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Analysis of Gamification Techniques to Lear
Complex Subjects through Collaborative
Applications

Brandon MZndez and Elena Lloret

field, since it allows to catch the attention of the students and
Abstracf Learning concepts about specific subjects may be stimulate any kind of innovative idea ithem [1].
regarded differently depending on the level of the difficulty of Accordingly, creativity can be enhanced with technology
concept itself and the background or cognitive capacity of the through games, infographics or digital storytelling tools,

student. This article analyses the motivation and perception of \yhich improve users' creative skills and help them explore the
real users towards learning literary figures by means of a meaning of their own work and experieri2g
proposed application called GRAMA that includes gamification The remaining of thepaper is organized as follows. In

elements,and provides a collaborative and social environment. Secti brief back d with th | h
The results obtained show that this type of computer applications ection Il a brief background with the most relevant researc

are motivating and useful to learn new and complex concepts in fi€lds related to our applicatide provided.In Section Ilf the
an easier andfunnier manner. web applicationis explainedas well as its different modules

designand implemented opti@n Then,in Section 1V, the

Index Termd&N Computer Aided Instruction, Computer results obtained durinhé¢ evaluation process adiscussed.

Applications, Creativity, Educational Technology, Social Finally, the conclusions and the future watke outlined in
Computing. Section \V/

I. INTRODUCTION Il. RELATED WORK

NOWADAYS, there are many Websites and applications gamification
devoted to the educational field, where the aspects of
knowledge acquisition and entertainment are combine

together hrough gamification and collaborative techniques i tional activitie&al. It . ic 1 h th
order to allow users to learn new concepts/subjects in an eadfey cational activi le¢3]. Its main purpose is to enhance the

and funny manneas well as sharing this knowledge and thénotivational, cqgnitive, social and emotional aspect, favoring
progress achievedvith other users An exampleof these the concgntratlon, effort .gndlloyalty tha’% people usqally
applicationscan be conerned with the learning of concepts Ordevel_op in-a game Gamification has gained populgnty
subjects that may be regarded as difficult, either because t us!ngOlon d|ffere_nt areas, suchas_ Ianguage learning
are hard to understand and involve some level of complexi ’uollng ) or Iearmng more abomarl.o.us .SUbJ.eCtS (Khan
or because they require to develop creative thinking, whi cadem)_?). '!'he Main purpose of .gamlflcanon 'S to enhance
may not be trivial. Learning spiic aspects of language, sucht € motlvatlonal, cogmyve, social and emotibraspect,
as the understanding and creation of literigyres may be favoring the conf:entratlon, effort and loyalty that people
within this category. usually develpp in a gameAmong th_e many adva_mtages
In this article, the motivation and perception of real uset%ffer?d_ by this methqdology ardhe |mp.r0vement n _the
towards learningliterary figures is conductedthrough the acqmghon and ret.enltlon ,Of knowledgernpro.ve.me.ntln
testing of GRAMA, ourproposedapplication that allows a atte_ntlon and rgactlonme; mcrea_sed user part|<:|pat|on and
user to learn and caee different types ofiterary figures the implementation of kwdedgg without stress or risk4]. o
integratinggamification and collaborative techniques. To the One of the most recognized structures for designing
best of our knowledge, the proposal of langubgsed games gamification strategies is the one proposed by Kevin Werbach,
for this subject is innovative, whichpart from learning and known as DMC (@namics, Mechanics, Compatis)|[5].
reinforcing concepts, they may also contribute to develop thePrevious studies on gamification have proven that these
user's creativity.Creativity is important in the educationaltechniques can engage students in learning complicated
concepts related to electronics, such as digital circuit course
Manuscript received November 14, 2016. [6]. Moreover, providing proper feedback mechanisms is also
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B. Collaborative Learning is bound by some condition that forbids certain things or
Collaborative learning is a didactic technique that promotd&§Poses a pattgrn _ »
studenicentered learning bgromoting tasksn small groups, - Tonguetwister is a sequence of words difficult to

where students withvarying skill levels use a variety of Pronounce, especially rapidli.g., "Can you can a can as a
learning activities to improve their understanding of a subjec@nner can can a can?"

Each member of the working group is responsible not only for - Cryptogram is a phrase or quote that has been encrypted
their learning bti for helping their peers lear[8]. Online by simple letter substitutiorE g., "2gether”

collaborative learning, on thether hand, involves learning - Pun is a rhetorical figure consrgg of the union of two

cooperatively by sharing, with others, objectives and taskdl more syllables words, by varying the usual separation
being the information and communication heologies between them, in order to obtain a different meaning from its

mediating the procegs). meaning in its normal position. In English, the definition of
Recently, much attention has been paid to the effects tin is different from Spanish and it refers to ardvgame in

Web technologies have oormmmerce, the media, business andvhich two (or more) words have similar sound but different

government. In particular, the interest in the impact that theBéeaning. E.g., "Esconde vs. es conde” in Spanish, whereas

tools can have on education is also growing, especial "Pears go barefoot” in English.

educational institutionsThe traditional approach to learning - Palindrome is a word, phrase, number, or other sequence

in this area tends to be driven madog the needs of the of characters which reads the samekibard or forward. E.g.,

institution than by the needs of individual studeft§]. A "A man, a plan, a canal, Panama!”

collaborative environment can be built upiexistingtools and - Lipogram is a literaryfigure in which one or several
APIs as long as they support somenget of collaborative letters of the alphabet have to be avoided. E.g. (excluding
learning like Mindmeiste¥, Elgd’, andGoogle Doc3 letter e), "Mary had a tiny lamb."

Different from existing works, our research is focused on - Pangram is a sentence using every lettethefalphabet
complex linguistic concepts (i.diterary figure3, where, apart at least onceE.g., "Pack my box with five dozen liquor jugs.”
from learning, users can also develop their creativity and

imagination by generating their own literary resources andg Implementatia of Gamification Elements

sharing tlem.
PALIND 2
URES | ROMOS

lll. FACILITATING LEARNING OFCOMPLEX CONCEPTS 0
THROUGH THEUSE OFTECHNOLOGIES CASE STUDY IN THE
LINGUISTIC CONTEXT

The application proposed as a case study iscc@BAMA
(see Fig. 1)developed in the contegf the linguisticsfield in
Spanish More sgcificdly, it deals with the learningf some
literary figures through gamification and within a
collaborative environmentGRAMA is not targeted at any
particular group of users, as it is intended to be useful to any  Fig. 1. Main view of GRAMA. URLhttp://www.grama.gplsi.ds
user who wants to learn about literdigures, have fun and

develop their creativity. However, it is recommended that Gamfication is implemented in GRAMAy various simple
users are older than 10 years to have a solid base in the usgaphies, one for each propodierary figure:

language and have an interest in the subject. - Tonguetwister: The user has to proonce, using a

A. Literary Figuresas Complex Concepts microphone, a tongue twister proposed
Literary figures are uncowmentional forms of using words, Cryptogram: The user has to decrypt an encrypted

. : . . message with the aid of an alphabet of characters.
since they are accompanied by some phonetic, grammatical or
. o : . . . - Pun: The user has to choose words between several
semantic peculiarities, which differs them from their habitual . -
. : proposals and replace them in the original sentémce
use, and make them especially expresghd¢ These literary : X
! : . change its meaning.
figures are consideredomplex becaus¢hey play with the :
. : . : - Palindrome: The user has to match all the proposed
meaning of the words, using figurative language. They are . : .
) . . . sentence pairs, which are read in reverse of each other.
mainly used for literary purposes, and their creation and use | . .
o - Lipogram: The user has to find the letters that do not
encourage creativitji 2]. :
, appear in the proposed sentence.
For our case stly, we have selectedlierary figures. The
' . - PangramThe user has to choose a damong several
first 2 are the most populamd normally used for joy and roposals to replace it in the original sentence, so that
entertainment; whereas the rest are less known, but they stand brop P 9 '

: . . the resulting sentence contains all the letters of the
out for their expressive and creative charaotdrere the user i
alphabet, repeating the least number of them.

, _ _ In all of them, typical elements of gamification appear:
4m:g:f;f2|'ggr2%7ter'°°m/ - Difficulty levels: Thereare 3 levels of difficulty (Easy,
5 https://docs.google.com/ Normal, Hard), in which various oplexity ranges are
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establishegdapted to each game. - Home: Literaryfigures with the option to visualize, create
- Countdown: There is a timer adapted to the chosemd play,jn each of them.
difficulty of each game. - Profile: View and edit the profile, with the option to exit

- Score Depending on whether the user surpasses or rtbe application.
the game, can win or lose points, whose amount is - Friends: Searchadd, visualize and manage friends.
determined by the difficulty level selected in the game. - Statistics: Briefly visualize the total and specific score

C. Implementation of Social and Collaborative Part gg:?(')?riién each literafygure, and view te history of actions

GRAMA has an important social part, which requires the
collaboration of its usersOn the one hand, a cqiete IV. EVALUATION AND RESULTS

authentication system (registration, login, and pas:swordO h licati finished. it 4
recovery) to access the content of the applicatiomte inside nce fthe applcation was finished, It was necessary
é/aluate theusersCknowledge and opinion regarding the

the application, the user can create literary figures, with gy ¢ | o | laborat : ¢
help of different resources (search for words that contain hirammr? 0 c_cf>_mpt.ex cogcep s n c%a ”ora}.tlve er;_\nronmen s
not certain letters, that have a certain prefix or suffix,)etc rough gamificationand more speciiically iteraryligures

depending on the literary figure, to post and share them Iatgﬁrthermoreas pa.rt of our case studyyyas alsaecessaryo
All publications can be viewed with the possibility of nisi obtain the evaluation of GRAMA aftetsiuse

several filters for it (more/less recent, better/worse rabed A. Participants

only userOswn publications). In addition, these publications The evaluation was aimed at users of any background
can be evaluated posiély or negatively, and reported (stydies and occupation), age and §éhis is beause we were
justifying previously the reasofincorrect category, syntactic inierested in obtaining the general knowledge of different
error, grammatical error, inappropriate content, .)eiC yynes of users in the field of linguistics and the use they make

Furthermorgeach ser can perform a search to add other useg gpplications dedicated to learning. Therefore, a sample size
to higher friends list, manage their friend requests (sent ang 30 ysers was obtained as participants

received), and view hiserfriends list. The user camalsoview
his own profile (which is visible to other users wel), editit ~ B- Instrumentsand Methods
and exit the agfcation. A questioinaire was themain irstrument to conduct the
In summary, apart from being able to search and add usezsaluation A survey wasreated usingsoogle Form§ It was
GRAMA offers the possibility of commenting on other usersainonymousandit was composed o020 questions (18 of them
posts, rating them or sharing them. Likewise, by way afompulsory and with a single answand 2 optionabnesfor
correction, users can warn of any errors found in any po$edbackand suggestiofs The surveywas divided in 4
either gramrar or because it does not correspond with itsections:
category. - Preliminary information: itwas intended to know the
D. Design and Development of GRAMA gender, age range and level of stl_Jdies of the user_gurmyed
verify that the results were not biased by a specific type of
GRAMA is a web application, so it has been developegserg
using the main techniques and web technologies, such as Learning méhodology: itwas sought to know if the user
HTMLS, CSS3, JavaScript, jQuery, Bootstrap, PHP, Ajax, angseq learning  applications  that employed ~similar
Speech Recognition, among others. methodologies, the concephd knowledgethey had of this
As for the degn, several well known trendsave been fig|q and the literarfiguresand the utility theyattributedto it.
followed, such as Flat Desigand Responsive Design, which  _ jse of GRAMA the userwas requied to access the
allow the application to maintain a minimalist trend and ada%tpplication and use it to answer the last part of the survey.
perfectly to the resolution of any device.dddition, we have  _ Feedbackit wasintended to knw the assessment atfe
followed the standardset and accepted by the W3@ terms useDs opinioafter having tested the application.

of accessibility Another method used during the evaluation process was the

Given itssocial and collaborative nature, as recommendggteliminary observationof a small group of users, different
by severalstudies on color psycholod{ 3], different shades fom the 30 participants, to know how to interact with the
of blue and gray have been used forsmbackgrounds and gppjication as well as their initial opiniofihis method allows

containers, as well as simple but original and creative fonts f)§ ' gptain important data that with other methods goes
capture the attention of the usém. addition, UserCentered | ,nnoticed.

Design[14] has taken into account during the development of

the application, where the Scrdsan methodologyi15] has ~ C. Results

been used. The mline survey was distributed via several channels
The content is structured in several sections an@ocial networks, mailing, orally, ejcand we finally got the

subsections, where gamification techniques and social aadswers of 30 userswho usedthe system for a while

collaborative aspects detailed above are implemented: (spending most of the time on the gamé®)e users were

® https:/iv3.org/standards/ " https://goo.gliwvmMhC8
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balanced according to their gesrdand they belong to the ageexistence of similar applications for learning complex
range between 20 and 50 years old. Most of them had at leestcepts applied to other subjects would rezessary and
university studieén fields such as science or educatiés far  desirable

as the remaining sections of the survey (learning ouetlogy,

and use of GRAMA)positive and enagraging results were V. CONCLUSION AND FUTURE WORK
0btamed, which are discussed in more detail in the next\ye nave introduced learning methodologies based on
section. gamification as well as including social and collaborative

Finally,. regardipg the fgedback provided, users .think th%tspects in a webased application called GRAMAo
GRAMA is very nicely de5|gn.ednd.useful for th.e SOCIetAS  facilitate the knowledge and use of complex cotseguch as
for the method of observation, it was confirmetatt the jiterary figures. The applation has beetested with real users
application was entertaining and easy to use, as the USgSknow their opinion and assess their motivation towards
found everything quickly and repeated some of the actiongarning these concepts through anpuiter applicationThe
like playing, for fun.As suggestions, users encourage thgsgyits obtained clearlyhew thebenefits of gamification and
gdaptatlon of 'Fhe apphcaﬂon to other languages, as well asd@aporative learning to acquire newnowledge about
include more literay figures and more types of word game§;nknown concepisas this issue was noted by all the users
for each one who tested the application

D. Discussion In the future, we plan to take into account the feedback
k%ven by users to improve the application, as wasdlto
conduct a more exhaustive and longealuation with targeted
diser groups, such as students

We focus now in the results obtained with respect to t
leaming methodology and use of the application.

Concerning the learning methodology, only the 53.3%
the participantdiad previously used applications that integrate
the gamification aspect (e.g., Duolingo). However, 80% of the

users thought that the use of the Web 2.0 would be very usefdl M. Csikszentmihalyi, R. Wolfe, ONew conceptions and research
approaches to creativity: Implications of a systems perspective for

for s.haring doubts, que.Stion_S it they had diTﬁCUItiels for  creativity in education,0 The systems model of creativipyinger
learning a complex sulge With respect to their previous Netherlands, pp. 16184, 2014.
knowledge about Iiterarﬁgures 40% of them did not have [2] L. K. Gundry, L. F. Ofstein, J. R. Kickul, "Seeing around corners: How

id f th M | garthat lit creativity skills in entrepreneurship education influence innovation in
any iaea o em. Moreover, we also con at literary business," The International Journal of Management Education, vol. 12,

figuresare not frequently used, since 86.7% of the responses no. 3, pp. 52%38, 2014. .
stated that literarfigures were neverr seldom used, being [3] S. Deterding, D. Dixon, R. Khaled, and L. NackBrom Game Design

. . . Elements to @mdulness: Defining GainificationO,® Proceedings of
0
Only studied at school by the 6.7% of them. This confirms that the 15th International Academic MindTrek Conference: Envisioning

this is very specific subject not normally used, and therefore it Future Media Environmentgp.9-15, September 28, 2011
could involve some level of difficulty when learned. [4] W.H. Huang and D. SomanA®ractitioner's Guie to Gamification of

. - Education,O Technical Report, Rotman School of Management
0,
Regarding the evaluation of GRAMA, 73.3% of the rase University of Toronto, Canada, December 10, 2013.

found it really helpful to be able to see examples of literafg; k. werbach, and D. Hunter, OFor the Win: How GameKihi Can
figurescreated by other users so they can better understand the Revolutionize Your Business,O Wharton Digital Press, October 2012.

; i ] Q. Wu, Y. Zhu, and Z. Luo, OA Gamification Approach to Getting
concept and create their own ones. All the participants fu”9 Students Engaged in Academic Study,O Bulletin of the IEEE Technical

agree (100%) in the usefulness of being able to rate other's committee on Learning Technology, vol. 17, noDécember 2015.
literaryfiguresand get omments about the ones thengated. [7] A. Mazarakis, OUsing Gamification for Technology Enhanced Learning:

This reinforces the collaborative aspect within GRAMA that The Case of Feedback Mechanisms,O Bulletin of the IEEE Technical
Committee on Learning Technology, vol. 17, no. 4, December 2015.

allows users to publish and share their own litefegyresand (g strijbos, J. Willem, OAssessment oflgobrative learning,0 Handbook

get comments from other users. of human and social conditions in assessment, pp33822016.
Also, the integration of gamification iseen very positive 11 A ef;r%;tsggzgl H Cg;ﬂ%;‘;}”i:g?“g "zggggioloF;Ff’g:)””l'iz;or
. . .. . | | u 1 u u | vol. .
0 : :
by all the users (100%), since they think that it is a funnier 17,4 5017,

manner to lear and acquire nevknowledge in which they [10] E. Karatan, G Roehrig, Ose of Web 2.0 Technologies to Enhance
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FederatedearchEnginefor Open Educational
Linked Data

Maedeh Mosharraf and Fattaneh Taghiyareh

AbstractN Driven by the success of linked data, interlinked
web of data is a best infrastructure for distributing open
educational resourcedOERSs). Hand in hand with this structure,
immense technological challengeare arising in every phase of
their publishing, maintaining, discovering, and accessing
Utilizing OERs licenses and principals of linked data, this paper
proposes a federated search engin® retrieve OERs published
on web of data.Transforming natural language queries to the
SPARQL form using a desirable interface and several pre
prepared queries, parsing each query and broadcasting theub-
queries to several appropriate open repositories,

merging

Providing a basic recipe for connecting and publishing data
on the web, linked data helps to solve these problems. Linked
data principles proposed by Berners-Lee are [6]:

1. Use URIs as names for things

2. Use HTTP URIs so that people can look up those names

3. When someone looks up a URI, provide useful

information

4. Include links to other URIs, so that they can discover

more things

While the primary units of the hypertext web are HTML

retrieved results, and presenting to users in an appropriate user documents connected by un-typed hyperlinks, linked data

friendly interface are proces®s of this systemlt has successfully

relies on data described in RDF format. Using several

passed primary tests and started to be used in a technology vocabularies, each entity can be described and related to other

enhanced larning laboratory; however, its development is still
on-going.

Index Termd$\ Federated search enginelinked data, OER,
SPARQL

l. INTRODUCTION

Introducing the concept of Open Educational Resources

(OERs) and subsequently changing the approach of
educational service providers leads to positive steps to
eliminate economic, demographic, and geographic barriers of
education [1]. The appearance of MOOCs, which is a
paradigm in learning process, and promoting lifelong learning
programs are propounded by presenting this concept [2].

Like other learning resources, OERs are distributed on the
web and can be accessed through different mechanisms
adjusted by providers. It is essential that learning resources,
storages, providers, and services be organized in such a way
that instead of being single-use or accumulating worthless,
have the ability to be re-used. Such a possibility has also been
achieved for some open source software [3]. In addition,
according to the importance of OERs and especially
documents in knowledge transferring and self-regulated
learning [4], their management and retrieval are so important.
On the other hand, the thought behind OERs is maximum
sharing. However, inconsistency in content management
approaches applied in various repositories leads to lack of
resources interactivity. The lack of interactivity is the origin of
other problems such as losing resource discoverability,
reusability, remixability, and adaptability [5].

Electrical and Computer Engineering Department, University of
Tehran, Iran. m.mosharraf @ut.ac.ir,ftaghiyar@ut.ac.ir

entities in the world of linked data. Each vocabulary is a
collection of classes and properties, which are described by
RDF, models domains of interest in various degrees of
expressivity [7].

Although resources are structurally described on the web of
data, different providers use various vocabularies for modeling
and publishing them on linked data. For this reason, using
resources originated from various repositories requires to
know several vocabularies. Also, each provider describes
different properties of their data and models them using
different features. Utilizing these resources can be
accomplished through either web interfaces which have many
limitations or SPARQL endpoints. Obtaining data through
SPARQL queries also needs to know this language.

Using search engines can facilitate the problem of accessing
open educational linked data. However, the retrieval
mechanism of existing search engines is based on document
indexing. In addition, they cannot benefit from the features of
linked data and answer some complicated questions. In the
scope of eLearning two of these queries are:

¥ Open educational slides in the domain of elLearning

which have been produced by Iranian professors.

¥ Learning contents related to personalization which have

been produced in 2010 and has been re-edited.

Retrieving resources which are described in these questions
is possible only with the use of linked data and navigating
through several links between different repositories. In
addition, linked data provides a monolithic index that must
contain all the content and relationships for an extremely
expansive body of resources. So, it comes with some indexed
based discovery engines limits. Fig. 1 shows a brief overview
of metadata and relations of different resources published in
linked data.
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Fig. 1. RDF triples from three Linked Open Data sources [9]

According to [8], Linked Open Data offers new solutions
for educational resources, partly solving some of the OER
limits. (1) Open data are interlinked by definition, so a
semantic layer is created to describe OERs, (2) federated
search to find resources belonging to distinct datasets are the
most important outcome of linked data.

In this paper, we propose a system to answer different
queries about OERs published in linked data. In addition to
search on educational resources which are modeled in the web
of data, this system can federate queries on separated
resources and answer to complicated questions. The
implemented system can also be beneficial in these situations:

¥ Reducing users confusion in searching different

repositories

¥ Reducing time of search

¥ Facilitating access to resources distributed in different

repositories

¥ Providing different options related to users’ queries from

different repositories and specifying type of relations

¥ Focusing on metadata and full text from open access

repositories

¥ Offering appropriate resources which are not in the query

language of users. (Sometimes inadequacy or lack of
quality of the retrieved resources makes users to fetch
resources provided in other languages. Doing it can be
possible through navigating links between multilingual
data published on the web of data.)

The implemented system has many applications. Integrating
with Learning and Content Management Systems (LMSs and
CMSs) in order to provide free access to various resources,
with authoring systems in order to help to reuse and generate
new contents, with library systems in order to retrieve related
resources to entered quires can be useful. In addition, it can be
a step towards the expanding universe of open linked data.

The rest of the paper is organized as follows. Section 2
presents the architecture of our proposed federated search
engine and functions of its components. Section 3 describes
the implementation details and repositories utilized in the
primary evaluation. Finally, section 4 concludes the paper and
outlines areas for future research.

1. PROPOSED SYSTEM

Our system is being developed to provide an efficient
solution for federated query processing on open educational
linked data. The word “federate” means “to join together” or
“to unite”. The federated search system allows a user to
submit a single query and receive results from multiple
sources, without having to query each of the sources
individually. This system consists of (1) mapping a user query
to one or several SPARQL queries, (2) broadcasting the
SPARQL query to a group of disparate repositories with the
appropriate format, (3) merging the results collected from
different repositories, and (4) presenting the results in a
unified and user-friendly format with minimal duplication.
Fig. 2 shows the architecture of the implemented system.

Query Interface
()
gb [l Indexer I
al Integrator Federator |45
[8a} -
m Profiles
)@Q \
SPARQL SPARQL SPARQL SPARQL
Endpoint Endpoint Endpoint Endpoint

Fig. 2. Architecture of the federted query search engine

In the following each part of this engine is presented.

A. Mapping the input query in thePBRQL format

Transforming users’ queries in natural language to
SPARQL is a complicated task and requires knowing
complexities, rules, terms, phrases, and exceptions of natural
language. Natural language processing techniques, which our
system should be enriched to, use large corpuses contained
examples of natural language queries as well as logic rules. To
avoid natural language processing, users’ queries are entered
into the system using the specific fields provided in the user
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interface. In an interview conducted among different users, we
ask them to determine all the information may need in the
learning or research activities through searching the internet.
Accumulating demands of these survey participants, including
5 high school students, 5 undergraduate students, 5 graduate
students, 5 teachers, and 5 researchers, all the educational
questions can be categorized in 5 groups (or combination of
them): Requests resources or data by specifying a set of
specifications, Requests information about a/several persons
by determining a set of characteristics, Questions about dates,
Questions about publishers, and Questions about subjects.
Considering some specified fields in the system user
interface, all the simple and complex queries can be
constructed. Knowing educational repositories and sets of
vocabularies which model OERs, several SPARQL queries
which have not been initialized are determined as the system
default. Entering each field of a user request, the proportional
variable in the SPARQL queries is set. Fig. 3 illustrates part of

a not initialized query.
PREFIX ...
SELECT ?title ?date ?name ?subject ?abstract ?1ink
WHERE{
?author foaf:name ?name.
?author dbo:notablework ?work.
?work rdfs:label ?title.
FILTER (regex(str(?name), "", "i"))
FILTER (regex(str(?title), "", "i"))
?work dbp:releaseDate ?date;
dcterms:subject ?subject;
dbo:wikiPageexternalLink ?Tink;
dbo:abstract 7abstract.
FILTER (regex(str(?suject), "", "i"))
FILTER (regex(str(?abstract), "", "i"))

Fig. 3. Part of a SPARQL primary query which is not initialized

B. Broadcasting the SPARQL query to different
SPARQLendpoints

Each primary query can be parsed into sub-queries that can
be answered by individual repositories. Indexer and Federator,
as the two main modules of our system, are the responsibility
of determining suitable repositories and parsing the query in
accordance to their metadata, respectively.

Profiling each repository, Indexer determines types of
resources and other information which can be accessed
through it. Types of metadata that can be harvested using
vocabularies are other fields of repositories profiles stored in
Indexer. This data is defined manually after checking each
repository metadata. Using repositories profiles and both
variables and vocabularies of each query, Indexer determines
repositories that the query should be sent to.

Considering vocabularies applied in the determined
repositories, Federator parses the primary query. For each
repository, Federator filters parts of the query that contains
vocabularies not being used in it. The primary query consists
of several triples. Each triple utilizes one, two, or rarely tree
vocabularies. Each triple remains in the sub-queries, if all of
their vocabularies are applied in the repository.

Let's explain this phase with an example. Checking the

profile of DBLP shows that vocabularies used for describing
resources of this repository include “Swrc”, “rdf”, “owl”,
“d2r”, “xsd”, “dcterms”, “rdfs” ,”map”, “foaf’, and “dc”.
Therefore, after initializing the primary query using user
requested values, each triple that consists of another
vocabulary is removed before sending the query to DBLP.
“dbo” and “dbp” are vocabularies used in the primary query
illustrated in Fig.3 and not engaged in DBLP profile.

C. Mergingtheresults obtained from eac®PARQL

endpoint

The results obtained from the distributed sub-queries are
merged in Integrator and finally returned in an aggregated
form. In this respect, all the results retrieved from each
repository are saved in the temporary database of Integrator.
These results are in the form of RDF and with the
understandable meta-information for machines. Navigating
these typed triples, distributed results are linked using
“owl:sameAs” and “rdfs:seeAlso” relations. At best, a
connected graph is created by integrating all the distributed
results. Applying the primary query in the generated graph,
this module prunes all the extra information, which is non-
relevant to the input query.

D. Presenting the results

The retrieved results of query execution should be
represented to the user in a uniform and understandable
format. It is possible that contrary to the usual representation
method, the user wants to see the RDF graph of the results to
obtain other information. Therefore, the results are represented
to the user in two interfaces:

¥ The results are displayed in a typical way as other search

engines. In our approach, all the main information is
displayed in one phrase. Clicking each phrase, all the
other meta-information is provided for the user. The user
can adjust the displaying order by subject, date, and
alphabetical.

¥ The RDF graph of the results is displayed. This view is

basically an adequate way to establish an abstraction for
the underlying data schema. Its’ benefit is providing the
possibility of easy reuse and exchange of sub-graphs,
recursive view definitions, and applications for data
integration from distributed repositories.

1l. IMPLEMENTATION AND EVALUATION

For implementing the federated search engine on linked
data, Microsoft ASP.NET MVC 3 framework and Microsoft
Visual Studio 2012 as IDE was chosen. In addition to default
libraries and packages of ASP.NET MVC 3, many other free
and open source java and JavaScript libraries such as jena,
jQuery, jQuery Ul, and jScrollPane are were used. The main
reason for choosing ASP.NET MVC 3 framework was its
MVC based (Model-View-Controller) pattern and object-
oriented aspect of C# programming language which makes it
reasonably easy to build standard and scalable web
applications.
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TABLE 1
SOME SPECIFICATIONS OF SOME OER REPOSITORIES

Repository Address #Resources #People #Triples
DBpedia http://dbpedia.org/spargl 12325452 1840596 438038746!
DBLP http://dblp.I3s.de/d2r/snorgl/ 10038 10036 444184
ACM http://acm.rkbexplorer.com/sparqgl/ Not defined Not defined Not defined
Charles University in Prague http://linked.opendata.cz/sparq|l Not defined 444536 557106351
University of Southampton http://spargl.data.southampton.ac.uk/ 4812696 341764 6749073
University of Muenster (LODUM) http://data.uni-muenster.de/sparql/ 56034 11657 4248725
Aalto University http://data.aalto.fi/endpoint 21794 226572 1649357
OxPoints (University of Oxford) https://data.ox.ac.uk/sparql/ 11644 91 631546
ASN:US http://spargl.jesandco.org:8890/spargl 1358 0 7497309

Up to now, many OERs in different formats have been
published in the web of linked data. Datahub' as a free,
powerful data management platform from the Open
Knowledge Foundation provides a tool for accessing many of
them. Using this platform, we can find many SPARQL
endpoints covering data from different domains and integrate
them with our search engine. In addition, our system directly
connects to some of open repositories through their SPARQL
endpoints. In these repositories, providers of educational data
publish their data or its model freely on the web of data on
their own. Table 1 shows specifications of these repositories.

The system passes the primary test by applying on the
introduced educational linked data. Depending on the internet
bandwidth and the availability of resources, time of query
execution and retrieved results are different. In eleven
different test queries, 1200 milliseconds and 29 seconds are
respectively the minimum and maximum times spent from
receiving the user queries to representing their results.
Although, experiments showed that increasing number of
repositories used in this system can increase execution time;
the retrieved results are more desirable. This system is being
used as a pilot for promoting other research focused on
semantic processes enhances educational technologies.

V. CONCLUSION

The federated search engine offers a scalable mechanism
for querying open educational Linked Data. However, there
are some challenges in its processes that should carefully be
examined.

¥ There may be some natural language queries which

cannot fit in the search fields of the user interface.
Considering mechanisms of entering these types of
queries and transforming to the SPARQL format are of
the future works of the project.

¥ Increasing open repositories as well as their variance and

execution time will increase the time cost of system
processing. Grouping resources and changing in the
Indexer approach can be beneficial. It is worth stating
that the main cost of our system is the query execution
time and cost of transmitting query and results between
the system and linked data repositories. The worst-case
cost of integrating results is defined as complexity times
O(' '), where ! is the number of graph nodes.

! https://datahub.io/about

¥ The query execution time in each repository and
retrieving non-related responses are challenges originated
from the simple mechanism of query parsing in
Federator. Applying some logics for optimal and efficient
execution of sub-queries in each repository can be
beneficial.
¥ Indexer contains profile information of repositories. So, it
should be updated synchronously with any changes in
each repository.
¥ Another challenge is SPARQL endpoints availability and
timeout. It is hoped that this problem will be resolved
with advances in research and applications of linked data.
Considering these challenges in the future works of this
project, improving the implemented system may continue in
other different ways. Enriching to mechanism for crawling
links and finding resources described by specified relations,
and promoting by the process of semantic query expansion
using different domain ontologies are samples.
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TeamFormationin a Blended Learning Syster
StudentPerspectives

Matthias HauswirthMember, IEEE

_ syclological safety. While evidencebased guidelines for
AbstractN While the social interaction in collaborative learning Py 9 Y g

contributes to knowledge construction its exact mechanisms are team formation rgcommend instrucformed teami [2], a .
not yet fully understood. In this paper we present the results of a SUrvey of 643%ngineering students found that 67% of their
survey that sheds some light on one aspect of this issue: theteamwork experience was based on studetected teamd].
studentsO perspectives on teanformation in collaborative  Thus, despite the recomndations against it, a majority of
learning environments. We surveyed a class of undergraduate instructors seem to favor studesglected teams. The survey
students studying in a blended leaning environment using team 4156 found a (weak) negative correlation between instructor
based lab assignments. We solicited the studentsO perspectives %%am selection and students® satisfaction with the team. Tha
four different computer-supported team formation approaches, . . ’
and we asked about their views on different factors shaping their !S: students seemed to report a woesertwork experience for
team formation preferences. We hop that the results of our instructorselected teams.
survey will help researchers and learning system designers to  Besides surveys and guidelines like the ones abbeeg s
better understand the perspective of students and the reasons g|soa rich body of work orapproaches tautomaticallyform
yvhy students generally prefer team sefformation over {aams to achieve the best performarttesy., by combining
instructor or system formed teams. | . . ;
earner profiles and conte[4] or by using learner strategies
Index Termd Collaborative learning, learning management [5])- In this paper, we dmot focus on the effect of teamN
systemsteam formation formation on performance, buve shed light on studentsO
opinions aboutdifferent team formationapproaches.We
survey a class of undergraduate computer seidreshmen
I. INTRODUCTION studying in a blended learning environment using teased

HE socialinteraction in collaborativéearningis known to lab assignment&Ve solicit their pgrspectives on four different
Tcontribute to knowledge construction, but its exac@omputeifsupported team formation approaches, and we ask

mechanisms are still uncertain [Bs Miyake and Kirschner them about their views on the different factors shaping team

state, Gruitful collaboration is not merely a case of puttingformat',On preferences. i , ,
Section Il presentthe contextin which we conducted this

people with relevant knowledge togethéfe must understand . .
study. Section llintroduceghe fourproposedeam formation

the factors that make up successful collabor&i@. They . ~ )
propose a Oteam learning model® whitves to explaira appro_aches. Section Iddscus§e$r1e studentsO perspectlves on
the different factors affecting team formation,cen V

teamOs willingneso engag in learning behaviorThe model e X
combines a view ofcollaboration as a social process O1pres:ents.the|r views on the four team formation approaches,
knowledge buildingwith a view of the social environmerin ~ nd Section VI concludes.
which learning takes plac&he modelis driven byfive team
learning beliefs: interdependencesocial cohesion, task
cohesion, group potency, and psychological safetyee of Informa’ is a learning platform that supports various forms
those beliefssocial cohesior(Othe nature and quality of theof blended learningA key featureof Informais itsteambased
emotional bonds of friendship such as liking, caring, ankb assignments. A lahssignmentn Informa is a web page
closeness among group members@pup potency(Othe that interleaves problem descriptions with various questions.
collective beliefof group memberghat the group can be Some questions ask students to simply eatextual answer
effectiveQ)andpsychological safetyCa shared belief that the while others require that students uploah artifact.
team is safe for interpersonal risk takiygare directly Instructorscan configure labs to be solved in teams, and they
affected by team formatiorin an evaluation of their model can speify the team size for each lab.
they found thatsocial cohesion was natelated to team Before an instructor can assign a lab, they need to form
learning behaviorput that group potency and psychologicalteams.The initial implementation of Informa required that
safety were clearly related. instructors create teams manually, which was riabg for

In this paper we investigatieam formation an aspect of large classes. Later versions provided automated random team
collaborative learning that directly affects group potency arf@rmation. Our expectation was that instructors wocrgate

Il. BACKGROUND: INFORMA BLENDED LEARNING SYSTEM

* Informa is deployed at the Universit® della Svizzera itailiana at
M. Hauswirth isa faculty member ahe Universit™ della Svizzera italiana, https://informa.inf.usi.chand most of the content of the ongoing courses is
Lugano, Switzerland (matthias.hauswirth@usi.ch). publicly accessible.
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different teams for each individual assignment. The D. PerformanceBased Assignment

advantages of thisandom assignmenapproachare that  wjith the fourth approach, the learning system would
students get exjsed to a diverse set of peers that use a diverggtomatically assign students to teams based on their past
set of problem solving approaches, and that the randomizati'ggformame (e.g., based gmastquiz andassignmenscores).
pairs each student with balanced set of stronger and weakethjs is a form of group formation based on learner profiles
peers over the course of a semestéowever, wien we [4]. This probably would have to be redone for each
created randomize@ans for the first time we were surprised assignmentbecause a students' performaie@ot known in

by the amount of negative feedback from the students. Wge beginningandit will change throughout the course
decided to better understand the studentsO perspectives on

team formation by conducting a survey. This paper reports the IV. PERSPECTIVES ONTEAMWORK

results of that effort. We asked 55 studentwho used Informain a second

semester Bachelor programming course to comptaie
survey We conducted thanonymoussurvey after the first lab
In our survey, w confronted the students with descriptionsassignment, where we had used randongasgent for team

of four different team formation approaches.These formation.We received 47 responsg5% response rate)
approaches descrileow students are assigned teams but

they do not describehen or how ofterteams are formed. A. Working Alone vs. Teamwork

The question of howohg teamsshould last issomewhat ~ Given that not all students like to work in teants first
orthogonal to the approach used to foteams On one question we asked wasVould you prefer working on labs on
extreme teamscould be formed once, at the beginning of thgour own, or working on labs collabatively® Students
course, and be kept stable throughout the codiisis. isthe answered on a scale from 1 (more individual) to 5 (more
situation targeted by Oakley et al.Os bemttipes [1].0n the collaborative) Fig. 1 summarizes th&7 responses. It shoves
other extremeteamscould be formed for each assignment anglear preference for teamwork, with notable minority of
last just for the duration of that assignméttis is a situation students who prefer to work on their own.
where eam formation needs to be ligigight and fast, and

I1l.  TEAM FORMATION APPRQACHES

where the consequences of a suboptimal teamramsigt are . 15(31.5%)
less dramatic.Any intermediate point between these twc BEE
extremes is possible, too. 10 9 (19.1%)
A. Random Assignment 4(8.5%)
" - . . 5 3 (6.4%)
The first approachrepresentsthe initial implementation
available in InformaThe learning system randomly assgn o

B
students taeams In the exreme case, neither the students nop,g 1 Number of students prefemng more ndividual (1) or more

the instructor has any influence on the team composition. collaborative (5) work
Alternatively, theinstructormight be able to modify theeam

. . B. General Team Assignment Preferences
assignments, possibly based on requests from students.

Our surveythen listed a set opotential advantages of

B. Do-lt-Yourself Assignment different team formation approaches and asked students to rate

The second approch is to completely delegate teamead advantageon a scale from 1 (unimportant) to 5 (very
assignment to thestudents In a computessupported important) If not stated otherwise in the following paragraphs,
environment the learning system allowsvery student to all 47 participatingstudents provided a response.
modify the team assignmerStudents might be able to place The first advantage wasD@n't get stuck with a team
themselves in any team they want, or they might éeeable member | don't want to work wih As Fig. 2 shows, he
to re-assignother students (e.g., move other students into etudents overwhelmirgfound thisto bean importanaspect
out of their team)At a certain deadlinethe systemwould
disable the feature for students to modify team assignmer
would randomly remove students from teams that have mc s Esens
thanthe maximum number oftudents, and would randomly
assign stdents who are in no team

12 (25.5%)

C. Buddy Preferences °U08%) 5 6an)

The third approaciould allow students to specify a set of

A 2 &
preferred buddles.. Théearning gygtemwould then try to Flg 2 Don't get stuck with ateam memberldontwant to work
create a team assignment that sigtisthe buddy preferences with
to the degree this is possiblend then randomly assigrthe
remainingstucents The second advantage waoSsibility to work with a friend.

Fig. 3 showsghat sudents still found this to be an important
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advantage, but they placed less importance on this thaoton
getting stuck with duboptimateam member.

12 (25.5%)
10 (21.3%)

4 (8.5%) 4 (8.5%)

A

[ %
a friend

v >
Fig. 3 Possibility to work with

12

12 (25.5%) 12 (25.5%)

10 (21.3%)

5 (10.6%)

- A v
Fig. 6 Opportunity to improve my own understanding by
explaining things to WveakerOpartner

) B )

Fig. 7 shows thathie sixth advantage&)Opportunity to learn

Note that these first two advages are related: the first isfrom a OstrongeggartnefOwas considered more important
about excluding undesired team members, while the secondtign the opportunityo learn from explaining to av@akerO

about including desired team membekgparently, students
are somewhat more concerned about the former.

The third advantage wa#@vantage of not having to change

teams each weé€kFig. 4 shows that a majority of the students

found this to be an important aspect.

13(27.7%) 13 (27.7%)

11 (23.4%)

- A A > [ ) -
Fig. 4 Advantage of not having to change teams each week

The fourth advantage wasO@portunity to experience
different people'sproblem solving approach@sOnly 46 of
the 47 respondingtudents answered this questidvhile we
see this as a central aspect of team forma#ag, 5 shows

partner.However, students only seemed to consider thisasp
to be of secondary importanceas only 12.8% of students
ranked it as Overy importantO

15 1 (36'.2%‘)

10 (21.3%)
8 (17%)

6 (12.8%) 6 (12.8%)

A 2 2> Y

%
Fig. 7 Opportunity to learn from a Ostronger® partner

Overall, this first part of the survey showed that students first
and foremost arevorried about being stuck with a partner they
do not want to work with, and that they do not see a
significant benefit in explaining things to a weaker partner.

V. PERSPECTIVES ONTEAM FORMATION
The second part of our questionnaire concerned the four

thatthe studentfound this aspect to be less important than theroposedteam formation approaches. We asked students to

previous ones.

13 (28.3%)

12 (26.1%)

7 (15.2%) 7 (15.2%) 7 (15.2%)

A 2

- ) M -
Fig. 5 Opportunity to experience different people's problem
solving approaches

%

As Fig. 6 shows, the fifth advantag@pportunity to improve
my own understandg by explaining things to aw€akeO
partne© found even less suppdffe suspecstudents did not

appreciate the idea that teaching something is a great way,

learn, and they primarily worried about a weaker partn
slowing them down.

comment on each of the four approaches, and we then
analyzed the comments using an open coding apprdd@eh

did this by tabulating the freext comments about the four
presented approaches, going through téible, and assigning
tags to each comment. We then iterated until the set of tags
stabilized We also assessed whether a comment was mostly in
favor or mostly against an approach.

A. Random Assignment

The students did not like random team formatiom.the 42
responseto this question§ were mostly in favor and 15 were
mostly against using random team assignm&here was a
strong concern of getting stuck withsaboptimalpartner 9
students argued that for the reason of fairness, random team
assignmentsvould require repeatedly changing teams. This
a(g ument was countered by the great concern about the cost of
geatedly changing teamd3 studentsbrought up the

esrignificant organizational and scheduling costs to students

whenever they get assigned to ewnteam.Moreover, two
students mentioned the benefit of working with their peers
over a longer duration, to get to know them better, and to grow
into a well working team.A small numberof students
appreciated the diversity of studeiffy and problem soling
approaches(5) they would get exposed to in randigm
assigned teams. A larger number of students were concerned
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that a random assignment might pair them with peers they VI. CONCLUSION

WO‘.“O' notlike (9), that WO[,“d ot have an appropriate WOrk g regytsof our surveyshowed thathe students prefeed
ethic (14), or that wald be significantly weaker (10). a doit-yourself approachto team formation. Buddy

B. Do-lt-Yourself Assignment preferences, whiclstill gives students a sayut automates

This was the students® favorite appro@éithe 41 responses much of the process and uses randomization to break ties,
to this question, 29 were mostly in favor, and 5 were most§gme in as a close secondtudents clearly disliked
against using ddt-yourself team assignmer few students randomized assignment and performabased assignment.
explicitly brought up the advantage of forming teams in whickVhile students were worried about having to wark
they get along with their peers (3), in which their peers hawiboptimal teams they were less concerned about the
similar work ethics (2), or in which peers were similarlyacademic strength of their peers than about getting along with
strong (1).Three students explicitly mentioned the potentiathem on a personal level and about their motivation and work
reduction in organizatital overhead.However, a small ethic. Moreover, students repeatedly mentioned that
minority mentioned the loss of diversity in terofspeople (4) organizing a schedule forgh team was a significant cost, and
and problem solving approaches (3nd two students that thus teams shoulde built based on their preferences
mentioned that suclstudertdriven teamformation would (which presumablywould include the ability to find a
potentially be bad for the weaker students amongem! common work schedule).This indicates that students
because they would have little chance to end up in a team Wé\tﬂpreciate contesdriven team formation [4Finally, students

a strong peer. strondy rejeced performanceébased team formatignthis

C. Buddy Preferences correlated withtheir comments that the academic strength was
Team formation based on buddy preferences was the sec&@§ necessarily a major factor in afsing tearmates.
strongly favored approachOf the 38 responseso this The method of this study, a survey asking students about

question, 24 were most]y in favor' and 7rwenost|y against their Opinions ad preferences, is CleaﬂllynltEd Its Valldlty is
using buddy preferences for team assignmigie in the de  threatenedy the small number of students, in a single course,
it-yourself assignment approach, also here in the budt#yjth a single instructorThe reliability of the open coding is
preference approach, two students commented on thmited because the coding was performed by a single person
potentially negative consequences for weaker students whimreover, the widy does notevaluate theeffectivenesof
might not appar in any buddy list, and thus might getdifferent team formation approachdisfocussexclusivelyon
randomly paired with other weak studenfBvo students eliciting and understandingstudentsO perspectives team
proposed to use the approach as an Dedty listO, where formation Ourresults helgo understanavhy students oppose
students would essentially include most of their peers in thejf favor certain kinds of tan formation approaches, and what
buddy list, andwould only excludethose peers they clearly tactors they consider most important. We hope that our results
did not want to work withA small number of students saw apg|y |earning system developeesid instructors to better
reduction in diversity of people (3) and diversity in problem.;municate and explain their chosen team formation

solving ap.pro.aches (2) and thus recommended -@ss@n approachto their studentsThis way, instructorscan select
t_eams periodically (based on the pot.ent|.ally chaglgmo!dy .thoseteam formation approachésat have been shown to lead
lists and on some degree of randomization) to add d|ver3|%. the best team performanaadiearning outcomesandthey
One student proposed task teammates to assess their

teamwork performance after each assignment, andaesign can betterhglpthew studhentsmderssand the benefits of the
teams that do not work together well. most promising approaches

D. PerformanceBased Assignment REFERENCES
Quite surprisingly, this was the least favored appro&fhthe [1] B. A. Oakley, D. M. Hana,Z. Kuzmyn, R. M. Felder(Best Practices
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