type of arrival info and one
type of file can be selected (if the user has chosen amittala picture/sound/vidgo
To be able to support the concept of contxtreness, it should hmssibleto add
different ways to enter arrival information and to be able to add multiple content files to
the information.

The action part i€onsidered to béhe main content in the LIL{Barak and Ziv,
2013] Here the user needs describe the action related to the station. This could be
something that the user can perform by themsebres could involve other people as
well. The creator can also define a question that needs to be answered using text, or by
uploading an imagevideo or an audio fileThe question can be in the form of a test,
which requires the author to write possible right answers, and feedback if the question is
answered correctlySurprisingly this step does notgive any options to include
additional content other than a textual descripti@md a question connected to the
station For example smaller children could bendfim being able to receive the
instructions using audio or video.

In order for the users to find relevant LILOs, the station creatotohadd keywords
describing the content of the statikmowledge, place, time, etcljagging is the fourth
step of the creation procetseeFigure5). Besidesadding the normal keywords, the
user needs to add additional information about the staticlmding an emoticanverbs,
availability of the LILO (e.g. opening hours for a museum), and adjectives iortime f
of icons that best descriltee LILO. Even though offering rich ways to tag the content
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is very important, the used should not be forceddw all the different types of tags
available.

Fertd oo a2 00 a0 (T
Tag your station according to these categories
@ If someone would have searched the station on Google, what key search words would he use?
People (e.g. Einstein, Tom from the cafeteria etc).
Einstein
© Area of knowledge (e.g. History, Children’s games etc.).
History
@ Emoticon (e.g. Optimism, War on illiteracy etc.)
Choose the figures that describe your station

see more

© Choose the time your station is active
Daytime —————————————— "\
Season S5
Days

Figure 5. Tagging information required for describing a LILO [Barak and Ziv, 2013]

The last part is to characterize the station, and define a type for the LILO
(Knowledge or Experigce), and add information abotlite costs and other info that
needgo be prepared before visiting the statiormhe usemlso needs to add a description
why they wanted to create this station, and an additional image for the LILO. After all
the informationis finally filled in, the submit button appears and the station can be
submitted to the systeriiVhen a LILO is saved, it is assigned wittiormation about
the creator of the statipmnd a URL address that is used to retrieve the information
about the sttion. As a general instruction for content creating, the users are encouraged
to keep the information short and concise.

The user is guided thrgh the station creating procdsg makingthemfill out all
the information on a page befobeingallowed tomove to the next step. This helps
making sure the user has filled in all the necessary irsom, but also limits the usar
possibilities to work at their own pace, especially since the LILO can only be saved after
going through all the step3he otherproblem is that if the content creatdoes not
work fast enough, they might lose all their wonkhichactually happened during testing
of the applicationbecause of session timeout and the lack of saving option during the
creation of a new LILOThis an make the user fill out the content in a hurry, which can
diminish the quality of LILOs. The wizastype approach could be used when the user
uses the authoring tool for the first time, boitniake authoring stations more fluemt
the future the user Isould not be forced to proceed in a set order and to add all the
information in one sittingThis approach is quite the opposite that has been used in the
assignmenedi t or f or t he SisherkdSdNSSes mahapterpHerat f or m
the user getsotwork on a whole assignment on just one page, and the only required
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information is the coordinas of the learning object thate automatically saved when
the element is added to the map.

Because the user has to fill out all the inputs on a page betmeagrforward, it is
poor usability to add additional inputs after the user has filled in one field, if there is no
selection involved that could require the user to add additional information. This
happens e.g. in the first page when the user has filledname for the station, duan
additional field for a description is displayed. After filling in the description, a set of
options are displayed where the user needs to select the appropriate option that
describes thestation the best. This type @fddirg new inputson the fly is used
throughout the content creation process, which made it a bit annoying.

To help with the content creation, a set of tips and concrete examples are given to
the user about what type of information they should enter. Thedmmidisplayed when
hovering over or clicking at the info icons connected to the inputs as seen in4iigure
This is good, because concrete examples help the user to better understand what kind of
information is expected, rather than using just a labels @minishes the neeabif
additional instructions oreading a manual before being able to create good LILOs.
Although at the time of writing this thesis, not all of the hints were translated to
English.

Besidesdiscovering and creating stations, the Wenmty platform enables the user
to edit their profile information, previously created stations, and nieelia files
uploaded to the service. LILOs can be organizeaneaningful waysnto different
activities like routes or games (e.g. matching game, bierggswaod puzzle, monopoly,
of Tic-TacToe).Using gamebased learning has the potential to address the way young
people learn today and to engage them more successfully as was suggested by Huizenga
et al.[2009] in Section2.2. Barak and Ziy2013] highly recommend organizing LILOs
into different learning activitiem orderto create more structured learning experiences.

When creating a new activitthe user can choose to wsasting LILOs created by
anyone or add new LILOs to their own collectioduring the creation proces¥he
Wandering platform also provides an opportunity to orgahlz®©s under a specific
code, which can be used to create content that is only visible to specific groups or
subjects [Barak and Ziv, 2013JTo support indoor learng, each LILO can be
connected to a QR code as wdllach of these activities requsrdifferent kind of
operations, and going through them here is out of the scope of this thesood to
offer plenty of different ways to organize the learning disjelout because créag just
one LILO is so laborioyghis option might be overlookett alsoseems thabesides the
gamelike approachthere is no pedagogical stratdgghind these different options.

The Wandering platform was evaluated by conducéingexperimental study with
102 grade nine studerfty Barak and Zij2013]. The goal of the study was examine
thelearnirg outcomes and experienagsthe studentsvhile usingthe platform to create
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new LILOs andexploring content created by otherBarak and Ziv[2013] were also
interested on what kind afew skills might beneeded for teaching and learning when
using the Wandering platform.

The students started the activity by exploring previously created exemplary LILOs
that were placed around tlsehoolyard. Afterconducting an activity provided by a
LILO, the students were introduced to the Wandering platform by the teaokessked
to create a LILO while the teacher guided them through the process. Then the students
were given an assignment ¢oeate at least two LILOs individually or in pairs without
supervision from their teacher. As a part of the assignment, the suwbstasked to
encourage peers to visit the LILOs they had created, and to comment and rate LILOs
created by others. Latehng LILOs were graded based on the relevancy of the content
and the comments added by peers.

The result of the study confirmed that students like working in groups and that
cooperation is important in this type of learniMjorking in groups also resulted i
better results when looking at the grades given to LILOs. It was also observed that
students or groups who created more than one LILO had also higher scores connected to
them. Even though the task was to create at least.iLOs, it was reported that 4%
the students created only one, but the paper by Barak afjd@®i8] does notlaborate
reasons behind this. It would be important to know why otli&gsnot manage to
produceeventhe required amount of LILOs.

Barak and Zivj2013] reportthat he stuéns were motivated to create the LILOs,
but their use of the tagging and comment tools were not very efficient. This indicates
that theydid notunderstand the importance of tagging the LILOs corrécttyderto be
able to filter the relevant contelater on andthe application ofising the comments to
improve the contendf the LILOsin a cooperativeway. Overall Barak and Zi{2013]
consider the Wandering platform to be succ
experiences and skills requiredtire 2F' century.

When visiting the Wandering site, it is clear titas designed for mobile devices
with small screen size. Unfortunately using one layout for every deloies notwork
very well especially with larger displays. Buttons that stretcbsascthe whole page just
look awkward and make perceiving the page more difficult. Since especially creating
the stations is most like to be done using a PC, it would be important to adapt the
layoutat least for that. Since Wandering is a web applinatoeating different layouts
for various screen sizes can be simply done by plain CSS.

Even though the Wandering site is up and running and anybody can use it, based on
the brief testing done by the author of this thesidpés notseem stable enougb be
used in productionThere were many technical bugs when creating and editing a station,
and e.g.the need to fill out every bit of information in thedging step of content
creation(even if the label indates that it is optionahight have beera technicalbug.
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Even though the content creator is only supposed to see the files uploaded by
themselves, during the testing of the application there were also other files visible that
were notuploaded by the author. This indicates big problems with irdbon security
and access control, which are crucial in the context of learning.

Because oéll thetechnical difficultiesencounteredthe Wandering platforraannot
be recommendk but by fixing the mentioneildsues ithas potential tbe used as a base
for providing locationtbased learning activitie3his example shows the complexity of
creating content for locatiebased learning applications, and the importance of making
the content creation process as smooth as posHEibtmtent authoring is tooifficult,
the applicationwill not be used beyond the research phaSmmpared to the other
applicationthe Wandering platform lacks the need to actually perform the learning
activities in situ, because all the stations are available at any point, alogation
detection is used to present the information, except in the case when QR codes are used
to facilitate learnig.

3.3.4. Mobilogue

Mobil ogue (craNMOBInl eGUL @ a n c Gemga andpHompRE3,t ed by
is another example of a domain independentart authoring and content deployment
platform that combines the use of GPS and QR codes to create tour like learning
activities. They haveidentified that a lot of these types of applications are already
available for museums etc., but they are usuallygeneral to be effectively used for
educational purposes. The Mobilogue platform uses QR dodé&sm a tour of the
learning environmentandto provide in situ learning content and additiosnuli in

the form of quizzes, which according ®emza ad Hoppe[2013] brings the gaming
aspect to Mobilogue. A quiz should be about a subject that requires the user to engage
and interact with the environment in order to answer correctly. The quinneected

to the QR codeare simple questions with four avering optionsfrom which onlyone

is correct.

Each QR code contarma unigue identifier that connects the location to the content
created with the authoring tool. The Mobilogue platform also includes a repository
where this content is stored. Each coda also be connected with GPS coordinates, so
the users can be guided to the learning content using the mobile application. Using GPS
is optional, which meanghat Mobilogue can be used both indoor and outdoor
settings. Besides the quiz functionalitydaGPS coordinates, the location can have an
additional image connected to it. This image could be used to help guide the students
indoors, if the location can be recognized through the picture.

The Mobilogue authoring environment differs from the otheresged authoring
systems by not being a web based tool. The authoring application has been built as a
plug-in for a grapkbased modelling environment called FreeStyler. The application can
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be downloaded fronhttp://mobilogue.collide.infg/ and it is available for Windows,
MacOS, and Linwoperating systesythe only requirementor the application igava 7
[Mobilogue, 2013].

According toGiemza and Hoppg013], the idea belmd the Mobilogue authoring
tool is to have both studemiand teachers creating the learning contestwith the
Wandering platform discussed i8ection 3.3.3 The application uses the direct
manipulation paradigrfor creating and organizing the learning objeats] it should be
easy enogh to be used by everyone, without regards to their technological background.
This approach was also wused in the design
presented in Chapter 5.

The planning of a route starts by adding a new location node with arnidea
description. Adéd location nodes can be dragge@und in the main view seen in
Figure 6. To create a route, the location nodes must be connected to each other by first
clicking on the arrow button of a selected location, and then clicking onekie n
location in the main view. The created route can have multiple incoming and outgoing
edges.

200_ralley_english.xm - FreeStyler
s Melp ——

«

Figure 6. The Mobilogue content authoring systems main vie\\Giemza and Hoppe, 2013]

To add GPS coordinates to a location, the gserclick the markebutton in the
lower left corner inside the location node to open the GPS Positioning ,EBditeeen in
Figure 7. The editor enables the user to search locations, or use their own location if it is
available (used as default positiofiflobilogue, 2013]. The map shows only the
location of theselectechodeat a time. It would be useful if the user could see the other
added nodesas well, so they could easily see whmtethey are modifying, and what
the relation to the other nodes is.


http://mobilogue.collide.info/

800

|QZoo0, Duisburg, Germany
AN

Figure 7. The Mobilogue GPS Position Editof{Giemza and Hoppe, 2013]

A quiz can be added to a location by clicking on the button with the question mark
icon. This opens up the Quiz Editor seen in Figureere you can add a&ew question
with four possible answers, and an explanation that is shown to the user after answering
the question. Only one quiz can be added to a location. A better solution would be to
enable adding multiple resources to a single location, as suggasthd study by
Santos et a[2014].

Mm

Question and Answers
Question [How many cervicals does a giraffe have?

Correct Answer |7

Wrong Answer [10

Wrong Answer [12

Wrong Answer [14

Explanation As a giraffe is a mammal, it has only seven
cervicals, despite of having such a long neck.

l Save ” Reset H Delete ” Cancel ]

Figure 8. The quiz editor for Mobilogue [Giemza and Hoppe, 2013]

After a route has been successfully created, the final steps are saving the route to a
repository, printing the QR codes, apldcing the codes in the matching locations. The
Mobilogue repository stores all the information connected to a route, and provides
lookup facilities through a RESTful WebService interface using the JSON pro#scol
does the SeekdNO6 U amrChapter 4Actofding toGiemzaeasde n t
Hoppe [2013] this open architecture enables creating new implementations of
Mobilogue and adding support for other devices.
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When printing the QR codes using the authoring tool, the user can define the size of
the pinted code, and add an optional subtitle to[Mobilogug 2013] If GPS
coordinates have been used, special attention must be paid when placing the QR codes
to make sure there are no conflicts.

The Mobilogue Android application can be freely downloafledn the Google
Play store. Before the user or group can start using the mobile application, they have to
create an account to the Mobilogue service, so actions of different users can be
distinguished even if the same mobile device is used by multiple (ser when the
school provides shared devices for stugémt do not own a mobile device). A logged
in user can see a list of the already performed activities on thepsige of the
application. The start page also includes the next activity ot afl{gossible activities
the user needs to perform, and a QR code button to activate the code scanner provided
by the Mobilogue application. The paper Gyemza and Hoppf013] does not give
any clarification on how the user can select the route orpsoitided automatically
based on the ussrocation.

When the user locatesaQRcadad uses the mobile applica
read the tag, the description, image and the quiz (if not already anyweneected to
that tag areshown. If the learing activity is outdoors, and the location nodes have GPS
coordinates connected to them, a map with the@isenrent location can be shown
with a list of available locations. BHocations with GPS coordinatase marked with a
separatemap iconin thelist of available targetsThe application does not enforce the
order of the locations, and the user can scan the codes in any sequence.

Answers to the quizzeare stored on the mobile dexjcnot to the Mobilogue
repository. To enable the teachers toleai the learning activity, the system should
support downloading usage reports and answers on the learning activisaggested
by Santos et a[2014]in Section3.3.1 The users can control the saved information by
deleting the whole activity logvhenever,and possibly go through the same learning
activity again.

Giemza and HoppR013] conducted a feasibility study on the authoring tool to see
if it fulfilled the goal of simplicity and if real learning ®marios could be created using
the platform The study was conducted with 20" @rade students creating content
based on an introductory given by the teacher, with the idea to stimulate interest
towards the topic and foster learning by teaching. No majonieahdifficulties were
observedduring content creation, but creating rich contdmt the studentswas
considerecthallenging. For example many of the locations did not have any description
or instructionconnected to therat all. Even though constructive learning is considered
to be beneficihand even required of effective-l@arning solutionsHuizenga et al.,

2009, creating content from scratch might not be the best apprimatifis context, the
wizard type approach and using real examples as hints of the required data as in the
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Wanderingplatform discussed iGection3.3.3, could have improved the quality of the
learning content.

It was reported that when the studegot to try the content created by themselves,
this seemed to increase enthusiasm and encourage the stodergrove thecontent.

This proves the importance of being able to test the created content before applying it in
a real in situ leaming activity, as in the results from the pilot group testing the
SeekdNO6Share pl atf or mb5.3. The redpansettiieMabitogus s e d
authoring tool itself was very positive, and that using it was easy because there was no
need to care about the technical details related to creating lobatsed content for a
mobile application.

A usability study on the Mobilogue mobibgplication in a museum context was
also conducted by Giemza and Hop@2©913]. Results were overall very positive,
although some technical problems were reported. One of the problems was issues
reading the QR codes in dimly lit locations. This is somethirat needs to be taken
into account when designing the learning activity and when placing the codes in the
learning environment. Because the workflow using the mobile device is very structured,
this left the students feeling like they did not really hawatrol over the learning
acivity, even though the users couietely choose to deviate from the planned route.
Because the learning activity was cantéd indoors, there wam evaluation of using
GPS for location detection. Based on the experim@8% of the students would
recommend using the Mobilogue learning application in a museum context.

What could make Mobilogue a more successfdéarning platform, is to add more
content optiondike video, images, audio, links etévhen GPS is useto guidethe
studentsthe need to scan the QR codé®uld be removedndinsteadtake advantage
of the location awareness of mobile devices and display the content automatically when
the user is1ear a target. At the moment the format for quizzes is very simplstact.

As stated by Santos et §014], it would alsobeimportant that the grading mechanism
could be edited by the teachers. To get better learning results, a suitable learning
pedagogy like formative assessment should be apylige learning @itform

3.3.5. etiquetAR

Tagbased solutions are used to attach digital information to physical objects in order to
extend and transform real spaces into digitally augmented spaces faéesustiret

al., 2013. As stated by Pére3anagustin et dl2012], there are many tools fareating
content for these talgased solutions, but they have not been designed with the learning
context in mind, which can make creating novel learning experiences difficult for
teachers and studenBérezSanagustin et dl2012] present a toatalled etiquetARor

this purposelt is a web based authag tool that enanlesreating content for QR codes
(available atttp://etiquetar.com.es/The codes created with the etiquetAR can bd rea
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with any QR readetunlike theNear Field CommunicatiofNFC) tags that were used in
a previous version of the application

The etiquetAR authoring tool can be used by both students atttetsdo create,
update, delete anddd resources, and print th€R codes.The codes aradded to
collections, whichrepreserd a learning activity. A screenapture fromthe current
version of the etiquetARncludinga collection with two added R codesis presented
in Figure9.

etiquetAR Collections @hotmail.com ~

Collection: Collection 1

QR2 QR1
[=]2%: = OpW A0]|
b
[=]:25 Er
0 resources 1 resources
Comments not allowed Comments allowed
¥ Edit QR ¥ Edit QR
® Download QR image ® Download QR image
© Accept Comments @ Ban Comments
© Remove QR ©Remove QR

Figure 9. etiquetAR authoring tool with an example collection createddtiquetAR, 2015

Each QR code can contain multiple resourgesseen irFigure 10. The available
resource types are text, images, videos, URLs, and a file upload option, which enables
the uer to upload any file to the etiquetAR service and have it downloaded by the
mobile users onto their devices. The image and video resources are also linked to the
system by an existing URL, and for videos only YouTube is supported. Even though
any type offiles can be uploaded to the serviites not good usability to make the user
download e.g. images just to see theékdding comments to the QR codes is a new
feature that has been added after ritlease of thepaper by Pére3anagustin et al
[2012]. This option enables the studserib add comments and additional knowledge
regarding the visited locations and the content provided by the QR code during the
learning activityetiquetAR, 2015
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% QR1
7t

Resource Name Profile Content

Uncategorized URL

Resource1 Profile1 File Upload (edit;

Click on anything to edit it!

Figure 10. Editing a QR code in eiquetAR

What makes etiquetAR unique from other QR code authoring tands the
previously used NFS tags,the opportunity to have different user profiles connected to
the content and the tags. This way the same QR code can be utilized to offer distinct
learning experiences for e.g. students fromouer degrees. Using QR codes to virtually
augment the learning space has also the advantage that the content related to the tags
can be updated virtually by the teacher anytime using the authoring tool, wiitieou
need to replace the physical tag. This is not possible with the previously used NFS tags
that require the user to be physically touching the tag to update its content [Pérez
Sanagustiet al.,2012].

Sanagustin et al[2012] presenttwo experimentallearning scenarios for the

etiquetARlearning platform a tour typeoutdoorlearningactivityc al | ed A Di scove
t he campus 20120, and an i ndoor | earning
ADi scovering the kidnapped sudents nged theiro . I n

personal mobile devices to get to know the camgnesmand the different services
provided bya university, byinteracting with QR codes placed around the camphs.
second scenariig an example of how the system could be utilizethnfuture.In this
scenariahe studergare the ones creating learning material for the museum visit using
the profile option for the contenin the experimenstudentsare divided into groups
andthey areprovided withan adlitional application thaguidesthemthrough a museum
where they need to interact with the tags placed previously by the teBabblrgroup
uses a different profile than in the creation phase. Users need to record their learning
activity by taking pictures and adding commentshi® visited tags using their mobile
devices. The same constructive approach was also used with the Wandering and
Mobilogue platforms discussed 8ections3.3.3 and 3.3.4 respectively.

Based on the experiments conducted by Sanagustin [@0&R], etiqueAR was
considered to be a good application for creatingbtged learning activitie®ecause
(1) it is easy to use both by the teachers and the students, (2) it enables personalizing the
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user experience through the application of user profiles, antld8gs$ notrequire any
special mobile application. The last pointvisry important in a senshat manym-
learning applications have bedevelopedthat are not reusable because they are that
OS dependent and/or intendéat only certain types of learningctivities. A lot of

effort has been put into coding applications that might not be suitable in actual
educational contextbecauseof the diversity of devices andperating systems. Of
course thetagbased solutions have their own problems and limitatidyut with
inspired and pedagogically relevant design they have the possibility to offer rich and
meaningful in situ learning experienc@fe biggest problem with tagnly solutions is

that theydo notoffer guidance to the tags placed in the environmamd usually this
means that a separate mobile application or a paper map must still be provided for the
students to be able to locate the tags.

3.3.6. RFID-basedLearning System
Shih et al.[2011] present a very different approach from the previous examgples t
content creation. In their experimemaidio-frequency identificationRFID) wasused to
incorporateadditionaldigital contentto different plants for a natural science course. The
learning activity was called Campus Plants Learning Activity (CRBA}it was tested
by 34 fifth-grade student€ach student had a PDA to guide them through the learning
activity and to read the RFID tags. The goal was to get the students to make detailed
observations about the plants by answering a series of quemstidiking notes

A web based solution was used to presémtléarning material and questions.
Because of the small screen size on PDAs, some considerations were taken into account
in the design of the learning material: favor single screen views witholuiirsgravoid
complicated input methods and use simple clicks and touches instead, use short words
to lighten the cognitive load and to provide the most information in the limited space
available.

Generating appropriate feedback at the right time basebeolearning conditions
of the user was considered to be one of key features to provide a seamless learning
experience. The system also acts as a web server that provides thng leaaterials,
records the usés learning processes and learning conditjprovides authoring of the
learning materials and the repertory grid, and provides the teachers a log analysis
interface for observing the results of a learning activity.

The study by Shih et gl2011] uses a repertory grid method to design the learning
content in a way that guides and assists stigdarthe learning activity in a structured
way. It means that a class of objects epresentedh a matrixwith element labels as
columns (concept to be learned, classification of an object etc.), and cofatels as
rows (e.g. tall/short, ovadhaped leaf/heaghaped leafas seen in Figure 1Each
element is graded from 1 to 5 based on the degree the element matches the given
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constructs. After the matrix has been filled, the similarity between theestenis
calculated using a similardgnalysis formula. If there are elements which haveoa
high similarity value between theas seen ifrigure1l, an additional construct should
be added to distinguisthese elements.This guides the teacher to addoagh
information about each plarfeor the experiment with school children, nine constructs
were defined for six different plants for the students to observe.

Figure 11. A repertory grid matrix with two elements that are too similar to distinguish [Shih et al.,
2011].














































































































































































