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Resumo 

Os repositórios de objectos de aprendizagem (OA) suportam experiências de eLearning através da 

providência de mecanismos de forma a que a sua comunidade de utilizadores possa publicar, 

procurar ou encontrar recursos educativos. Quando estes recursos de diversas granularidades são 

descritos através de metadados eles denominam-se de objectos de aprendizagem permitindo assim a 

sua reutilização ou agregação com outros OA nos cenários educativos alinhados com as preferências 

do utilizador do repositório. A Bolsa de Objectos de Aprendizagem (BOA) é um repositório de OA em 

permanente evolução cujos esforços almejam ajudar as tarefas educativas da sua base de 

utilizadores. Esta dissertação relata o resultado do trabalho de investigação sobre o estado da arte da 

temática de Aprendizagem Assistida por Tecnologia, apresenta uma estrutura para a avaliação 

qualitativa de repositórios de OA e detalha uma solução multifacetada e a sua consequente 

implementação que suportou a evolução do BOA. Subsequentemente o BOA será validado não só 

através de uma avaliação com utilizadores, mas também através de uma comparação qualitativa com 

outros repositórios de OA relevantes. A solução proposta compreende a exposição dos metadados do 

BOA a aplicações externas, a adopção de padrões de interface sociais, a pontuação automática da 

reputação sobre diversas entidades do repositório, a incorporação de funcionalidades de 

personalização em mecanismos de procura, entre outros aspectos. O impacto e as vantagens de 

avaliar repositórios de forma controlada através de uma estrutura que guia as decisões de 

programadores e designers de software educacional serão analisadas e discutidas. É concluído que a 

estrutura de avaliação de repositórios de OA proposta nesta dissertação contribuiu para um 

melhoramento qualitativo do BOA cujas características, na sua terceira versão, não só alicerçaram a 

visibilidade e descoberta dos seus OA como também fomentaram o crescimento e compromisso da 

sua comunidade de utilizadores. 

Palavras Chave: Objectos de Aprendizagem, Repositório de Objectos de Aprendizagem, Metadados 

de Objectos de Aprendizagem, Aprendizagem Assistida por Tecnologia 
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Abstract 

Learning object repositories (LOR) support eLearning experiences by providing mechanisms for its 

coupled community of users to publish, search and retrieve educational resources. Moreover, when 

these resources of varying granularities are formally described by means of metadata they are denom-

inated Learning Objects (LOs) which, in turn, enables them to be reused or aggregated with other LOs 

in the educational scenarios attuned to the preferences of the LOR user. “Bolsa de Objectos de 

Aprendizagem” (BOA, or, in English, “Learning Object Pool”) is an ever evolving LOR whose efforts 

aim to aid the educational tasks of its user base. This dissertation reports the research findings on the 

current state of the art in the Technology Enhanced Learning knowledge area, presents a framework 

to qualitatively evaluate LORs, details a multi-faceted solution and implementation supporting the evo-

lution of BOA and validates the latter by means of both a user evaluation and a qualitative comparison 

against other notable repositories. The proposed solution comprises the exposure of BOA’s LO 

metadata to external applications, the adoption of social interface patterns, the automatic scoring of 

several repository asset’s reputation, the incorporation of personalization features in search mecha-

nisms, among other aspects. The advantages and impact of evaluating repositories in a controlled 

manner through a framework thus driving the decisions of both developers and educational software 

designers are analyzed and discussed. It is concluded that the application of the LOR evaluation 

framework proposed in this dissertation contributed towards a qualitative improvement of BOA whose 

features in its latest version not only leverage the discoverability of its LOs but also the growth, com-

mitment and engagement of its user base. 

Keywords: Learning Objects, Learning Objects Repository, Learning Object Metadata, Technology 

Enhanced Learning 
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1. Introduction 

The establishment of the Internet as the primary mechanism for communication and knowledge shar-

ing in a global scale brought forth new needs and opportunities for education while being simultane-

ously leveraged by technology. The knowledge area that emerged from this is called Technology En-

hanced Learning (TEL) [14, 15, 27, 30, 33, 34]. The concept of Learning Objects (LOs) in TEL are 

digital files that when properly described in a controlled and standard manner with metadata, provide 

valuable ways for both instructors and learners to find, share and reuse these resources in an educa-

tional context [1, 2, 3, 40]. However, in order for these actors to make use of LOs, a LO Repository 

(LOR) is required for proper maintenance of metadata and providence of the above mentioned func-

tions. 

Over the years several efforts have been made towards designing and implementing LORs, and while 

some were successful most of them struggle with recurrent problems concerning building a community 

surrounding Learning Objects. The most time-resilient LORs successfully endured through time based 

on their capacity of increasing the number of available LOs progressively enriching their repository 

with potentially valuable, high quality submissions. Those submissions depend however on the capaci-

ty of a LOR to deploy a set of features that effectively promote the engagement, good will and altruism 

of its community members since producing high quality educational resources is a costly and time-

consuming task [8]. 

In the last decade, institutions such as the Massachusetts Institute of Technology (MIT) started to pub-

lish their course’s educational material free of charge in the Internet while being simultaneously lever-

aged by their very high reputation. This openness with respect to educational resource sharing be-

came a trend as other institutions joined in on the effort with their own knowledge sharing platforms. 

Although not formally described as LORs [40], these Open Education initiatives have the same altruis-

tic motivation of publishing high quality learning materials accessible for all while being protected by 

unrestrictive copyright licenses such as the Creative Commons attribution license [40]. The lessons 

belonging to the administered courses in these institutions came to be known as OpenCourseWare 

(OCW) [62]. 

More recently, Massive Open Online Courses (MOOC) platforms, such as Coursera
1
 or edX

2
, have 

emerged, offering, along with learning materials, the possibility of enrolling in a certain course and the 

adherence to a community surrounding that course. These platforms aggregate several courses from 

distinct universities also promoting distance learning and the democratization of Education by lowering 

the requirements needed to join a course (e.g. affiliation with the university might not be needed). 

Conjoint efforts have been employed to LORs as well, resulting in federations such as GLOBE
3
. Such 

federations are sets of LORs that, being interoperable, target a solution for the scarcity of LOs prob-

                                                           
1  https://www.coursera.org/ 
2  https://www.edx.org/ 
3  http://globe-info.org/ 
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lem [11,12] by helping one another through the exchange of their stored metadata. The end result is 

an open mutualism relation where every LOR exploit each other’s provided services avoiding isolation 

and extending the visibility and discoverability of their LOs. 

Indeed a tendency towards open platforms can be identified in either increasingly popular course shar-

ing applications or in federations of LORs whose communities of learners and instructors share and 

reuse learning materials facilitating educational tasks. In literature, all the interested in the TEL field 

accept the challenge on how to make the most of the opportunities that technology is providing us 

nowadays in order to increase the accessibility and quality of educational resources simultaneously 

improving the life of those involved in education. 

1.1 Context 

BOA (in Portuguese, Bolsa de Objectos de Aprendizagem) is an ongoing project of a Learning Object 

Repository web application. Developed by the research laboratory INESC-ID
4
 and with two functional 

instances currently deployed, respectively VemAprender
5
 and BOA-GPI

6
, the BOA project aims to 

support learners and instructors with the providence of properly catalogued learning objects to be re-

used in their educational activities. 

Both deployed BOAv2 [63] instances target different audiences as VemAprender assumes its user 

base is involved in the K12 system of education (i.e. ranging from kindergarten to 12
th
 grade educa-

tion) while also providing materials for all fields of education with respect to K12, meaning Science, 

Mathematics, History, etc. It should be noted that materials published under VemAprender are free to 

be repurposed as needed as long as attribution rights are preserved as intended by a Creative Com-

mons digital rights license. BOA-GPI is more restrictive in its audience as it assumes its contributors 

have a higher education background (i.e. post-secondary) and the subject domain of available materi-

als pertains to the Project Management area of expertise. It further restricts registered users to those 

associated with Project Management courses in Instituto Superior Técnico
7
[41, 42, 51, 52, 63]. 

A community of users is tightly coupled with each respective repository collaborating with one another 

by providing educational materials that can be found using the application’s appropriate search facil i-

ties. Users can also rate, suggest improvements and comment on the submitted materials of its peers 

earning expendable credits used for the acquisition of other LOs. A user is allowed to stipulate an ini-

tial value to its published LOs which in turn varies through time in a positive correlation with its popu-

larity, meaning more user actions performed on a particular LO (such as downloading, commenting, 

etc) result in the inflation of its value. The intention of this collaboration/acquisition loop is to stimulate 

user participation in order for them to afford more LOs while quantifying user collaboration with earned 

credits [41].  

                                                           
4  http://www.inesc-id.pt/ 
5  www.vemaprender.net/ 
6  http://isg.inesc-id.pt/BOA-GPI/ 
7  https://www.ist.utl.pt/ 
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1.2 Problem Definition 

It is easier to maintain and grow a repository based on a number of already existing LOs and a solid 

giving community whereas it is significantly more difficult to build a user-base and a considerable capi-

tal of LOs from scratch [36]. One could argue that having a set of helpful and giving users would cer-

tainly redound in an increase of the number of LOs present in the repository therefore attracting more 

friends or users. However the previous statement assumes the premise of having an already existing 

user base which is not always true in a realistic scenario. One could then rephrase the statement 

claiming that with the presence of a sufficient number of quality LOs, users would be compelled to use 

the application and therefore contribute with additional LOs. Once again we reach a conclusion based 

on the potentially false premise of already having LOs from the start. This is symptomatic of the 

“chicken and egg” LOR problem as presented by Ochoa and Duval in [36]. On the same note, BOAv2 

suffers from a lackluster user community and LO centric engagement as reported by Silva in [42]. In 

this manner the following primary problems emerge in BOAv2’s state: 

 How to achieve an abundance of LOs? 

 How to achieve an abundance of users? 

 How will users be brought in, kept active and behave collaboratively? 

 How can users search LOs in a personalized fashion? 

 How will the LOs be made discoverable for outside sources? 

 How will the users and LOs be managed? 

 How to identify and reward valuable repository assets? 

With all these legitimate concerns, it is discernible that building a LOR is a continuous and multi-

variable challenge and a difficult overall problem to tackle from the beginning. As change was proven 

to be necessary, important qualitative decisions had to be made regarding the LOR as one envisioned 

an ideal future for itself and the community surrounding it. 

1.3 Proposed Solution 

This section presents a simplified overview of the proposed solution for BOAv3 which tackles the prob-

lems itemized in the previous 1.2 section. For increased intelligibility, figure 1 illustrates the key im-

provements that BOAv3 holds versus BOAv2. 
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Figure 1: Solution overview with BOAv3’s improvements versus BOAv2 

A necessary condition for a LOR to be useful is its capital of LOs in order to increase the chances that 

community members find the educational resources they deem to be relevant for their educational 

tasks. Providences were made to integrate LO search results from the ARIADNE repository thus in-

creasing the range of learning resource options that can be reused. In this manner, search terms pro-

vided by users in the application’s UI are composed in a SPARQL query which is federated to 

ARIADNE’s endpoint whose response includes the LO’s content location (i.e. its URL). Driven by the 

same goal, community members are now uninhibited to catalog LO content hosted elsewhere on the 

web therefore being able to create metadata records in the application referencing external resources. 

Similarly to BOAv3 acting as a client towards ARIANDE’s SPARQL endpoint, external parties, mean-

ing other LORs, federations of LORs or client applications in general, can obtain the repository’s LO 

metadata records with appropriately configured SPARQL queries which are forwarded through HTTP 

against BOAv3’s own SPARQL endpoint. This amplifies the discoverability of BOA’s LOs in external 

applications as exposed metadata records are also made machine readable in the preferred encoding 

scheme of the client (typically XML or RDF). 

The visibility of BOAv3’s assets, namely LOs, virtual collections and groups is assured with the imple-

mentation of several social interface patterns. External users which could even not be affiliated with 

BOA can find these assets displayed in, for instance, facebook with the send/share widget pattern, in 
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blogs with the displaying pattern, in an external web page with the embedding pattern or in their own 

email client along with an invitation to join BOA. Consequently the brand is advertised, LO metadata or 

content can be inspected and users can hopefully join the community. 

Sub-communities or groups can now be freely defined with aggregates of users encompassing a set 

of LOs and VCs which trigger collaborative behaviors aligned with the learning or teaching goals of the 

group. Moreover these three domain entities (LOs, VCs and groups), albeit searchable, have its ac-

cess controlled by roles and permissions which are granularly defined by the users who are privileged 

enough to stipulate their policy. A selected few can still override this mechanism therefore acting as 

repository administrators. 

A different approach was taken to the reputation of BOAv3’s LOs as the virtual currency facet of the 

credit mechanism was discarded and the reputation system itself suffered a complete overhaul. In 

fact, reputable targets are now users, LOs, VCs and groups while being automatically scrutinized on a 

24-hour basis in order to obtain a score which is a direct consequence of the automatically captured 

actions that these entities were subjected to within the platform. Users can then be automatically 

acknowledged and rewarded for their positive altruistic behavior while their reputation gradually de-

creases with a time-decaying function aiming to maintain engagement levels. LO’s metadata quality 

itself is automatically scored by a mechanism that also operates daily whilst guiding users to perform 

better in their cataloguing efforts with suggestions in the UI of the application. 

Because actions are being automatically captured, a context made up of users’ past actions emerges 

and characterizes them. With this context and LO metadata at hand, the ordering of retrieved search 

results can be fine tuned to the manifested past preferences of the individual user thus assisting them 

in a personalized manner while they find the LOs that they consider worthy of their attention. 

1.4 Methodology 

In this section the Action Research methodology [53] which disciplined this body of work is summarily 

described and shown how it was applied to this project. The Action Research consists of a series of 5 

phases that, as whole, represent an iteration of a cycle like the one depicted in figure 2. 

The rationale behind the adoption of this research method was due to the fact that BOAv2 had already 

two deployed instances, namely VemAprender and BOA-GPI, with their respective sets of users and 

LOs. Moreover, stemming from the need to introduce modifications to the established social process-

es and user interactions with the application, made the Action Research approach the natural choice 

in order to assess whether the novel produced features resulted in a new state aligned with the goals 

of the project. 
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Figure 2. Action Research Cycle [53] 

The five phase cycle assumes previous knowledge of the information system being considered and a 

delimited scope of intervention for all the test subjects and researchers involved, therefore establishing 

a research environment “necessary to understand the anomalies being studied” [53]. 

Each of the five phases, i.e. Diagnosis, Action Planning, Action Taking, Evaluation and Specifying 

Learning, are summarily presented and described in the context of this research effort in the following 

paragraphs. 

From the Diagnosis phase surfaced which were the primary problems and shortcomings of BOAv2 

additionally describing the problem domain that had to be dealt with by applying future changes to the 

past state of affairs. This phase also encompasses not only the identification and analysis of promi-

nent LORs, their characteristics and qualities but also a research effort aimed to recognize features, 

approaches, similar systems, good practices and trends which are applicable to BOAv3 thereby repre-

senting a theoretical framework that leverages the following phases. 

Based on the developed theoretical framework from Diagnosis, Action Planning specifies which ac-

tions take part of an overall solution to address the identified system problems. In BOAv2’s case, the 

proposed LOR evaluation framework of chapter 3 gave guidance to which were the necessary steps to 

achieve a goal state, one which, when reached, represents a new stage of the information system’s 

evolution while simultaneously producing knowledge that can be reused in future iterations of the Ac-

tion Research cycle.  
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The obtained course of action from the previous phase is implemented in Action Taking. It should be 

noted that Action Research is a participatory method, meaning this phase profits from the involvement 

of both researchers and client subjects (i.e. BOA end users) through a collaborative guidance effort 

that culminates with the provision of ideas and suggestions alongside development. 

The Evaluation phase assesses whether the developed actions based on the theoretical framework 

have produced the anticipated effects and relieved the identified system problems. In the context of 

this dissertation, chapter 5 describes how the evaluation of the developed features was conducted 

alongside a pool of invited test subjects with the subsequent discussion of its results. 

The Specifying Learning phase considers the new insights that Action Research generated through-

out its phases that can either potentially feedback new iterations of the method or “provide important 

knowledge to the scientific community for dealing with future research settings” [53]. Knowledge ob-

tained during the full iteration of the Action Research cycle is made intelligible in chapter 6 where con-

clusions are drawn and possible future work is projected. 

1.5 Document Structure 

This introductory chapter has presented an overall description of the background along with the prob-

lem to be solved and the methodological approach that was taken. Onwards, this dissertation’s con-

tent is organized in the following six chapters and two appendixes: 

Chapter 2 - Related Work: This chapter reports the current state of the art of TEL according to the 

author’s research, particularly in regard to Learning Object Repositories. Other areas of research that 

positively influenced the adopted solution are also mentioned as argumentative value in justifying 

some decisions that were made. 

Chapter 3 - Learning Object Repository Evaluation Framework: This chapter specifies a frame-

work whose objective is to qualitatively evaluate LORs. Its organization section-wise closely resembles 

the various dimensions that together constitute the framework. 

Chapter 4 – Solution and Implementation: This chapter details in each of its sections which have 

direct correspondence with the dimensions of the LOR evaluation framework, the evolution from 

BOAv2 towards BOAv3, both solution and implementation-wise, including the rationale of all decisions 

that were made. 

Chapter 5 – Evaluation: This chapter relays all the information on the qualitative assessment of 

BOAv3 versus other notable LORs and about how a user-driven evaluation was performed with a de-

ployed instance of the application. Results from both evaluations are scrutinized in the chapter’s final 

section. 
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Chapter 6 – Conclusion: This chapter details all the insights that were obtained from this body of 

work. Moreover, the answers to the questions posed in section 1.2 (Problem Definition) are answered 

along with the main contributions that were found to be valuable for the eLearning research communi-

ty in their respective endeavors. 

Chapter 7 - References: This chapter contains an exhaustive enumeration of all the research papers 

and books from which the related work and some parts of subsequent chapters are based on. 

Appendix A – User Evaluation Guide: This appendix contains the user guide that was followed by 

the sample of test subjects who performed the user-driven evaluation of BOAv3. 

Appendix B – User Questionnaire Responses: This appendix provides all the statistical measures 

which were considered to analyze the results of the questions that were posed in the questionnaires 

that were an integral part of the user-driven evaluation. For each question pertaining to each of the 4 

questionnaires, the absolute frequency, average, mode, median, standard deviation and aggregate 

score is indicated. 

  



  9  

 

2. Related Work 

This chapter as a whole constitutes a structured report on the research findings of the current state of 

the art of the TEL field with particular focus on LOs, LORs and its applicable features. The following 

sections uncover a more precise conceptualization of LOs, LORs and metadata (section 2.1), how 

semantic web technologies can contribute to the annotation of web resources increasing their discov-

erability (section 2.2) and the effects of personalized LOR features customized to the individual com-

munity member’s educational interests and needs (section 2.3). Additionally, the advantages of be-

longing to a federation of LORs and the needed technologies for that effect are described (section 2.4) 

along with the disclosure of how metadata quality control capabilities can be developed and applied to 

a LOR (section 2.5). 

2.1 General Concepts about Learning Objects 

In order to properly deliberate on a solution for BOAv2, a careful overview of the concepts behind the 

problematic of Learning Objects is required. Therefore a definition and characterization of Learning 

Objects, their corresponding Repositories, metadata and the advantages obtained through their use in 

an educational setting are presented in this section. 

According to Richards, et al [1], in a nutshell, Learning Objects (LOs) are digital objects or files that 

when adequately catalogued and used constitute “building blocks” for the construction of eLearning 

experiences. The cataloguing of those digital files, when made through the use of metadata, enables 

the creation of the above mentioned Learning Objects. Metadata describes LOs in a controlled man-

ner according to the needs of the users of a certain learning community. 

In turn, the same learning community which is tightly coupled with a Learning Object Repository is 

provided with the basic features for the management of Learning Objects, such as proper warehous-

ing, indexing, cataloguing, searching, sharing, etc. 

Metadata is crucial when dealing with scenarios involving Learning Objects as it represents a common 

understanding and a grouping of good practice guidelines when cataloguing digital files that are sub-

mitted for storage to the LOR. Metadata promotes the desirable property of Learning Object reusability 

as the generally understood description of resources through its various fields facilitates users from 

the community of practice to find and use Learning Objects for the educational scenarios of their liking. 

 When reuse occurs, teachers, for example, avoid the necessity of recreating an educational resource 

that has already been authored, widely used, catalogued, evaluated and approved inside the commu-

nity. The advantages are evident because the instructor reusing the LO gained significant savings in 

time, effort and cost that otherwise he would have to deal with, while simultaneously profiting on po-

tential quality enhancements from the general acceptance of the LO inside the community [12]. As 

McGreal [2] wisely states, “Learning Objects make it unnecessary to have thousands of iterations of 
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the same teaching point”. As for learners, metadata helps the “searching, acquisition and use” [8] of 

particular educational resources that might be of their interest. 

Although conceptually easy to understand, various prominent authors in the TEL field such as Downes 

and Wiley disagree on a more precise definition of Learning Objects than the mere “digital file properly 

catalogued with metadata”[2]. Indeed certain subtleties related to Learning Objects need to be report-

ed in this section as it is intended to convey a state of the art. 

Firstly, “we can expect LOs to come in various shapes and sizes and (…) will probably not all be com-

patible and interlocking” [1]. This quote from Richards, et al refers to the different levels of granularity 

that come with Learning Objects, particularly simple files, lessons, courses, etc. McGreal in [2] pro-

posed a granularity taxonomy consisting of components, lessons, modules, courses and programmes, 

ordered by crescent granularity level. Although the disagreement is generalized and this taxonomy 

was not adopted, it is still accepted that lower granularity Learning Objects tend to be easier to reuse 

[54, 55], while Ochoa and Duval further elaborate on this idea by stating, based on a quantitative anal-

ysis on reuse, that “objects that have a granularity immediately lower than the object being built are 

easier to reuse than objects with a much lower or higher granularity” [17]. 

Another controversial issue is related to the “digital” assumption for a resource. Different Repositories 

have different communities coupled to them, and each community has its own specificities to be ad-

dressed. With this in mind, a LOR, such as MACE
8
, that restricts its material to those related to the 

architectural field finds it useful to have catalogued “Real-World Objects (…) of the real world that are 

relevant for architecture education.”[29]. McGreal however leans towards the acceptance of the ”limi-

tation that LOs must be digital resources” without necessarily excluding “LOs from referring to external 

non-digital objects”, although warning for the possibility of serious usability issues [2]. 

As a common understanding of Learning Objects is present, a definite definition is not generally 

acknowledged due to the subjectivity of interpretations from different authors or specific needs of dif-

ferent communities of practice that raise subtleties not easily coined by the words of a single, simple 

intelligible sentence [2]. 

However, as previously mentioned, metadata as an understood mean of conveying a description of a 

resource (whether it be digital or not, of varying granularities or not) is used in practice to address the-

se commonality and particularity issues, dependent on different communities of practice. 

Duval et al in [32] describe “Metadata principles and practicalities” and show how a metadata architec-

ture and the use of standards can be used to address these issues. Moreover, 4 principles guiding the 

use of metadata with cataloguing intent are identified as follows: 

 

                                                           
8  http://portal.mace-project.eu/ 
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Modularity: It could be a possibility that a certain community needs metadata fields from different 

metadata element sets. As so, it is important to take “advantage of the investment of existing commu-

nities of expertise, and thereby avoiding reinventing well-established metadata sets for each new de-

ployment domain”. Well understood, it is a good practice to selectively aggregate metadata fields from 

different schemas, when needed, according to the necessities of a given community. In practice, syn-

tactic and semantic interoperability is guaranteed through the use of namespace declarations, thereby 

univocally identifying the source of the used fields and delimiting their scope. 

Extensibility: this principle addresses the fact that different communities have different requirements 

when labeling their content and might need particular metadata elements not present in any existing 

metadata element set. Metadata systems must then “easily accommodate the notion of a base sche-

ma with additional elements that tailor a given application to local needs or domain-specific needs 

without unduly compromising the interoperability provided by the base schema”. 

Refinement: choosing the appropriate level of detail for different fields might be of interest in a par-

ticular application domain. The refinement principle addresses this issue by providing 2 different ways 

to specify how detailed a particular element may be:  

 Addition of qualifiers, restricting the meaning of a particular field as a subtype of the original  

broader field. A classic example of qualifiers in practice is qualifying the creator of a resource 

as a composer or sculptor.  

 Specify value sets for a given element restricting their corresponding range of values. Select-

ing a value from a controlled vocabulary may implement the intended level of detail for a given 

field from a set of possible options. 

Multilinguism: Sometimes it may be a requirement for a given community that the metadata conforms 

to certain linguistic and cultural specificities. There are 2 ways for metadata systems to address these 

subtleties: 1. Internationalization: where neutral standards are adopted to facilitate de discovery of 

resources and 2. Localization: specify how such neutral standards can be made specific to particular 

languages or cultures. As an example, for cross-platform discovery purposes a certain metadata rec-

ord may adopt the widely used English language, but that same record, in order to be consumed by 

another community with different language and cultural background may make provisions, such as a 

character set, language field or pointer to an alternative version of the record to the target language or 

culture. 

It is important to reinforce that these principles are not mutually exclusive and may be used together in 

practice. Therefore application profiles combine the potential associated with the above mentioned 

principles in order to provide a metadata schema that is specifically tailored to the needs of a given 

application and community. Combining metadata fields from different declared schemas (Modularity - 

through namespace declaration), extending existing fields with additional ones (Extensibility) and re-

stricting the semantic meaning of selected fields through qualifiers, value space restriction and field 

dependency specification effectively results in an application profile for a metadata system of particu-

lar relevance to a set of interested users. In the case of an application designed for Educational pur-
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poses these users represent learners, instructors and contributors alike. The main goal in taking ad-

vantage of these principles is guaranteeing interoperability between repositories while simultaneously 

addressing the subtleties of a particular community of interest. Revisiting the MACE Repository exam-

ple, an application profile was successfully created following these principles and reached the above 

mentioned interoperability goal. 

Duval et al [32] also identified 3 ways to encode the metadata: 

HTML-encoded: most web content has its metadata embedded in HTML. However, although simple, 

the evident lack of structure of metadata in HTML makes it difficult to understand and harvest (i.e. to 

obtain a copy of a metadata record) by client applications. 

XML-encoded: the structural nature of XML (achieves modularity and extensibility principles by itself) 

make it a wiser choice for the representation of metadata records compared to HTML. 

RDF-encoded (Resource Description Framework): based on the semantic web principle of making 

data available in a machine readable format, this encoding-scheme makes it easier for client applica-

tions to consume metadata records in a structured fashion. It is argued that the inclusion of different 

terms from heterogeneous vocabularies is easier with this type of encoding. When properly stored in a 

triplestore and published in a particular serialization format (such as nTriple, according to the “subject-

predicate-object” convention [44]), queries and assertions with SPARQL (SPARQL Protocol and RDF 

Query Language) are made possible. 

Besides the encoding scheme, associating the metadata record with the resource itself can be made 

according to the following 3 methods: 

Embedded Metadata: metadata fields are encoded directly in the markup of a given resource, if pos-

sible, enabling harvesting (i.e. the copy of the metadata resource) from a single file, which, in turn, 

holds simultaneously the content and the metadata. 

Associated Metadata: the metadata file representing the metadata record for a given resource is 

maintained and managed separately. Altering the metadata record therefore has no effect on the re-

source itself but altering the content may require an update to the coupled metadata record.  

Third-party Metadata: metadata records may be stored in a third-party repository after being copied 

from a specific source - a practice called Harvesting. This third party repository might have the added 

value of increased exposure to a bigger and longer-lasting community. Additionally, specific protocols 

for metadata harvesting may be used in a basis of a network of open archives – notably OAI-PMH 

(Open Archives Initiative Protocol for Metadata Harvesting [45]). 

In order for resources, which are described by their coupled metadata record, to be addressable in a 

global information space such as World Wide Web it needs to be uniquely and univocally identified. 

Therefore URIs (Uniform Resource Identifier) “make machine processing of metadata across lan-

guages and applications far easier“[32]. Namespace declarations also make use of URIs to identify 
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themselves in a global scope. Of particular interest are dereferenceable URIs, which through derefer-

encing with standard protocols (for example HTTP) return a description of a particular resource identi-

fied by the URI, ideally a metadata record that conforms to a previously defined vocabulary specifying 

which fields are used.  A synthetic example of where a certain resource could be located is: 

http://whatever.org/stuff/12345#whatever; whereas if the “hash part” of the URI is removed, meaning 

“#whatever”, the description itself would be presented to the agent performing the request. This de-

scription has the added value of being easily understood and automatically processed by machines, 

rather than just humans, according to linked data
9
 and semantic web

10
 principles. Moreover as these 

resource descriptions - that can be effectively viewed as metadata - link to other URIs with their re-

spective resource descriptions, it allows for a global web of interlinked data which in turn may be 

browsed or queried using a well known language such as SPARQL (SPARQL Protocol and RDF Que-

ry Language)[44]. 

So far, metadata for the purpose of being coupled alongside resources forming Learning Objects has 

been presented, but of particular interest to the users that form a community around repositories are a 

different kind of metadata that contribute to the overall experience with a given Educational computer 

application. This kind of metadata is commonly referred to as Attention Metadata as systems gather 

automatically, silently and precisely which actions users are performing and where their attention is 

directed towards hence forming a context. Personalized Education tools aim to “support students dur-

ing their learning process” [30] and “the first step consists in capturing the context in which they 

evolve” [30]. This context, that may include, for example, information that the user explicitly provides to 

be a member of a certain community (such as age, topics of interest ,educational background, etc) or 

implicit information from previous interactions with the application “is of vital importance to provide 

them (the users) with learning contents and teaching tactics according to their individual needs”[30]. 

This contextual information is used in a set of features such as personalized ranked search or Learn-

ing Object recommendations that are typically present in evolved TEL applications. 

Effort has been made for a wider sharing environment of attention metadata in a federation of reposi-

tories and initiatives as reported in [30].  These efforts assume the adoption of Contextualized Atten-

tion Metadata (CAM), a schema for the characterization of attention metadata and a framework of web 

based technologies for sharing records. It would be advantageous for a starting or rising system to 

have its attention metadata records described in a schema understood in a network of repositories, 

and therefore address the usual absence of user data after deployment by harvesting other’s attention 

metadata. However, and more importantly, it could also be argued that the adoption of the CAM 

schema precludes the privacy of users and may backfire by inhibiting users to commit to a certain sys-

tem when their attention metadata records are being shared elsewhere.  

Another sensitive subject when dealing with data pertaining to the users of a learning object communi-

ty is related to copyright licenses. When a particular user submits a resource to a repository it is ex-

pected in an ideal scenario that any other user can freely use that resource, modify it or integrate it in 

                                                           
9  http://www.w3.org/standards/semanticweb/data 
10  http://www.w3.org/standards/semanticweb/ 

http://whatever.org/stuff/12345#whatever
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a larger granularity Learning Object for a specific learning task. This is not always the case. For in-

stance, “when copyright owners choose to prohibit derivative works” [40] it becomes cumbersome to 

achieve reusability goals for a LOR. In an extreme case “when access is hindered” [40] by bureaucra-

cies such as contracts or licenses “users just turn away” [40]. As a workaround, and according to a 

recent survey of McGreal on LORs, “most repositories (…) use some form of open access permission, 

such as the Creative Commons License” [40]. Creative Commons in the particular case of Learning 

Object Repositories and other Educational Platforms such as the popular MIT-OCW
11

 (Massachusetts 

Institute of Technology  - Open Course Ware) becomes very important since it allows the use, sharing 

and remixing of original work as long as attribution rights are maintained (meaning a user must 

acknowledge the authorship of the original creator) and the Creative Commons license isn’t sup-

pressed by a more restrictive license. An example of a Creative Commons License can be found by 

following the link provided as a footnote to this page
12

. 

In this section an overview on the basic terminology and concepts surrounding the Learning Object 

thematic has been made. The following sections further elaborate on particular features and intrinsic 

characteristics of Learning Object Repositories. 

2.2 Semantic Web 

The challenge of the Semantic Web Movement is the providence of machine readable data, semanti-

cally describing resources on the World Wide Web. As machines can work more easily over larger 

sets of data than humans, the potential for the emergence of applications leveraged by huge, distrib-

uted sets of machine readable data is promising [44]. When data is structured according to a vocabu-

lary specified in RDF, resources uniquely identified by URIs and requests/responses are made on the 

web over HTTP, the linked-data principle can be made possible by interlinking the above mentioned 

structured data. The end result is the possibility to make use of a structurally richer web of data by 

client applications with querying (through SPARQL), inferring and processing capabilities. 

In an Educational setting, Richards et al [1] stressed the lack of general visibility of Learning Objects 

concluding that “much of this investment (in LOs) is used for highly specific audiences and remains 

unknown beyond the immediate creators and consumers”. 

A renowned cataloguing achievement starting from unstructured data towards structured information, 

according to the semantic web and linked data principles is the DBpedia
13

 project. DBpedia aims “to 

extract structured information from Wikipedia and to make this information accessible on the web“[4]. 

Bizer et al, in [4] while describing the architecture and features of DBpedia, emphasized that their sys-

tem benefits from Wikipedia’s “large-scale collaboration of end-users, who are not even aware that 

they contribute to a structured knowledge base”, an example where the community effort of publishing, 

revising and editing of articles is skillfully repurposed towards resource cataloguing. 

                                                           
11  ocw.mit.edu/ 
12  http://creativecommons.org/licenses/by-nc-sa/3.0/us/deed.en_US 
13  http://dbpedia.org/About 

http://dbpedia.org/About
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This structured information is used, for instance, in the civil architecture MACE LOR for the description 

of a special kind of non-digital learning objects, called Real-World Objects [29], corresponding to archi-

tects, buildings, projects, etc. Since DBpedia describes, in this particular case, architects, buildings, 

etc in a structured way, the RWOs in MACE interlinked this information thus relating its LOs’ metadata 

with the information from DBpedia. 

The referral from the RWOS’s from the MACE Repository towards the entities described in DBpedia 

was only possible because DBpedia provisioned the “support (for) data publishers in setting links from 

their data sources to DBpedia. This has resulted in the emergence of a Web of Data around 

DBpedia”[4]. More specifically, “DBpedia defines a globally unique identifier (URI) that can be derefer-

enced over the web into a rich RDF description of the entity” [4] using HTTP, a standard and widely 

used protocol. 

Another option for client applications besides taking advantage of the available Linked Data approach 

is to use a SPARQL endpoint to query a knowledge base of resource descriptions. DBpedia also pro-

vides an endpoint and a knowledge base, the latter is implemented as a triplestore which warehouses 

entity descriptions exportable as, for example, RDF in the nTriple serialization option [44].  

Web applications that promote the existence of RDF links between resources allow browsing of their 

semantic data using a semantic web browser, for instance the Open Link Data Explorer
14

. 

Particularly related to Learning Objects, Pinetree [7] is a lesser known LOR based on semantic web 

technologies, and advocates exploiting RDF for metadata storage purposes. Furthermore it is argued 

that the machine understandable nature of RDF promotes expressivity, its application independent 

syntax provides interoperability and that data decentralization is achieved by the possibility of metada-

ta regarding a single resource to be “spread to different locations on the Web and linked together via 

its URI“[7]. 

The intent of this section was to present related work about how semantic web technologies can be 

applied for digital content annotation while increasing the visibility of their associated resources and 

emphasizing the potential of client applications that take advantage of standardized technologies such 

as HTTP, RDF, URIs and SPARQL. 

2.3 Personalized Ranked Search and Recommenda-

tions 

Learners, teachers and contributors individually have their own preferences, characteristics and past 

experiences with a particular supportive learning tool. As so, in order to continuously adapt the learn-

ing application to the expectations of the evolving user, guidance in particular features must be per-

sonalized to an extreme extent [15]. In the scope of LORs, ranked search and LO recommendation 

are 2 functionalities that require an introspection process generally comprehending as input the user’s 

                                                           
14  http://linkeddata.uriburner.com/ode/ 

http://linkeddata.uriburner.com/ode/
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profile, their past interactions with the application and the stored resources themselves (meaning LOs 

with their content and metadata record). 

As described in section 2.1, automatically capturing user interactions with a given application results in 

the storage of attention metadata whose usage targets the improvement of user experience in future 

interactions with the application. By using attention metadata in ranking or recommendation features 

of a LOR the meaningfulness of those same features towards a particular user is increased thus pro-

moting personalization [13]. 

Attention metadata records contribute to the creation of a context that can also include the profile in-

formation about both the user who executed a certain action and of other users he was collaborating 

with. Additionally a particular sequence of actions that was taken in a given time and at a certain place 

with a surrounding environment, etc also has the potential to constitute a more exhaustive representa-

tion of context. 

Verbert et al proposed in [15] a framework characterizing contextual information for TEL that can be 

automatically captured if possible in a certain application. A description of the 8 identified categories of 

context is presented as follows: 

Computing: includes information about available hardware, software and bandwidth. Potentially ap-

plicable for the selection of learning resources with respect to the characteristics of the user’s device. 

Location: reportedly having limited use in TEL, usage may require the provision of GPS coordinates, 

capturing qualitative locations (classroom, home, etc) or the proximity to certain objects. 

Time: specifies a timestamp or time range in which other contextual information that they are coupled 

with is relevant. 

Physical Condition: describes environmental conditions around the user including heat, sound and 

lighting. A particular use case may be the filtering of LO recommendations based on audio if condi-

tions are not favorable for reading. 

Activity: this category of contextual information corresponds to the actions users perform while inter-

acting with the learning application. Ideally, an event is thoroughly recorded with associated 

timestamp, user identification, user goals, topical interest and action performed. In practice, attention 

metadata falls into this particular category. 

Resource: corresponds to a description of the resource being targeted by the user. Well understood 

and in the scope of Learning Objects it is its metadata and content. 
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User: a modeling of the user profile is expressed in this kind of contextual information. In order to 

properly present this category, user characteristics that may be a component of its respective model 

are further described below: 

 Basic Personal Information:  includes name, contact, gender, affiliations, profession, etc. 

 Knowledge/Performance: represents the knowledge level of the user. It is mentioned that if a 

knowledge testing environment is present in an application, knowledge levels can be updated au-

tomatically depending on performance in test results. 

 Interests: important to personalization as its goal is to guide the user’s learning experience ac-

cording to their interests, needs and preferences. Capturing user interests may be done explicitly 

at registration time or implicitly through the recording of values associated to user interactions 

(e.g. used tags, search terms, content of comments, etc). 

 Learning Goals: comprises short and long term learning goals associated with the user. 

 Learning and Cognitive Styles: discriminates what kind of resources the users have frequently 

directed his attention towards thus suggesting a preferred learning style(e.g. audio-books, slide 

presentations, videos, etc) 

 Affects: information related to the promotion of emotions to support learning 

 Background: information regarding the cultural and religious background of the user, which is 

“outside the core domain of a specific system” [15]. 

It is worth mentioning that the previously presented framework proposed by Verbert et al, resulted 

from a survey of context-aware TEL applications that use a subset of contextual categories and it is 

not expected that all of them are rigorously taken into account when planning a new application for 

educational purposes. 

However, information pertaining to the categories of the context framework can contribute to a more 

useful searching functionality coupled with a ranking facility for the returned results which is automati-

cally tuned towards the prediction of user interests and learning needs with respect to Learning Ob-

jects. An ideal ranking facility for TEL takes into account contextual information, promoting meaning-

fulness, is independent of repository size and growth rate, promoting scalability and should not require 

premeditated user intervention, promoting transparency [11]. 

Additionally the challenge for contextualized search ranking mechanisms is to achieve high levels of 

precision and recall which in turn represent 2 evaluation criteria in information retrieval. Broadly de-

fined, precision is the amount of retrieved LOs that are relevant among all the returned results and 

recall is the amount of relevant LOs in the search results among all relevant LOs in the repository [11].  

Search and recommendation facilities particularly tailored for TEL applications also address the short-

comings of more general purpose information retrieval methods. Considering a popular search engine 

such as Google
15

, it is not uncommon that a large set of suggested links are provided given a particu-

lar query term while only a few of them, hopefully the top results in the list, are effectively relevant to 

                                                           
15  www.google.com 
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the user’s interest. This is a demonstration of the “lack of precision that makes it difficult to unearth 

and identify quality learning resources” [1]. Furthermore, the type of file heterogeneity that is charac-

teristic of learning objects make web content indexing difficult by conventional web-crawlers [1]. Sim-

ple key-word based search in LORs is also insufficient as the same key-word doesn’t discern between 

different topics with varying interest for the user [8]. It is stated in [11] that advanced search providing 

the metadata fields as input requires too much of a cognitive effort towards the user and most im-

portant of all the high precision from expressing the query terms as a filter with metadata fields pro-

motes very low recall as few results are presented and other LOs of interest may not be directly re-

trieved only through key-words applied to its metadata fields. Even simple ranks such as sorting re-

sults by high scoring peer reviews have its flaws as most LOs are typically not reviewed because of 

the effort involved in doing so, while non-reviewed LOs of potential interest may not be presented. The 

subjectivity in the interpretation of individual scores given by peer-reviewers doesn’t contribute to rank-

ing either as the searcher may have a different opinion than the evaluator, even assuming good will 

and exemption from LO reviewers [11]. 

Ochoa and Duval advocate the incorporation of contextual information in ranking metrics that, individ-

ually or combined, score the learning objects meaningfully, transparently and with scalability as men-

tioned in their ideal scenario for LO ranking [11]. A classification of metrics was made according to 

perceived user relevance within the scope of information retrieval [11].This classification is summarily 

presented as follows: 

Algorithmic or System Relevance: corresponds to how well the query term and the resulting objects 

match. 

Topical Relevance: translates to how strong the relationship is between the retrieved objects and the 

user’s topics of interest. 

Personal Relevance: is the association between the personal information needs of the user and the 

returned results. For example, Portuguese learners may prefer Portuguese LOs as they previously 

interacted more frequently with them. 

Situational Relevance: relationship between the retrieved LOs and the current work task of the user. 

With this classification in mind, a sample of possible ranking metrics pertaining to each category is 

presented: 

Topical Relevance Metrics: 

 Basic Topical Relevance Metric (BT): The idea behind the Basic Topical Relevance Metric is to 

keep track of the users’ selections in the search results, therefore valuing LOs that are recurrently 

selected for each query term. Moreover, the similarity between previously performed queries is 

calculated, thus the set of search results and its LO selections for a particular query are taken into 

account with varying weights. This metric sums over all pertinent queries NQ (whose similarity or 

semantic distance -                - is different than 0) related to the one (q) submitted by the us-
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er. It is suggested in [11], that in order to cope with the calculation of the semantic distance or sim-

ilarity between query terms to use an external service such as WordNet
16

. 

 
               

  if   clicked in   

  otherwise 
  (1) 

 

                                      

  

   

 (2) 

 Course-Similarity Topical Relevance Ranking (   ): assumes the existence of information 

about the inclusion of Learning Objects in courses coupled to a Learning Management System. 

However it can also be generalized to virtual collections of learning objects. In that sense, LOs in-

cluded in similar courses or collections contribute more to the scoring of this metric as the chal-

lenge in its calculation is establishing the similarity between courses or collections. Since inclusion 

is best expressed by binary data (included or not included) it is suggested in [11] the use of 

SimRank, a similarity function that quantifies the relationship between courses by the learning ob-

jects simultaneously included in them. SimRank sums over all objects in the system (NO).  

               
  if       
  otherwise 

  (3) 

 
                                             

  

   

 (4) 

The Tanimoto or Jaccard coefficient presented further in this section can also be effectively used 

to score the similarity between courses or collections since it considers binary data. 

By summing over all courses or collections (NC), CST considers the course similarity taking into 

account the current course (c) being composed in a particular task by the user, while multiplying 

with a presence predicate of whether the LO (o) targeted for ranking is present or not in the course 

being summed over. 

 
                                     

  

   

 (5) 

 Internal Topical Relevance Ranking (  ):  This metric also considers information on courses 

from LMSs whose pertinence in this metric can as easily be replicable through user collections. 

This does not imply, however, that a user is composing a course or collection with additional LOs 

as is the case of CST. In the context of this metric, collections are considered as hubs. The more 

LOs are included in the collections that also include the LO being scored, the more valuable that 

hub is. By inheriting and summing over all hub values related to the considered LO (figure 3), the 

IT metric can be calculated as follows. 

                                                           
16  http://wordnet.princeton.edu/ 
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Figure 3. Calculation of hub Values and IT score for each object o [11] 

 
                                              

 

   

 (6) 

Personal Relevance Ranking Metrics: 

 Basic Personal Relevance Ranking (BP):  Considering LOs associated with past interactions of 

the user with the application and their corresponding metadata fields, commonalities between the-

se objects and the LOs being ranked in search results can be identified and repurposed towards 

the calculation of the BP metric. More concretely, if a certain user frequently consumed LOs with a 

common metadata field value in all of them, LOs in the search results that also have that value in 

the respective field will be weighed more heavily in the calculation thus being promoted in the final 

ranked result list. Therefore the frequencies of metadata field values have to be taken into account 

as follows: 

 
             

  if            
  otherwise 

  (7) 

 
            

 

 
                  used by  

 

   

 (8) 

Through a weighted sum over all previously used learning objects (N), a verification (cont function) 

is made for the presence of metadata field value (v) in the metadata record field (f) of the previ-

ously used leaning object (  ). 

Depending on the amount of fields in the metadata standard adopted in a LOR, a sum over all per-

tinent fields of that standard is necessary. Pertinent fields are those filled in with values on the 

metadata record of the object being ranked. The formulation of the BP metric is as follows: 
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                                 present in  

  

   

 (9) 

This formula can be modified to consider other contextual information, not just the fields of the 

adopted metadata standard. With contextual information such as the time of day and if the learner 

used the majority of its LOs in the morning, the ranking system could hold in higher regard other 

objects in the system that were also used in the morning. 

 User-Similarity Personal Relevance (USP): Reuse is an important characteristic for Learning 

Objects hence the fact that the USP formula considers stored LO re-usage information. Much like 

the CST metric, the rationale behind USP from a searching user’s standpoint, is that if other users 

have reused similar educational resources, the LOs which have yet to be reused by the one per-

forming the search will be ranked higher in the results. Taking this into account the USP metric is 

formulated as follows: 

 
                

  if             

  otherwise 
  (10) 

 
                                       

  

   

 (11) 

Once again, the challenge of this metric is the computation of the similarity between users, which 

can be done by the suggested SimRank or by Tanimoto or Jaccard coefficient, both handling bina-

ry data. 

Situational Relevance Ranking Metrics: 

 Basic Situational Relevance Ranking (BS): this metric considers TF-IDF vectors (term frequen-

cy, inverse document frequency) representing the discriminatory power of a set of words in a doc-

ument while in the context of a corpus or collection of documents. For example, considering the 

set of words from sentence s1: “this sounds like my voice” and another set of words from sentenc-

es s2,s3 and s4: “this may be the sound of my phone”, “it does not sound like you” and “this 

sounds like a job for superman” from which the following key-words are extracted into a vector: 

KeyWord = (this, sound, phone, like, may, job); the TF-IDF vector for s1 is TF-IDF_1 = (1/2, 0/2, 

0/1, 1/2, 0/1, 0/1), where for each vector component in TF-IDF_1, the numerator represents the 

frequency of the key-word with the corresponding index in the KeyWord vector, inside of sentence 

s1. This way, for the first index, the key-word “this” appears once in s1 so the numerator is 1. The 

denominator in a TF-IDF vector position represents the frequency of the keyword with the same 

index in KeyWord for the set of sentences s2, s3 and s4. For instance, the denominator with value 

2 in the first index in TF-IDF_1 relates to the fact that keyword “this” appears twice inside s2, s3 

and s4 altogether. TF-IDF vectors can also be calculated for s2, s3 and s4 in a similar fashion. 

The synthetic and extreme case where in a certain index of a TF-IDF vector we have 1000/1, 

means that a particular word that occurred 1000 times, for example, in a description of a learning 
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object, only appears once in the whole set of descriptions from all LOs in a repository which re-

sults in that word having significant importance or discriminatory power over the entire set of 

words from descriptions of LOs in the repository.  

In the formulation of the BS metric, performing the cosine distance between TF-IDF vectors from 

both a collection description (t) and the description of a learning object to be ranked (o) returns a 

score representing how similar these two assets are. Moreover, in practice, this means that 

searching educational materials to be added to a virtual collection can be made more meaningful 

for the end user if the search results are ranked according to how well the descriptions of both the 

collection and result object match: 

 
        

        
 
   

     
  

        
  

   

 
(12) 

In (12), M is the dimension of the extracted keywords vector and both     and     are the compo-

nents of the TF-IDF vectors for the words in the descriptions of the collection and the learning ob-

ject to be ranked, respectively. 

As a side note, Apache Lucene
17

 is an information retrieval software library with text indexing ca-

pabilities that provides an implementation of TF-IDF (various implementations exist). 

 Context Similarity Situational Relevance (CSS): Very similar to the Basic Personal Relevance 

Ranking (BP), this metric instead of considering the Learning Objects that a particular learner has 

used in the past, considers the learning objects present in a collection he intends to compose by 

adding more material while searching. For that matter, a context represented, for instance, by the 

adopted metadata fields in a LOR can be used to rank learning objects. Finding recurrent values 

in metadata fields of the objects already contained in the collection being composed will bias other 

learning objects in the search results which also have the same values. Formulating the metric: 

 
            

 

 
                  included in  

 

   

 (13) 

 
                                  present in  

  

   

 (14) 

A weighted sum (freq) over the presence (cont) of metadata field (f) values (v) on all objects (  ) 

already pertaining to a collection (c) and summing over all metadata fields (NF) of the adopted 

standard which are filled in the object (o) to be ranked, represents the CSS metric. 

This formulation, like the BP metric, is also changeable to consider other contextual information as 

described in the categories of the above described framework proposed by Verbert et al in [15]. 

                                                           
17  http://lucene.apache.org/core/ 
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A evaluation experiment addressing metric performance was reported in [11] for individual metrics, 

their linear combination and a final metric obtained through the training of a neural network algorithm 

whose metric values were calculated from real user data. Although the neural network algorithm pro-

vided better results, the acquisition of large enough user-based data sets to constitute a training set 

for the neural network is not an easy achievement. It is also discussed the application of linear regres-

sion to extrapolate the coefficients of the linear combination of the above presented metrics. The re-

sults demonstrate that the linear combination of metrics with linear regression compensates the short-

comings of metrics with lower performance while maintaining acceptable results. 

It is important to notice what kind of arguments the above presented metrics receive. Since this kind of 

metrics address ranked search, the Basic Topical formula, for instance, depends on arguments that 

are provided at query time, such as the search terms. It is therefore impractical to calculate this met-

rics offline, even in a so called maintenance period at a time of low application usage, because of the 

unpredictability of the search terms the user is going to provide at query time and the amount of pos-

sible argument value combinations for this metric. 

With this in mind, another set of metrics is proposed by Ochoa and Duval in [13] that are applicable to 

both Ranked Search and Learning Object Recommendation capabilities. The major advantage of this 

new set of metrics is their potential to be calculated offline as they depend exclusively on the agglut i-

nation of attention metadata. They therefore are performance friendly in the sense that they are not 

user or query specific while simultaneously allowing themselves to be joined together in a linear com-

bination of metrics. 

A series of 5 metrics holding the above mentioned properties are presented as follows: 

Popularity Rank (PR): This metric simply counts the number of links from users leading towards 

Learning Objects if visualized by means of a graph. Each link can be considered as a different action 

by means of attention metadata. A particular example may be the number of downloads for a particu-

lar Learning Object by distinct users. The inDegree function in the following formulation thus counts 

the number of incoming links, representing some attention metadata action, for a Learning Object. 

                             (15) 

Author-Corrected Popularity Rank (ACP): allowing the popularity of an author to positively bias the 

relevance of learning objects he contributed in ranked search or recommendation is the goal of this 

metric. Taking advantage of PR metric, object relevance with the ACP metric depends on the weighed 

factors of both the number of incoming links towards the learning object being scored(i.e.   

          ) and the popularity of the author of that same object(i.e.             ). The popularity of 

the author is obtained by calculating the number of incoming links towards learning objects he previ-

ously authored. It is to be noted that these incoming links can correspond to attention metadata ac-

tions such as downloading, selecting, previewing LO, etc. 
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 (16) 

                                       (17) 

Weighted Popularity (WP):  various user actions, while being recorded as attention metadata, have 

different importance in the scope of the application as it might be considered, for example,  that down-

loading a LO has higher importance than pre-visualizing it. The WP metric addresses this fact by dis-

tinctly weighing actions according to the perceived importance of a particular community of practice 

and its coupled administrators by properly configuring coefficient values for that effect. This results in a 

popularity ranking metric which is a linear combination of various contributing attention metadata ac-

tions. The formulation is shown right below: 

                                                               

                                                                 
(18) 

Rate of Reuse Rank (RRR): In order to promote recent and upcoming popular learning objects who 

have not yet had time to obtain a reasonable amount of attention metadata records to leverage its 

ranking in search results, the formulation for this metric includes the number of incoming links or ac-

tions towards a learning object to be scored per time period P. In this manner, recently added and 

user targeted materials will be seamlessly boosted according to a time decaying age function: 

 
            

                

           
                           (19) 

Manual Rank (MR): reviewing or rating a LO’s quality is a task that requires a user’s time and effort 

resulting in the fact that most LOs present in a LOR are therefore not evaluated [13]. However, re-

viewed LOs can contribute to a metric that promotes or demotes learning materials accordingly. Atten-

tion metadata reflecting user evaluative actions towards LOs are considered in this metric as follows:  

                                                              (20) 

As mentioned earlier, the previous metric formulas can be used for Learning Object Recommendation, 

which in turn is another feature that can be target of personalization according to a user’s needs and 

interests. In order to properly deliberate about Learning Object Recommendation in the context of 

TEL, general recommender system techniques are summarily categorized below: 

Collaborative Filtering: indentifies similarity patterns between users and items, leveraged by user 

data concerning actions such as ratings, buys, downloads, views, etc. It is therefore based on other 

users’ actions to score the relevance of items. 

Content-based Filtering: exclusively considers the intrinsic characteristics of a user and an item thus 

ignoring other contributions. 
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Hybrid Recommenders: Combines Collaborative Filtering and Content-based Filtering in a single 

model, reportedly overcoming problems such as the cold-start problem, where a new item has no 

coupled information in the beginning of its life-time in order to base recommendations. Another prob-

lem is the sparcity problem where few or no commonalities (meaning ratings, views, etc) are found in 

the user data to generate recommendations [14]. 

For TEL applications in particular, additional problems arise when dealing with Learning Object rec-

ommendation. As so, general purpose recommendation does not address the subtleties of individual 

learners or teachers as characterized by the types of contextual information present in the model pro-

posed by Verbert et al in [15]. Duval reinforces this idea by stating that “only by basing recommenders 

on detailed learning attention metadata can they take into account the learning specific characteristics 

and requirements of our activities” [28]. In fact the recommender applicable metrics proposed by 

Ochoa and Duval in [13] are therefore sensitive to learners and teachers as they base themselves in 

attention metadata, a particular type of contextual information. A reported advantage of customizing 

recommenders for each user is its potential in decreasing search effort by presenting spontaneous 

recommendations [9]. 

In [33], Verbert et al defend the modification of generic collaborative filtering techniques with contextu-

al information in order to provide meaningful recommendations in the learning domain and to provide 

the recommendation engine with additional data, addressing the data sparcity and cold-start prob-

lems[9]. The collaborative filtering techniques in [33] are briefly described in the following paragraphs. 

For the recommendation of items, meaning learning objects in this context, two approaches are identi-

fied: 

User-based Collaborative Filtering: comprising two steps, this approach starts by calculating the 

similarity between the user at hand and other users based on how they co-rated items and in a second 

step ratings from these similar users are weighed in to calculate a prediction for the active user.  

Item-based Collaborative Filtering: also composed of two steps, instead of starting with the compu-

tation of user similarities, item similarities are obtained producing a item X item matrix with the corre-

sponding values in each entry. The following step considers this matrix and user ratings data to make 

predictions on similar items related to the ones previously rated. 

Before presenting the formulation of each filtering technique, it is recognizable that in both approaches 

a similarity calculation is taken into account. Three similarity calculation formulas can then be de-

scribed assuming beforehand they are applied to compute the similarity between users (the calcula-

tion for item similarity is analogous with minor changes) [33]: 

Cosine Similarity: this similarity formulation starts by selecting the items that both users u and v co-

rated, constituting the     set, and then performs the following calculations where    and     corre-

spond to the ratings of user v and u on item i: 
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(21) 

Pearson Correlation: considering the average of ratings from users u and v as    and    respectively, 

this formula takes into account the deviation in rating score for each item (    and    ) relatively to the 

average for each user. The co-rated items from both users is once again represented in the set    : 

 
    

                      

          
          

 
      

 
(22) 

Tanimoto or Jaccard coefficient: ignoring rating values and capable of handling binary data (e.g. 

rated or not rated), this similarity metric measures the number of co-rated items by both users(       ) 

and divides it by the total number of distinct rated items, once again by users u and v, meaning 

(                 ): 

 
    

       

                 
 (23) 

It is affirmed in [33] that the use of this similarity calculation in sparse data-sets is advantageous. 

The prediction calculation itself can now be properly presented: 

User-based prediction calculation (    ): top-k users are selected with the highest calculated similari-

ty weight     based on a threshold and further narrowed if they have rated item i (  ). The calculation 

takes into account how these users rated the targeted item for recommendation with respect to their 

average rating    –    . If    is empty, meaning that none of the top-k users rated the target item, then 

the average rating of the user being targeted for recommendations is retrieved   : 

 
          

                

        

 (24) 

Item-based Prediction calculation (    ): a set of similar items related to the targeted item is consid-

ered (                ) and to generate a prediction for user u regarding item i, the previously calcu-

lated set of similar items (                ) is taken into account for a weighted sum over ratings of 

user u on the similar items j  (   ): 

 
      

                         

                    

 (25) 

Slope-1(    ): Also based in predicting items for users based on item similarity, this particular Slope-1 

formula (variations exist) does not depend on how the target user u rated individual items, but rather 

on his average rating of items   .            is the total number of items with ratings from other users 

both in the item to be predicted and other item which the user u has previously rated. 
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 (26) 

       represents a sum of rating differences for items j and i where V is the set of users that have both 

rated j and i. 

         
       

       
   

 (27) 

It is emphasized, also in [33], the difficulty to obtain large datasets with contextual information of TEL 

applications to properly evaluate the above mentioned techniques since data interoperability (different 

applications have their own way of modeling contextual information) and user privacy issues are an 

obstacle to the effective sharing of user provided data, even for research purposes. 

This section intended to provide a survey on ranked search and recommendation techniques applica-

ble to Learning Objects while incorporating contextual information thus offering the final user a per-

sonalized approach for information retrieval. A framework for contextual information was presented 

and some relevant evaluation metrics for information retrieval were also briefly mentioned. 

2.4 Integration with other LORs 

A common issue with small, isolated repositories is the absence of a significant number of Learning 

Objects, therefore increasing the possibility “that an important percentage of users did not find what 

they were looking for because no relevant object was present in the repository” as reported by Ochoa 

and Duval in [11]. This problem is denominated the “scarcity problem” whereas the inverse problem, 

the desirable “abundance of choice”, can be eventually raised by using technologies, described in this 

section, that promote the integration of a single repository in a network of LORs – a Federation.  The 

“abundance of choice” problem can however be addressed by personalization techniques and fea-

tures as described in section 2.3 [11]. 

This section concerns itself with the scarcity problem, as the BOA project is an evolving effort to im-

prove itself qualitatively as a LOR. Moreover, other more resilient and evolved LORs or networks of 

LORs (such as ARIADNE
18

 included in the GLOBE consortium) have successfully applied technolo-

gies and tools that solve the scarcity problem. The end result of the adoption of these technologies 

and consequent deployment in applications is the integration in a network of LORs whose coordinated 

actions outcome in the sharing of the LOs pertaining to individual repositories, more precisely the 

metadata that describe them. 

 

 

                                                           
18  http://ariadne.cs.kuleuven.be/finder/ariadne/ 
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It is worth mentioning and describing 2 web technologies behind the sharing of LOs among members 

of a network of LORs: 

Open Archives Initiative Protocol for Metadata Harvesting (OAI-PMH)
19

: “Metadata harvesting is 

the process of automatically collecting resource metadata already embedded in or associated with a 

resource”[8] and OAI-PMH is a internet protocol based in HTTP and XML where a harvest interface is 

set up by making a machine with a metadata storage system an OAI-PMH target. By becoming a OAI-

PMH target the stored metadata is exposed and can be harvested by interested parties, other reposi-

tories eventually, by copying the metadata records into their own storage system [26]. 

As a Web-based protocol, all OAI-PMH requests (or verbs) resort to HTTP GET or POST methods 

and OAI-PMH responses are all XML-encoded. A brief explanation of the 6 necessary requests a re-

pository must support in order to be a OAI-PMH target are presented as follows: 

 getRecord: used for the retrieval of a single metadata record, in a particular metadata format and 

with an identifier whose responsibility is of the original publisher of the metadata record. 

 identify: returns information about a particular repository. Notable returned elements in XML are 

repository name, repository URL, OAI-PMH protocol version supported and the repository’s ad-

ministrator contact. 

 listIdentifier: returns the identifiers of metadata records that can be harvested from a repository. 

The returned identifiers may be filtered according to a data range or pertaining to a grouping of 

records (selective harvesting is later described in this section) 

 listMetadataFormats: this request is used to obtain the metadata schemas available for the reposi-

tory. Alternatively the metadata formats available for a particular resource can be obtained. 

 listRecords: is the verb used to obtain copies of particular metadata records. Additionally, selective 

harvesting is permitted based on a date range or membership to a set of metadata records.  

 listSets: retrieves the available sets in the repository. 

Selective Harvesting enables the copy of a subset of metadata records from a particular repository 

while satisfying a particular predicate. In OAI-PMH the available predicates are date-based with the 

specification of a date range (upper and lower bounds may be omitted to harvest metadata records 

from or up to a certain date) or set-based where the harvested repository has previously specified a 

hierarchical organization of their corresponding metadata records. 

As a more detailed explanation is outside the purpose of this document, a more thorough specification 

and guidelines to implementing and setting a repository as a OAI-PMH target can be found in [45]. 

Simple Query Interface (SQI): In order for Learning Repositories to query the metadata records of 

one another, a communication protocol is necessary. The Simple Query Interface (SQI) protocol ena-

bles the establishment of a query interface for a LOR (making it a SQI target) corresponding to the 

implementation of a series of web methods [50]. 

                                                           
19  http://www.openarchives.org/ 
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For communication to occur in SQI, a session between source and target repositories must be set up 

for authentication and configuration purposes. A session therefore comprehends a series of interac-

tions characterized by a unique session token (provided by the SQI target) and an authenticated SQI 

repository source, although anonymous sessions are also possible. Further configuration web meth-

ods related to Session Management are used to enforce target Repository policies, if needed, 

throughout the whole session. Examples include the duration of the session or limiting the number of 

possible query results in a given time range (e.g. per day) for a particular SQI source. 

Querying takes place according to Asynchronous or Synchronous communication scenarios: 

 In the Asynchronous scenario the SQI target of a uniquely identified query initiates the forward-

ing of matching results to a previously set up Listener in the interested source. 

 In the Synchronous scenario the source submits the query to the target and subsequently re-

trieves matching results by calling the appropriate web methods. 

An important benefit associated with the use of SQI is its concern with interoperability issues [12, 24, 

29, 34, 26]. The heterogeneity of different repositories regarding query language, result (metadata) 

format, storage mechanism, etc, implies that SQI, in order to address these differences, has to remain 

agnostic to them, meaning that LORs exploiting SQI’s interoperability have to reach an agreement on 

a configuration of the SQI target comprehending the following details (and the corresponding methods 

in SQI):  

 the query language (setQueryLanguage); 

 the number of results returned within one results set (setResultsSetSize); 

 the maximum number of query results (setMaxQueryResults); 

 the maximum duration of query execution (setMaxDuration); 

 and the results format (setResultsFormat)  

An overview of available web methods for SQI [46] is presented in Table 1: 

Session 

Management 

Query 

Configuration 

Synchronous 

Query Interface 

Asynchronous 

Query 

Interface 

Results 

Management 

createSession 
setQueryLangu

age 
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destroySession 
setMaxQueryR
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getTotalResultsCou
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queryResultsLis
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 setMaxDuration 
getAdditionalQuery

Results 
  

Table 1: Overview of SQI’s web methods 
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A notable effort addressing the sharing and reuse of learning resources on a massive scale is the 

ARIADNE
20

 network of LORs. ARIADNE is a European Foundation, member of the Global Learning 

Objects Brokered Exchange
21

 (GLOBE) consortium, a self-entitled “global alliance that has committed 

to work collaboratively on this shared vision of ubiquitous access to quality educational content” [26]. 

Built on the described OAI-PMH and SQI technologies, ARIADNE developed a platform of services for 

the sharing of educational resources in an “open and scalable way” [26]. The following paragraphs 

elaborate on how these services promote the openness that can be exploited by isolated repositories 

to join with ARIADNE and therefore belong to a wider network of LORs. 

A representation of ARIADNE’s architecture is represented in figure 4 from [26]. 

 

Figure 4: ARIADNE’s architecture [26] 

As it isn’t within the scope of the related work of this dissertation to present the whole architecture of 

ARIADNE’s three layer infrastructure, only notable services that contribute to the potential integration 

of a LOR into the GLOBE network are presented. These relevant services are: 

                                                           
20  http://www.ariadne-eu.org/ 
21  http://globe-info.org/ 



  31  

 

Registry Service: this service maintains the latest information regarding the different repositories as-

sociated with ARIADNE, including their respective adopted metadata schemas (e.g. Dublin Core), 

access protocols (e.g. OAI-PMH, SQI), repository title, description, administrator contact, etc accord-

ing to the IMS LODE data model
22

. Maintaining this information in the different instances of registries 

in the network allows the discoverability of different repositories in the network [34]. A particular exam-

ple of how this information is utilized is related to ARIADNE’s harvesters that can therefore harvest all 

the OAI-PMH targets present in the registry [26]. Registry instances themselves include metadata rec-

ords of the repositories they describe so they are harvestable (with OAI-PMH), searchable (with SQI) 

and can alert subscribers when new repositories are added (with RSS Feeds) to the registry. 

Federated Search Service: this service relies on SQI’s neutrality regarding query languages and 

metadata format of the query results [34] to offer “transparent search to both ARIADNE and GLOBE”. 

It is powered by the Federated Search Engine that exempts client applications from “maintaining con-

nections to several repositories by giving them access to one search interface through which they can 

search an entire network”[12] therefore avoiding unnecessary communication between LORs. As 

metadata stores in the federation maintain all metadata available in the network “the federated search 

engine receives SQI queries (…) then distributes the search requests to various types of SQI targets 

(…) that contain harvested metadata”. It has been proven in practice that LORs can, by using the 

Federated Search Service, avoid dependencies between them and dodge the very cumbersome task 

of having to harvest all metadata from the network locally in order to access them. 

A more thorough explanation of the other internal services provided by the ARIADNE platform of ser-

vices, which are not particularly relevant to the integration of a LOR in the federation, can be found in 

[12]. It is worth noting however that the storage of metadata relies on Oracle relational databases, 

Lucene
23

 indexes (for key-word searching in metadata fields), and XML file storage. As expected, re-

source content is maintained in its corresponding file storage. A depiction of the storage layer can also 

be found in figure 4. 

As Ternier et al [12] knowledgeably conclude, the adoption of SQI and OAI-PMH represent “the only 

logical step to enable an LO economy in which an abundance of learning material replaces the current 

perceived scarcity due to repository isolation”. Additionally “the key to a successful (…) repository 

strategy lie in the ability of repositories to share information and exchange records about LOs and their 

ability to grant access to the objects themselves”[1] therefore solving the scarcity problem and achiev-

ing the desirable abundance of choice. Furthermore the particular case of ARIADNE’s “services pro-

vide the backbone for an open learning infrastructure that provides access to impressive numbers of 

learning objects” [26]. 

 

 

                                                           
22  http://www.imsglobal.org/LODE/spec/imsLODEv1p0bd.html 
23  http://lucene.apache.org/ 
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2.5 Automatic Metadata Quality Control 

In an ideal scenario of labeling educational resources with metadata, either manually created by users 

or automatically generated by a system, one would assume that the metadata’s quality is high enough 

so that it wouldn’t require additional changes. However in a more realistic scenario, various problems 

arise: - submitted educational resources may not even have a coupled metadata record; -metadata 

records may have incomplete field values; - the resource content changed over time rendering the 

metadata record obsolete; - metadata field values may not properly describe the coupled resource, 

etc. 

Metadata quality control addresses these kinds of issues as the absence of control capabilities, espe-

cially in a LOR where LO metadata is an integral part of its functions, can result in the proliferation of 

low quality metadata records with the potential to compromise the effectiveness of provided services. 

Furthermore, metadata quality issues surface beyond the borders of a single LOR when integrated in 

a federation and when its records are harvested by other repositories [37]. 

In [37], Ochoa and Duval discuss two different previously applied approaches towards metadata quali-

ty control. These are summarily described below along with identified advantages and disadvantages: 

Manual Quality Evaluation: human evaluations are performed on single metadata records according 

to a pre-defined set of evaluation criteria. 

 Reported Advantages: 

o this is considered the most meaningful approach to measure the metadata quality as it 

manifests quality as perceived by humans; 

 Reported Disadvantages:  

o it is not time tolerant as the metadata evaluation is only relevant at sampling time;  

o it requires time and effort to produce human evaluations of metadata record quality and 

eventually money if performed by expert cataloguers;  

o it doesn’t scale, meaning it doesn’t get automatically evaluated for each metadata record 

in the repository 

Simple Statistical Quality Evaluation: verifies the conformity to the adopted metadata schema and if 

each metadata field is filled in with a value through the use of simple metrics 

 Reported Advantages: 

o automatically calculated metrics allow for simple statistical analysis to be performed on re-

turned metric results, providing a shallow overview of the repository’s metadata quality. 

 Reported Disadvantages: 

o it is required more than a simple statistical analysis to know individual and overall reposi-

tory metadata quality; 

o does not provide the meaningfulness of a more thorough and useful evaluation. 
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The challenge with automatic metadata quality control is to therefore accomplish 2 important criteria: - 

scalability, obtained by automatically calculating metadata quality by means of metrics; - and meaning-

fulness, where the measurements of metadata quality are highly correlated with expected human 

metadata quality evaluations thus being useful in the long term [37]. 

The definition of what is and what is not quality in the context of metadata for digital repositories is 

also addressed in [37]. Metadata quality does not consider the choice of the metadata schema for a 

repository as it should be schema-agnostic and does not evaluate the quality of the content itself. To 

properly define metadata quality, Ochoa and Duval resorted to Bruce and Hillmann’s framework [47] 

with 7 defining characteristics each of them representing a quality dimension. 

Each quality dimension from Bruce and Hillmann’s framework is presented as follows along with a 

metric with the potential to be automatically calculated from the metadata information present in rec-

ords or easily-collectable contextual data: 

Completeness: ideally all metadata fields should be filled for a single metadata record in order to not 

compromise the effectiveness of a repository’s services. This metric measures this degree of com-

pleteness by providing a score through a weighted sum dependent on how many fields are filled in 

with corresponding varying weights. 

 
        

        
 
   

   
 
   

 (28) 

To be noted that N is the number of fields in the adopted metadata schema while      is a presence 

indicator of whether a particular field has provided user values. 

The dynamic adaptation through time of the    coefficients is suggested by following user interactions 

with the application and discerning which are more frequently used (e.g. in search). 

Accuracy: metadata accuracy addresses how well records describe the content of the object being 

labeled. This way and considering both textual content and textual metadata fields to which this metric 

is only applicable to, it is possible, by counting the number of distinct words, to form two word frequen-

cy vectors, one for the text content and another for the metadata text field. By performing the cosine 

distance between both vectors we can obtain a numerical value corresponding to how similar both 

texts are. 

 
      

                        
 
   

             
  

                
  

   

 
(29) 

In this formulation, N represents the number of distinct words present in both the metadata text field 

and the resource text while             and             are the frequencies for word i in the textual 

content and metadata text field respectively. 
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Conformance to Expectations: the expectations of a certain community when dealing with metadata 

is that it effectively aids them in their tasks. These tasks associated with metadata usage can be, for 

instance, finding, identifying or selecting a learning object from a LOR. It is therefore important, with 

respect to a given task, that the discriminative power of the textual metadata fields describing the 

learning material achieves high values so that just by its metadata it becomes easily distinguishable 

from other materials. For this, TF-IDF vectors are considered, as they carry in each component corre-

sponding to a distinct word a particular TF-IDF value. This value represents the importance of a word 

in a text field as being directly proportional to how frequently it appears in the text field of the metadata 

record currently being evaluated and inversely proportional to how frequently it appears in the same 

text field of all other metadata records. A possible formulation for TF-IDF values is: 

 
                                            

 

         
 

 

   

 (30) 

In this formula, the tf function represents the term frequency and df the document frequency with N 

being the total number of words from the textual field being considered. 

Summing over all textual fields M of the metadata record being evaluated and reducing the range of 

possible values of the metric with a logarithm, constitutes the conformance to expectations metric, 

presented as follows: 

 
                                

 

   

  (31) 

The removal of both stop-words (like “a”, ”for”, ”the”) and common words in metadata records of LORs 

(like ”course” ,”lesson”, ”material”) is suggested as it reduces the dimensionality of the TF-IDF vectors 

resulting in a more efficient calculation of the metric. 

Logical Consistency and Coherence: two different ideas regarding metadata are evaluated in two 

different metrics about Logical Consistency and Coherence respectively. Logical Consistency is the 

degree of conformity of a particular metadata record to its metadata standard and associated good 

practices. A set of N rules about the adopted metadata standard have to be respected in order to have 

the full value of the consistency metric whereas breaking those same rules will degrade the score giv-

en to a particular metadata record. In this manner, the Logical Consistency metric can be formulated 

as follows: 

 
            

  if instance complies with rule   ;

  otherwise 
  (32) 
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The type of rules that the metadata record should abide to can be broadly described as: 

 rules related to the conformity of the metadata record to the controlled vocabulary of the metadata 

standard, meaning that inclusion of fields not present in the standard or the absence of fields set 

as mandatory are considered as a broken rule. 

 not complying with the possible value set for a particular field results in a broken rule in the calcu-

lation of the metric. 

 the presence of a combination of values in different fields which are not allowed in the standard 

also redounds in a broken rule. 

Coherence is the degree to which all the metadata fields of a single LO describe the same resource. 

Being applicable to text fields, a possible coherence metric would consider the average of semantic 

distances (with cosine-distance) between all combinations of TF-IDF word vectors for textual fields 

pertaining to the same metadata record. 

 

     

   
                              

                                            
  

 
 
 

       
 

 (34) 

In the semantic distance calculation, TF-IDF vectors for both fields are considered with N being the 

total number of distinct words present in both fields f1 and f2. 

 
                

                    
 
   

           
  

              
  

   

 
(35) 

Timeliness: metadata records may have their usage potential decreased through the passage of time 

if for example the content of a particular Learning Object iteratively changes and the metadata record 

becomes obsolete. By considering the average value of all metadata quality control metrics N in two 

distinct points in time t1 and t2, the rate of change in metadata quality with respect to that time period 

        can be ascertained. 
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(37) 

The timeliness metric intends to measure how useful a particular metadata record holds up through 

time. 
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Accessibility: the accessibility of metadata records concerns the degree to which the text values per-

taining to the various fields are intelligibly read and understood. In order to automatically obtain a nu-

merical score to represent an accessibility value, readability metrics such as the Flesch index, Fry or 

Gunning fog metrics can be employed. This way, by applying the Flesch index readability metric to the 

N text fields of a metadata record and normalizing the final score, the accessibility metric can be ob-

tained as follows: 

 
       

                   
 
   

     
 (38) 

Provenance: it is expected in a community of practice that certain individuals manually produce better 

metadata records than other. This way, by taking into account the metadata annotation effort made by 

a member of a community in the past, whether they were good or bad, can influence the evaluation of 

a metadata record concerning its quality. A form of user reputation regarding the quality of their cata-

loguing efforts can be achieved through the average of metadata quality metrics from previous N re-

pository contributions. This reputation when obtained in terms of a score can then represent the fol-

lowing provenance metric: 

 
                     

      
 
   

 
 (39) 

To evaluate the metrics, a study was conducted in [37], which considered 2 metadata sets describing 

the same content obtained from the MIT-OCW open courseware initiative. The first set of metadata 

was obtained from expert cataloguers from the same MIT-OCW initiative and the other metadata set 

from an automatic metadata generator. As the provenance and effectiveness of both cataloguing ap-

proaches were different, the metadata quality was expectedly higher for the MIT-OCW cataloguer 

evaluated set and lower for the automatic metadata generator set. The goal of the experiment was to 

establish the utility of the metrics in discriminating between expectedly good and bad quality metadata 

record sets. The results showed that the metrics were able to discern between these two sets by eval-

uating with higher score values the metadata records from MIT-OCW cataloguers and with lower score 

values the automatically generated metadata records. 

This section reports the research findings related to automatic quality control of metadata records. 

Although not many related work was found with respect to this subject in the scope o LORs in particu-

lar, it was explained, in [37], how metadata quality evaluation metrics along the different dimensions of 

the Bruce and Hillmann framework [47] could be applied to a repository in order to provide, at the very 

least, a low quality metadata record filter. 
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3. Learning Object Repository Evaluation 

Framework 

In order to plan a solution for BOA it was necessary to evaluate its qualities as a LOR and recognize 

potential features that can benefit the end users that constitute its community. For this evaluation to be 

accomplished, a framework with the capability to assess in a controlled manner the various qualities 

and potential features was necessary to emerge. As the fully built framework is depicted in table 2, it is 

recognizable that each dimension (represented by a row) captures qualities and features that were 

surveyed either from chapter 2’s related work or from similar eLearning systems. This chapter is then 

organized such that each dimension is presented and discussed in their respective sections. 

 Possible Values 

G
e

n
e

ra
l 

P
ro

p
-

e
rt

ie
s
 

Intended Audience K12, Higher Education, Other 

Subject Domain Any possible knowledge area 

Peer-Reviewing Present/ Not Present 

Federation Present/ Not Present 

Intellectual Property Rights Creative Commons, Other 

M
e

ta
d

a
ta

 Standard 
Dublin Core, IEEE LOM, SCORM, Application Pro-

files 

Encoding HTML, XML, RDF 

Generation Approach Manual, Automatic (some fields or all) 

Quality Control Present, Not Present 

S
to

ra
g

e
 

Type 
Triplestore, Relational DB, Lucene Index, File 

Storage 

Locality Locally Hosted Content, Referatory, Hybrid 

S
e
a

rc
h

 F
a
c

il
it

ie
s
 

Simple Present, Not Present 

Advanced Present, Not Present 

Browsing Present, Not Present 

Personalized Search Present, Not Present 

Federated Present, Not Present 

SPARQL Queries Present, Not Present 

S
o

c
ia

l 
F

e
a

tu
re

s
 

Virtual Collections Present, Not Present 

Sub-Community Management Present, Not Present 

Intra-site Messaging Present, Not Present 

RSS Present, Not Present 

Tagging Present, Not Present 

Reputation System Present, Not Present 

Social  

Interface Pat-

terns 

Displaying Present, Not Present 

Send/Share Widget Present, Not Present 

Embedding Present, Not Present 

Send/Receive Invita-

tions 
Present, Not Present 

Profile Present, Not Present 

Personal Dashboard Present, Not Present 

Table 2: Framework for LOR evaluation 
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3.1 General Properties 

Some general properties may distinguish a repository among peers. Restricting a LOR and its objects 

by subject domain, coupled Intellectual Property Rights or its audience’s educational background are 

some of the characteristics that were found to be relevant in the LOR evaluation framework. 

3.1.1 Intended Audience 

The targeted audience of a LOR may be initially restricted to a certain profile of users. When con-

cerned with educational resources, LORs associated with universities restrict their materials to the 

level of knowledge assumed for its students. LORs such as LearnAlberta
24

 publish LOs assuming their 

audience is learners associated with the K12 system, meaning from kindergarten through twelfth 

grade [8]. BOA-GPI
25

 on the other hand is deployed assuming Instituto Superior Técnico’s
26

 college 

level students. 

3.1.2 Subject Domain 

Another restriction that may be imposed on a Learning Object Repository is the Subject Domain which 

in turn may be science, engineering, health, etc. Some notable examples include the MACE LOR
27

 for 

civil architecture or BOA-GPI that only comprehends Learning Objects related to the Project Manage-

ment area of expertise. 

3.1.3 Federation 

A federation is a set of interoperable repositories, joined together by the intent of sharing Learning 

Objects (or their respective metadata) between themselves thus increasing their visibility and discov-

erability. The Global Learning Objects Brokered Exchange (GLOBE) consortium “is the largest federa-

tion worldwide” [26] and ARIADNE
28

 is a LOR that contributes to the development of a set of services 

using technologies such as SQI and OAI-PMH that facilitate the integration of outside repositories 

ensuring effective sharing of LOs besides communication and interoperability between LORs [11, 12, 

26, 16, 24, 34]. A relevant service provided by ARIADNE is the SQI-based federated search engine 

which relays LO searches across the federation retrieving relevant results. 

3.1.4 Intellectual Property Rights 

One of the main goals of LORs is the sharing and reuse of Learning Objects whether it be among 

members of a community or with external entities/client applications. Obstacles are raised when those 

same LOs are published under a restrictive license about their respective usage, copy and redistribu-

tion therefore undermining the LOR’s functions as resources can no longer be freely reused and 

                                                           
24  http://www.learnalberta.ca/Home.aspx 
25  http://isg.inesc-id.pt/BOA-GPI/ 
26  www.ist.utl.pt 
27  http://portal.mace-project.eu/ 
28  http://www.ariadne-eu.org/ 
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shared. Facing this kind of restrictive policies, users would just turn away from LORs [40]. Repositories 

can then suggest the publication of learning materials under a Creative Commons
29

 license as is the 

case with Connexions. When a user follows the workflow of submitting a new LO (i.e. a new module 

according to Connexions’ nomenclature), the first step consists on an agreement that the educational 

resource can be used, shared and remixed as long as the original author is given credit for their work 

thus following the terms and conditions of the Creative Commons attribution license
30

. A help page
31

 is 

also provided with frequently asked questions regarding Intellectual Property rights implications in the 

application.  

3.1.5 Peer-Reviewing 

Reviewing the quality of the content of LOs is the providence of a score for the educational potential of 

a resource when in the scope of a certain learning task. MERLOT employs a community regulated 

peer-reviewing according to 3 criteria: - content quality, potential effectiveness an ease of us [25]. 

Each of these criteria, plus an overall score, are attributed according to a 5 star rating approach. As 

Peer-reviewing is manual and performed by humans it is a time-consuming activity and it is to be ex-

pected that a minority of LOs are effectively reviewed. It is reported in [13] that only about 10% of LOs 

in MERLOT are rated according to the 3 review criteria. Peer-Reviewing should not be mistaken with 

manual metadata quality evaluation as the latter refers to the evaluation of the metadata records (not 

the actual content) in order to facilitate search services, for example. 

3.2 Metadata 

Metadata related dimensions address repository choices regarding which standards can be followed 

to describe LOs and how metadata records will be encoded in the application. The possibilities regard-

ing the generation and quality control of metadata are also covered in their respective dimensions. 

3.2.1 Metadata Standard 

One of the most important decisions when approaching the implementation and deployment of a 

Learning Object Repository is which metadata standard to adopt. Excluding application profiles that 

extend a metadata standard with additional elements for a particular community of practice, three rel-

evant metadata standards should be mentioned. The minimalist Dublin Core
32

 element set is a general 

purpose metadata vocabulary with 15 elements (contributor, coverage, creator, date, description, for-

mat, identifier, language, publisher, relation, rights, source, subject, title, type). The qualified Dublin 

core element set includes 3 additional elements and a series of qualifiers the further restrict the se-

mantic of some elements. Although applicable to LOs the Dublin Core element set does not contain 

attributes describing the pedagogical perspective of the Learning Objects themselves [8]. 

                                                           
29  http://creativecommons.org/ 
30  http://creativecommons.org/licenses/by/3.0/ 
31  https://legacy.cnx.org/help/ip 
32  http://dublincore.org/ 
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IEEE LOM
33

 is targeted particularly at learning objects specifying a schema for their description. 

Broadly described, the elements composing the standard can be grouped into 9 categories (General, 

Life cycle, Meta-metadata, Educational, Technical, Rights, Relation, Annotation, and Classification 

categories.) including their pedagogical aspect, good practices, rights attribution, etc [8]. 

The SCORM (Shareable Content Object Reference Model) is a 3 part compilation of standards for 

describing educational resources [8]. The first part describes how the Learning Objects of a particular 

resource should be packaged together and how the content is supposed to be delivered to the user. 

The second part is the Run-Time environment specification which comprehends how a learner can 

obtain a resource from the web through the use of an API provided by the educational system deliver-

ing the Learning Object. The third part is a Sequencing specification directing the learner through the 

resource’s content according to their completion rate and performance scores. 

It is arguable that selecting the most expressive metadata standard is a better overall choice for the 

description of educational resources as it facilitates the matchmaking of search mechanisms through 

its number of descriptive fields [32]. However one has to take into account that labeling content is a 

labor intensive activity and that manually assigning metadata is an uninteresting task for cataloguers, 

so a simpler schema would be better [8]. The selection of the metadata standard to be adopted in a 

LOR should therefore be guided by the requirements of a given community of practice as is the case 

of MACE
34

 who developed its own MACE-AP[56, 58] metadata application profile extending the capa-

bilities of the IEEE LOM metadata standard by making provisions in its fields to describe Real World 

Objects(RWOs) like buildings, projects, plans, etc. 

3.2.2 Metadata Encoding 

As mentioned in section 2.1, three metadata encoding possibilities exist: 

 the less structured but more human visible HTML encoding; 

 the structured, modular and extensible XML encoding; 

 and RDF encoding which facilitates term reuse from various vocabularies, machine readability by 

conformance to Semantic Web principles and metadata querying through SPARQL. 

3.2.3 Metadata Generation Approach 

Generating metadata for content can be essentially done through 2 approaches. The first is manual 

annotation, where the human contributor fills all the fields of the metadata standard with corresponding 

values in a properly configured form. Although meaningful and high quality metadata records are to be 

expected, claims of its costly, labor-intensive and low scalability (meaning it does not keep up with the 

growth of repositories) disadvantages are reported in [32, 8]. 

The second approach is automatic generation of the metadata field values. In practice, metadata har-

vesting and extraction are two ways to automatically produce metadata field values. Harvesting is the 

                                                           
33  http://ltsc.ieee.org/wg12/ 
34  http://web.archive.org/web/20141217143611/http://mace-project.eu/ 
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process of copying already produced metadata records from other source repositories to the target 

repository [8]. Extraction comprehends the mining of metadata from the content of a Leaning Object. 

Extraction techniques include both natural language algorithms and the recognition of certain proper-

ties of the Learning Object’s files (file type, for example can indicate the type of learning object as au-

dio, video, etc) [8,32]. Automatic generation of metadata records remains a promising feature for 

LORs in terms of repository scalability as it is dependable on advances and the applicability of natural 

language algorithms, mainly for metadata textual fields such as the LO’s topic or description [32]. 

Some notable examples of repository approaches should be mentioned as concrete examples of how 

to tackle metadata generation problems. The ARIADNE project has developed a software framework 

called SAmgI [60] for automatic generation of metadata, where developers can extend its abstract 

object oriented classes to implement an extraction based generator for whatever schema they desire. 

Moreover, ARIADNE has a webservice currently deployed with an existing SAmgI implementation 

where client applications can request a metadata record for a given document in a metadata schema 

chosen from a list of already existing generators(for example, a generator for IEEE LOM). MACE, on 

the other hand, leverages its metadata generation efforts by first harvesting metadata records from 

other civil architecture related LORs with whom they have an established partnership [56, 57, 58, 59]. 

Then, with these metadata records at hand, a so called enrichment or metadata generation process is 

performed where a resulting MACE-AP metadata record is obtained by automatically extracting miss-

ing metadata attributes, semi-automatically present to human supervisors enrichment proposals [56] 

or perform manual enrichments by civil architecture experts. An unusual and interesting feature in 

MACE’s metadata generation approach is its attempt to link, whenever possible, the entities described 

in its MACE-AP metadata records to information obtained through dbpedia, effectively complementing 

resource descriptions [59]. With this in mind, a metadata record concerning a particular building might 

be complemented with information regarding its architects, location, etc from dbpedia itself.  

3.2.4 Metadata Quality Control 

Metadata quality control is the process of reviewing the values present (or absent) in the metadata 

record fields thus ensuring the effectiveness of services provided by a LOR. Manually reviewing the 

metadata records results in a meaningful evaluation which reflects how useful the metadata record 

can be in terms of the search services offered by the repository to its users. However, the associated 

costs, the growth of LORs and the mutability of LOs between versions render this manual approach 

impractical whereas automatic quality evaluation scales as LORs quantitatively grow in number of 

published LOs [37]. The problems with poorly annotated metadata records can even become visible 

outside of the scope of a single repository, meaning that if a LOR is in a federative scenario, the recur-

rent sharing of LOs can amplify the negative effects of not having properly catalogued fields for search 

services to match against user submitted queries. As mentioned by Ochoa and Duval in [37], the 

quality estimation of metadata through the automatic calculation of metrics is a rare research topic and 

to the author’s knowledge only the formulas presented in section 2.5 have been found applicable in 

the user studies of both [37] and [60]. Although a full blown quality control mechanism is not formally 

present in ARIADNE, this LOR has a validation service which can be developed against a JAVA li-
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brary, accessed through a REST API or used through a web interface
35

 to verify the conformity of 

metadata record towards the rules of a set of metadata schemas [26]. 

3.3 Storage 

Due to the twofold nature of Learning Objects, with its components being the content and metadata 

record, it is important to capture this aspect in terms of storage capabilities for a LOR in the following 

storage type possibilities and locality dimensions. 

3.3.1 Locality 

Locality, as defined by McGreal in [40], refers to where both the content and metadata are actually 

hosted application-wise. Three approaches are possible with respect to locality: 

 the repository enforces the LO content to be hosted locally along with the metadata record;  

 a system behaves as a referatory, i.e. a repository that houses metadata record for content hosted 

elsewhere; 

 the user is given the option to refer either to content hosted outside of the LOR or to previously 

submitted files in the repository itself thus being a hybrid approach;  

The choice between either a purely referatory behavior or the enforcement of LO content to be hosted 

in the application does not come without some tradeoffs as a system purely relying on links may be 

pointing to broken content references whereas the latter option increases the likelihood of Digital Right 

Management issues to surface. However, when content is directly submitted to a LOR an opportunity 

emerges to educate the community by incentivizing them to publish LOs coupled with a Creative 

Commons license thus guaranteeing its reuse [58].  

3.3.2 Type of Storage 

Different types of storage systems bring forth different advantages regarding metadata. Triplestores, 

for instance, are capable of delivering XML or RDF encodings of its triples (in the various serialization 

formats) according to the “subject-predicate-object” convention whereas if applied to a LOR these 

RDF encodings can correspond to the metadata records of requested LOs [7]. More concretely, if one 

would want to express that a certain LO has a title named “Introduction to Javascript” this would be 

possible by means of a triple by considering a URI uniquely identifying the LO to be the subject, the 

title as the predicate (given, for example, by the Dublin Core element set namespace) and “Introduc-

tion to Javascript” as the corresponding object value describing the LO [44].  

Lucene is a software library supporting text indexing and searching whereas coding against its API 

comprehends the concept of documents whose named fields contain textual values. Mapping a 

metadata record’s fields with Lucene document’s fields makes it possible to leverage a LOR’s search 

capabilities and retrieve pertinent LOs by matching user provided keywords with the textual values 

present in Lucene’s indexed document fields.  

                                                           
35  http://ariadne.grnet.gr/AriadneValidation/validateMetadata.jsp 
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Relational Databases allows applications to model their domain entities into tables, columns and rows 

while LO metadata may also be modeled against a relational database and associated with other 

stored data(e.g. application data, user data, etc) simultaneously benefitting from Database Manage-

ment System features like SQL(Structured Query Language), indexing or transactions. Moreover, 

some database management systems fully support the XML data type which allows applications to 

bypass the cumbersome task of parsing XML documents into the relational model. On the same note, 

XML querying and node retrieval is achieved at the database level through XQuery
36

 and XPath
37

 re-

spectively. 

3.4 Search Facilities 

As LOR users want to find the learning objects that support their educational tasks a search feature is 

therefore mandatory for any repository. Through the analysis of other LORs and similar educational 

systems a series of searching mechanisms are presented in the following sub-sections. 

3.4.1 Simple Search 

Simple keyword based search matches the query terms obtained from a properly configured textbox 

against the values of a number of metadata fields defined by the LOR, subsequently retrieving pert i-

nent results thus requiring a low cognitive effort on the user’s end [25, 29]. Although useful, this kind of 

search only takes into account how well the query terms match the metadata field values, not taking 

into account the topical interest or the current educational task of the user at hand[8].  

3.4.2 Advanced Search 

The so called Advanced or Facetted Search lets a user input values for the LO metadata fields of his 

choosing in a interface with optional filtering capabilities given by a logical combination of provided 

values (e.g. LOs from a certain author but not before a particular date)[25]. Disadvantages concerning 

advanced search facilities are the cognitive effort required to produce a search query and the low re-

call of results which may exclude LOs with potential relevance for the user although high precision is 

to be expected, as explained in [11]. Besides LOs, Connexions
38

 allows the retrieval of user, virtual 

collection and group search results while MERLOT further presents, when requested in the search 

interface, comments, peer reviews and learning exercises associated with the originally retrieved LOs. 

3.4.3 Browsing 

Browsing is another search approach that assumes that all learning objects have been hierarchically 

categorized into a structure of, for example, subjects similar to the Universal Decimal Classification
39

 

system. Browsing by classification in the MACE LOR comprehends the traversal of a hyperbolic tree 

                                                           
36  http://www.w3.org/TR/xquery/ 
37  http://www.w3.org/TR/xpath/ 
38  http://cnx.org/ 
39  http://www.udcc.org/ 
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representing, in each of its nodes, the hierarchy of possible values for the classification metadata field 

of MACE-AP. Additionally, the label’s font size in each of the tree’s nodes is proportionally equivalent 

to the number of LOs in storage that have a particular classification field value. A textbox with auto-

completion capabilities is also available in order for the user to move directly to the intended classifica-

tion node instead of always starting the navigation from the root [55, 56]. When tagging is available for 

the LOR, it allows all users to freely label any resource according to their understanding of it thus col-

lectively forming a folksonomy. A tag cloud visualization can then be produced and exploited for social 

browsing purposes, leading users to find LO “niches that are relevant for them” [28]. In this visualiza-

tion, labels are presented with proportionally sized fonts according to the frequency of user attributed 

tags giving a visual cue as to what the community wide folksonomy looks like. 

3.4.4 Personalized Search 

Personalized Ranked Search and Recommendation techniques are described in section 2.3. These 

information retrieval techniques take into account not just the metadata records of the LOs but also 

contextual attention metadata encompassing past interactions of a particular user with the repository 

application therefore providing more meaningful search or recommendation results as this contextual 

information reflects the user’s interests[8,13, 25]. As explained in section 2.1, the Contextualized At-

tention Metadata (CAM) schema formalizes this kind of metadata and it leverages MACE’s personal-

ized search mechanisms with the recognition of its community’s LO usage patterns thus influencing 

the weight and rank of search results for a particular user [30, 56 , 57, 59]. 

3.4.5 Federated Search 

It may be possible for a repository to retrieves LO search results across a set of LORs with whom it 

has an already established partnership where involved parties share metadata records addressing the 

LO scarcity problem typical of isolated repositories such as BOA [11]. ARIADNE, which is a LOR 

member of the GLOBE consortium, provides a federated search engine which redirects search que-

ries to the various LORs that constitute the federation. The used web technology to support this kind 

of search is SQI [11, 12, 40]. Additional details regarding SQI and the available services from 

ARIADNE are presented in section 2.4. Merlot also has established partnerships with either other 

LORs, namely Connexions, or Open Courseware applications like OER Commons
40

 enabling its users 

to federate searches
41

 to these applications and retrieve results through their respective search inter-

faces. Popular Web 2.0 web applications can also be queried in order to complement search results 

with YouTube
42

 videos, slide presentations from Slideshare
43

 or online articles from Wikipedia
44

. 

 

                                                           
40  https://www.oercommons.org/ 
41  http://fedsearch.merlot.org/fedsearch/ 
42  http://www.youtube.com/ 
43  http://slideshare.net/ 
44  http://wikipedia.org/ 
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3.4.6 SPARQL queries 

A particular repository may publish its metadata records with the RDF encoding scheme therefore 

semantically annotating the content of LOs in a machine readable format according to semantic web 

principles. By setting up a query endpoint where the RDF encoded metadata records can be searched 

through the query language SPARQL, a LOR allows client applications to search or eventually copy 

the metadata records to their own storage systems [4][7]. Further details are presented in section 2.2 

where the DBpedia and the Pinetree repository are systems that present a SPARQL endpoint to web 

crawlers. ARIADNE has also recently set up a triplestore with a coupled SPARQL endpoint
45

 where 

LO metadata records of the GLOBE federation can be queried by interested client applications. More-

over, because the LOs, which are uniquely identified by its URI, can be interlinked with other entities 

via their respective URIs, ARIADNE makes the effort to opportunistically complement the description 

of its educational resources with information provided by dbpedia and the WordNet
46

 project, particu-

larly the keywords and coverage fields. To the author’s knowledge and research effort it was not pos-

sible to determine if the adoption of a triplestore and SPARQL is a way of ARIADNE to provide an 

alternative to SQI as a way to obtain search results and metadata records for LOs in the web. In prac-

tice, although it seems that SQI has the advantage of being flexible in terms of making provisions on 

an agreement of chosen query language between repositories before the actual communication of 

results, if SPARQL usage becomes a trend for LORs the need for such an agreement would  turn out 

to be redundant. It should be noted as well that the SQI is not standardized per se in contrast with 

SPARQL which was made a standard by the RDF Data Access Working Group (DAWG) of the World 

Wide Web Consortium
47

. 

3.5 Social Features 

Ochoa in [18] identified in Connexions
48

 an abnormal growth rate in its user base and contributions 

when compared to other LORs, recognizing that this positive anomaly derived from its openness to 

new contributors and the social interactions between novices and experts alike. Ochoa further refined 

the classification of Connexions as a “Social LOR”. 

The principles and practices surrounding Web 2.0 as explained by Tim O’Reilly [48] also represented 

a behavioral shift for web users who also became producers of content instead of simple consumers 

of static information in web pages. Facilitating content production and communication for users, results 

in a “network effect” that also promotes collaboration and social interaction. 

Taking into account the Web 2.0 philosophy and the Connexions success case that promotes social 

interactions and contributions from LOR community users, a set of features applicable to LORs will be 

scrutinized in the following sub-sections. 

                                                           
45  http://ariadne.grnet.gr/sparql.tpl 
46  https://wordnet.princeton.edu/ 
47  http://www.w3.org/2009/sparql/wiki/Main_Page 
48  http://cnx.org/ 

https://en.wikipedia.org/wiki/World_Wide_Web_Consortium
https://en.wikipedia.org/wiki/World_Wide_Web_Consortium
http://www.w3.org/2009/sparql/wiki/Main_Page
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3.5.1 Virtual Collections 

Virtual collections are LO aggregates from different sources generally released under a Creative 

Commons license that can potentially be interpreted as a higher granularity Learning Object such as a 

course, module, etc. In the particular case of Connexions, the creation and maintenance of a collec-

tion is a collaborative activity when additional users are involved. As such, there are 5 roles that can 

either be inherited (e.g. if a LO included in the collection is authored by a Connexions user, it automat-

ically inherits the Copyright Holder role) or proposed towards a community member by the author of 

the collection. These 5 roles are editor, translator, author, copyright holder and maintainer. The collec-

tion can also be iteratively composed while searching for additional LOs from inside the site. 

3.5.2 Sub-Community Management 

Although a LOR by itself has a coupled community composed of every member associated with the 

application, a closer inspection into other example repositories is revealing that sub-communities or 

groups can be either willingly created by members themselves or partitioned ahead of time by system 

administrators. Besides surrounding a subset of community members, these user aggregates can at 

the same time consider yet another subset of LOs or Virtual Collections which are object of the 

group’s work effort whichever their goal may be. With this is mind, MERLOT statically specifies its 

communities according to 3 types
49

: - Academic Discipline Communities (each encompassing a par-

ticular knowledge domain); - Academic Support Communities (for materials and pedagogical support 

in eLearning); - Partner Communities (for institutions who partnered with Merlot benefitting from a cus-

tom web portal and their services). All communities, regardless of type, have a number of privileged 

users
50

 who have proven themselves in their respective field of expertise thus acting as official peer 

reviewers, actively triaging and curating the submitted community materials. Moreover, Merlot has a 

partner site
51

 which enables the spontaneous creation of learning groups or, on its own denomination, 

“community conversations” where content may be linked to a set of associated pages and discussions 

surrounding the learning tasks of the group can be partaken by its members. Group configurations are 

arranged beforehand along with its public visibility, invitation policy and approval options. 

3.5.3 Intra-site Messaging 

Intra-site messaging, audio or video streaming are communication mechanisms with the possibility of 

linking learning peers or educators through an online conversation [3]. Of the analyzed LORs only 

MERLOT in its partner Voices partner website provided this means of community user communication. 

 

                                                           
49  http://info.merlot.org/merlothelp/index.htm#communities.htm 
50  http://facultydevelopment.merlot.org/people.html 
51  http://voices.merlot.org 

http://voices.merlot.org/
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3.5.4 RSS 

RSS (Really Simple Syndication) is a web format that follows the web 2.0 philosophy of promoting a 

media dialogue with contributors on the web, allowing interested parties to syndicate site content by 

receiving XML encoded updates over HTTP which, in turn, are processed in the receiving end by RSS 

readers and presented to subscribers. MERLOT provides RSS feeds per academic subject and per 

community member parameterized by a set of clauses that configures the updates towards the expec-

tations of the subscribing user (e.g. recently added resources, most viewed in past 30 days, etc). More 

interestingly, RSS is coupled to MERLOT’s search mechanism in order for users to receive updates on 

LOs that comply with the specified search criterion whereas the link for the feed is presented at the 

bottom of the search results page. 

3.5.5 Tagging 

Tagging is the act of labeling content with descriptive keywords resulting in a user-based classification 

of emergent concepts [6] named a folksonomy. In turn, a folksonomy can be made intelligible by 

means of a tag cloud visualization that presents more prominently, the community-wide set of most 

frequently used tags. This visualization also has the potential to be browsable by presenting LOs la-

beled with a particular tag if it is desired and chosen by the end-user [29]. Tagging and folksonomies 

are examples of “harnessing collective intelligence” as described by O’Reilly [48] whereas Marlow et 

al, in [6], project additional uses for tags in search, reputation systems and personal information or-

ganization while claiming that “tagged resources enhance metadata for all users” and “potentially dis-

tributing the workload for metadata creation amongst many contributors”. 

3.5.6 Reputation System 

Reputation Systems intend to monitor a given community and the interactions of its members with the 

application while calculating a reputation score representing a valued judgement on an individual, for 

example [49]. These scores can be used to reward users who are positively engaged and contribute to 

the community either with presences in contributor leader boards, additional profile customization op-

tions, weighing their LO reviews and ratings more heavily, access to certain privileged actions (e.g. 

moderation) in the application, etc. Besides rewarding, a reputation system can identify contributors 

who published low quality LOs as perceived by the community and educate them whilst presenting 

them with suggestions on how to improve their behavior. To maintain high quality user contributions a 

decay function is applied through time, progressively diminishing their reputation scores as a hidden 

incentive to avoid stalling their engagement [49]. Ebay’s
52

 web reputation system is renowned for its 

feedback system, where the reputation of a given seller is built up through time by positive buyer 

feedback. It is in the seller’s best interest to maintain his positive feedback ratio which reflects his rep-

utation. MERLOT also has a Reputation System which quantifies user contribution, visually rewarding 

them with viewable ribbons next to their profile image as a sign of community recognition. 

                                                           
52  http://www.ebay.com/ 
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A reputation system is also applicable to LOs where each action targeting a particular LO enhances 

his score which is in turn symptomatic of its popularity. Ratings and reviews can also contribute as 

easily to the LO’s value. A synergy between user reputation and LO value (which can also be under-

stood as its reputation in a sense) can be put into practice when, for instance, a particular user’s re-

view is weighed in more heavily in the LO’s value score calculation if he has high reputation in the 

community [49]. 

3.5.7 Social Interface Patterns 

Social Interface Patterns are common interface design solutions targeting the interaction between 

users and content of a given community [43] and taking into account that engagement, collaboration 

and interaction are to be privileged as in the Connexions case[18], a particular LOR should employ 

successful solutions towards maintaining and increasing both their capital of users and LOs. Silva, 

who is directly involved with the BOA project, in [42], suggest the implementation of 6 social inter face 

patterns, formally described in [43] and presented as follows: 

The Displaying Pattern in the context of LOR addresses the visibility and discoverability of a LO out-

side the original web page describing it, therefore providing a portion of content to be exhibited as a 

pre-visualization. 

The Send/Share Widget Pattern advocates the creation of an embeddable minimalistic button that 

when deployed on a webpage describing a LO and selected by the user presents a set of options for 

sharing that particular LO in a third-party website(e.g. www.facebook.com) thus increasing LO visibil-

ity. 

The Embedding Pattern takes into account that a user might want a particular freely available learn-

ing object to be fully shown in a third-party website, blog, etc. In practice it is the providence of a por-

tion of markup code that when deployed on a webpage allows any web browser to interpret its mean-

ing and present the LO referenced in the markup. 

The Send/Receive Invitations Pattern addresses community growth leveraged by the acquaintances 

of a particular user already acknowledged in the LOR community. A formal yet personally tailored invi-

tation should be sent (by email for example) automatically presenting the LOR, its benefits and cou-

pled with a link directed at the site. 

The Profile Pattern, although already present in BOAv2, can be upgraded by providing in the profile 

page of a user, additional information that might be pertinent to other visiting members, such as 

knowledge/educational level, topics of interest, etc. The intent is to show a more personalized and 

meaningful presentation to the community. 

The Personal Dashboard Pattern addresses the chosen set of functionalities, community updates, 

relevant events and friend subscriptions that the user must have quick and easy access as it is ex-

pected that the personal dashboard is object of repeated usage by its owner.  
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An evaluation framework for LORs has been presented in this chapter along with a survey of applica-

ble community features that promote user engagement or provide additional LO utility. The following 

chapters elaborate on this framework with its application on several LORs.  



  50  

 

 

  



  51  

 

4. Solution and Implementation 

This chapter introduces and describes the adopted solution and subsequent implementation for the 

BOAv3 platform. The solution was obtained from the application of the LOR evaluation framework of 

chapter 3 with respect to BOAv2 thus revealing its shortcomings and allowing new framework values 

to be projected for BOAv3. A visual depiction of the evaluation framework applied to both versions of 

BOA can be conferred in Table 3 as follows: 

 BOAv2 BOAv3 

G
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P
ro
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rt
ie

s
 

Intended Audience 
K12(VemAprender), Higher 

Education(BOA-GPI) 
Unrestricted 

Subject Domain 

Unrestricted(VemAprender), 

Project Management (BOA-

GPI) 

Unrestricted 

Peer-Reviewing Present Present(Improved) 

Federation Not Present Not Present 

Intellectual Property Right Creative Commons Creative Commons 

M
e

ta
d

a
ta

 Standard Dublin Core 

Dublin Core (plus location 

property of IEEE LOM if 

applicable) 

Encoding XML XML, RDF 

Generation Approach 
Manual and Automatic (some 

fields) 

Manual and Automatic 

(some fields) 

Quality Control Not Present Present 

S
to

ra
g

e
 

Type Relational DB, File Storage 
Triplestore, Relational DB, 

Lucene Index, File Storage 

Locality Content hosted locally Hybrid 

S
e
a

rc
h

 F
a
c
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i-
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e

s
 

Simple Present Present 

Advanced Present Present 

Browsing Not Present Present 

Personalized Search Not Present Present 

Federated Not Present Present 

SPARQL Queries Not Present Present 

S
o

c
ia

l 
F

e
a
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s
 

Virtual Collections Present(Limited) Present(Improved) 

Sub-Community Management Present Present(Improved) 

Intra-Site Messaging Not Present Present 

RSS Present(Limited) Present(Improved) 

Tagging Not Present Present 

Reputation System Present(Credit System) Present(Improved) 

S
o

c
ia

l 
In

te
r-

fa
ce

 P
a

tt
e

rn
s
 Displaying Not Present Present 

Send/Share Widget Not Present Present 

Embedding Not Present Present 

Send/Receive Invitations Not Present Present 

Profile Present(Limited) Present(Improved) 

Personal Dashboard Present(Limited) Present(Improved) 

Table 3: LOR Evaluation Framework applied to BOAv2 and BOAv3 

The transition from the former to the latter version of BOA is discussed in the following sections whilst 

addressing each of the framework’s dimensions, further elaborating on the decisions, trade-offs and 

contingencies involved in the development process. It is important to note that the first section of this 
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chapter addresses the system’s architecture and should not be mistaken for the LOR framework di-

mensions which are subsequently presented. 

4.1 System Architecture 

Before the solution in terms of the LOR evaluation framework is described, it is important to comple-

ment it with an architectural system view where the various components, interfaces and possible ex-

ternal interactions are detailed. As can be seen in figure 5, BOAv3 has an architecture consisting of 3 

layers. The Presentation layer, which is exposed for user interaction purposes, can receive client re-

quests optionally filled with form data that is then forwarded to the business layer for logic processing 

purposes. Responses can then be retrieved and interpreted by client browsers in order to present the 

application’s UI. The business layer contains the bulk of BOAv3’s functionalities which can be visually 

conferred in the Personalization, Search, RSS, Metadata Quality, Reputation and Business Logic 

modules discriminated in blue. These modules are leveraged by the web solution stack provided by 

Microsoft, meaning that the developed functionalities rely on the ASP.Net Web Application Framework 

whereas the applications itself is hosted on an IIS (Internet Information Services) web server. For rapid 

development cycles, it was decided not to develop security, user administration and content manage-

ment modules from scratch in the application and instead take advantage of the commercially free and 

open source DotNetNuke (DNN) Content Management system (CMS) for the same effect therefore 

bypassing the cumbersome task of implementing what was already provided by this web application 

framework which is also conveniently built over ASP.Net. The decision for the adoption of DNN mainly 

stems from its extensibility by resorting to APIs among other CMS features which were identified and 

analyzed in cmsmatrix
53

, a web-site which compares CMSs along various evaluation dimensions. This 

option also perpetuated the recent history of the BOA project which was also based on Microsoft’s 

web solution stack and on a CMS. BOAv3’s data layer includes the possible options manifested in the 

LOR evaluation framework’s storage type dimension namely a relational database (SQL Server), a 

Lucene index, file storage and a triplestore which is wrapped by the Openlink Virtuoso Web-server 

which was chosen due to the “out-of-the-box” providence of a SPARQL endpoint implementation di-

rectly over the triplestore. Data access from the Business layer to the relational database, Lucene 

index and triplestore are controlled by thin access layers provided respectively by DNN’s DAL classes, 

the Lucene.net software library
54

 and the dotNetRDF software library
55

. Figure 5 also depicts in each 

of its blue ovals, web endpoints that can be exploited by external clients to either retrieve data or exe-

cute a service method inside the application. Specifically, BOAv3’s SPARQL endpoint can be poten-

tially used by other LORs or eLearning applications to obtain LO metadata records in various encod-

ings or formats like XML, JSON, etc. In the same manner and illustrated with a dashed arrow, BOAv3 

implements its federated search service by forwarding HTTP requests with SPARQL queries in its 

payload against ARIADNE’s SPARQL endpoint hence complementing its own search results with LO 

URL references from this LOR. RSS feeds can be obtained from the appropriate links made available 

                                                           
53 http://www.cmsmatrix.org/matrix/cms-matrix/dnn-platform-formerly-dotnetnuke-community-edition- 
54 https://lucenenet.apache.org/ 
55 https://bitbucket.org/dotnetrdf 
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on the website’s UI, while its syndication by RSS aggregators are specifically handled by BOAv3’s 

dedicated RSS handler. A Web API was also deployed whose purpose, with the appropriately config-

ured server calls on a series of endpoints, is to asynchronously perform some business logic related 

services, occasionally obtain data to improve the responsiveness of the client’s UI (e.g. asynchronous-

ly retrieve auto-complete values for the UI’s input textboxes) or to implement the displaying social in-

terface pattern, i.e. asynchronously obtain HTML code to be exhibited on an external website as a UI 

overlay. 

 

Figure 5: BOAv3’s system architecture 

4.2 General Properties 

BOAv3 has an improved peer-reviewing mechanism with rates and textual remarks which is also 

made available to any platform user hence the contrast with BOAv2. Restrictions were also lifted for 

the required educational background and subject domain previously deemed to be necessary in order 

for a user to participate in the repository. 
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4.2.1 Intended Audience 

BOAv3 can withstand any profile of users who want to leverage their educational activities with the 

platform’s technology in contrast with BOAv2’s deployed instances, BOA-GPI and VemAprender that 

assume their target audiences are K12 and higher education students respectively. Moreover, with 

spontaneous group creation (see Sub-Community Management 4.6.2 sub-section), BOAv3 delegates 

to the users themselves the management of who has access to a particular group therefore letting the 

community establish in their groups who their target audience is. 

4.2.2 Subject Domain 

BOA-GPI restricted the subject domain of its educational materials to pertain to the project manage-

ment field of expertise. Considering group management is now delegated to community users and 

because LOs can be associated with groups, it is up to each group’s administrators to inherently de-

termine its subject domain by the subjects of educational resources coupled to the group. From an 

overall repository-wide perspective, the standardized Universal Decimal Classification system was 

adopted for metadata annotation purposes due to its hierarchical coverage of all fields of knowledge 

and symbiosis with the Dublin Core metadata scheme. This symbiosis stems from the fact that the set 

of knowledge domains from the classification system can be effectively used as a vocabulary of values 

for DC’s subject metadata property. 

4.2.3 Federation 

A federation such as the GLOBE consortium guarantees the interoperability of repositories by the 

agreement and establishment of technologies to share LO metadata records (e.g. OAI-PMH) and fed-

erate searches among its component LORs (SQI). The same effect can be achieved with a SPARQL 

endpoint where LO metadata records can be, not only fully obtained and shared, but also queried and 

results retrieved over HTTP. In fact, ARIADNE (part of the GLOBE consortium) recently shifted to-

wards this semantic web aligned technology with an endpoint which exposes its educational resources 

for client applications to consume at their leisure (e.g. BOAv3’s federated search service relays 

searches towards ARIADNE’s SPARQL endpoint as explained in the Search Facilities 4.5 section). 

Although BOAv3 is not officially in a partnership with the GLOBE consortium, providences have been 

made so that, in practice, its LOs can be queried and metadata records copied over the web with its 

very own SPARQL endpoint. Onwards, BOAv3 can expect increased visibility and discoverability of its 

educational materials simultaneously being ready and open to integrate itself in partnerships with oth-

er educational platforms as the technology to do so is deployed. 

4.2.4 Intellectual Property Rights 

Circumventing the possibility that educational materials may not be reused due to restrictive Intellec-

tual Property policies is the rationale behind the decision to make BOAv3’s LOs coupled with a Crea-

tive Commons attribution license and inherently abide to its terms and conditions. In fact, this deci-
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sion’s repercussions imply that the community, in order to take full advantage of BOAv3’s capabilities, 

has to have the mindset of altruistically publishing learning resources free of charge with the legitimate 

expectation that whenever they are reused, copied, redistributed, etc, attribution rights are legally 

safeguarded. This represents a repository-wide behavioral shift that makes it aligned with the open-

ness regarding user contributions present in OpenCourseWare (OCW) and Massive Open Online 

Course (MOOC) initiatives. In practice, within the scope of the BOAv3 web application, whenever a 

community member submits a new LO he is prompted to accept the terms and conditions of the Crea-

tive Commons’ attribution license whereas, after the submission process, the LO page discriminates in 

a portion of its interface’s markup, an image link referencing a webpage with a formal description of 

the license itself. 

 

Figure 6: A Creative Commons attribution license shown as an image link in the LO’s page 

4.2.5 Peer-Reviewing 

The peer reviewing capabilities of BOAv3 have been extended for a wider audience in the sense that 

a formal reviewing process can now have any user in the platform as a protagonist, in contrast with 

the previous version where only community members with the reviewer role could iteratively write a 

review with textual feedback whereas regular users were limited to a 5 star rating mechanism. The 

present reviewing process comprises not only the maintenance of the previous 5 star overall LO quali-

ty rating interface but also 3 evaluation dimensions (content quality, potential effectiveness and ease 

of use) which were inspired by MERLOT’s approach to this matter. The current version sought insp ira-

tion in booking.com’s
56

 review style by incorporating textual feedback along the review itself, further 

discriminating whether they are positive or negative comments with the providence of 2 properly con-

figured textboxes for that effect. As LOs are mutable content-wise, reviews can be edited through time 
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whenever a user detects change in its reviewed LOs. Considering MERLOT’s reported experience, 

peer reviewing is a manual, time consuming activity and only about 10% of a repository’s LOs are ex-

pected to be evaluated. As such, review scores, an important community wide indicator of the intrinsic 

value of a LO as educational content, can be positively integrated with other BOAv3 functionalities as 

is the case of personalized search, where the Manual Rank metric (see section 2.3) inflates the rank 

of search results considering how highly a LO was evaluated. Another instance where peer reviewing 

is successfully repurposed in BOAv3 towards the benefit of other repository facilities is when a boost 

to a user’s reputation is performed due to the fact that the LOs it has submitted to the platform have 

received high evaluation scores(see Reputation System sub-section 4.6.6 further on). 

4.3 Metadata 

BOAv3 fundamentally differs from its previous version in terms of metadata due to the implementation 

of an automatic metadata quality control. Honorable mentions should also be noted for the capability 

of exporting metadata records in the RDF format and the support for external (to the BOA domain) LO 

content to be referenced via the IEEE LOM locality property in metadata. 

4.3.1 Metadata Standard 

At development time the BOA system had a limited number of contributors and, as such, one should 

not inhibit those same contributors and other newcomers with an overwhelming cataloguing effort  

when adding Learning Objects to the repository. In this manner, the previously chosen Dublin Core 

(DC) metadata standard was maintained despite having the option to commit to a more expressive 

standard like IEEE LOM. For an upcoming LOR it is therefore a wiser choice to keep the simplistic and 

general purpose nature of the DC standard considering the expressivity versus cataloguing effort 

trade-off. Furthermore, DC proved itself to correlate well with both the maintenance and exposure of 

LO metadata with the deployed triplestore and the SPARQL endpoint respectively, since BOAv3 can 

be queried over the web to subsequently retrieve DC compliant RDF encodings of its stored educa-

tional resources. In practice, because each of the properties in the Dublin Core standard has a unique 

URI in either the http://purl.org/dc/terms/” or “http://purl.org/dc/elements/1.1/” namespaces
57

, it was 

made possible to specify in the triplestore that, for instance, a sample LO (identified by URI 

“http://www.boa.me/21” i.e. a stored triple’s subject) was created with the language (identified by URI 

“http://purl.org/dc/elements/1.1/language” i.e. a stored triple’s predicate) value of Portuguese (value 

“por” following the ISO639-2 language standard with the URI “http://purl.org/dc/terms/ISO639-2”, i.e. a 

stored triple’s object). It should be noticed in the previous example that when attributing the language 

object value “por”, the ISO639-2 standard was followed which specifies codename values for lan-

guages. In turn, BOAv3 adopted not only ISO639-2 for the language DC metadata field for a LO but 

also the Universal Decimal Classification
58

 for the DC subject, the W3C-DTF for date and time, the 

ISO_3166-2 for DC spatial coverage (meaning countries and its respective subdivisions) and the In-

                                                           
57  http://dublincore.org/documents/dcmi-terms/ 
58  http://www.udcc.org/ 

http://purl.org/dc/terms/”%20or
http://purl.org/dc/elements/1.1/description
http://www.boa.me/21
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ternet Media Type
59

 for the DC format. The usage of these standards adheres to a vocabulary encod-

ing scheme delimiting the possible values in the metadata field they are appropriate to use thus follow-

ing recommended practices in expressing DC metadata according to the Dublin Core Metadata Initia-

tive
60

. Since the vocabularies associated with each of the standards have a discrete amount of values, 

it also facilitated the implementation of BOAv3’s browsing mechanisms where a user can select the 

desired value from a vocabulary and a list of complying LOs is presented. Table 4 shows the stand-

ards that were adopted in order to provide vocabulary values for the appropriate DC properties. 

Dublin Core Property Adopted Standard 

language ISO639-2 

subject Universal Decimal Classification 

date and time W3C-DTF 

spatial coverage ISO_3166-2 

format Internet Media Type 

Table 4: Adopted standards for a few selected Dublin Core properties in BOAv3 

 The adoption of the Dublin Core standard in BOAv3 considers not only the 15 properties of the origi-

nal DC element set in the “http://purl.org/dc/elements/1.1/” namespace but also the refinements of 

some of these elements in the “http://purl.org/dc/terms/” namespace. The goal is for the end user to 

detail, whenever it is a possibility, the semantics of a particular field when submitting a Learning Ob-

ject. As a concrete example, the DC description field can be further refined as an abstract or table of 

contents with their respective properties in the “http://purl.org/dc/terms/” namespace thus a user can 

specify these properties for their LOs if they wish to discriminate them as so. A full list of DC properties 

and refinements can be verified in “http://dublincore.org/documents/dcmi-terms/”. When appropriate, a 

LO in BOAv3 referencing an external resource (i.e. exhibiting a referatory behavior) has its metadata 

record exceptionally describing the URL of the resource by means of the “location” property in the 

IEEE LOM standard’s namespace
61

. In this document, due to the fact that this single LOM location 

field is only necessary when a LO’s content isn’t hosted in the BOA application itself (see Locality), it 

shall not be considered that BOAv3 adopted an application profile just because of the occasional reli-

ance on the location field. 

 

 

                                                           
59  http://www.iana.org/assignments/media-types/media-types.xhtml 
60  http://dublincore.org/documents/2002/10/06/current-schemes/ 
61  http://ltsc.ieee.org/rdf/lomv1p0/lom# 
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http://purl.org/dc/terms/isReferencedBy
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4.3.2 Metadata Encoding 

BOAv2 only supported XML encodings of their metadata records that can be downloaded from a spe-

cific webpage describing a Learning Object. To future proof the usage of the metadata records by cli-

ent applications (e.g. other LORs), the RDF format was adopted further enhancing the LO metadata 

encoding possibilities of BOAv3. Reminding section 2.2 where RDF was discussed, offering a 

SPARQL endpoint for metadata querying has the potential to increase the probability of BOAv3’s 

metadata records, and consequently its LOs, to be discovered with respect to the Semantic Web par-

adigm where data is shared among applications in a machine friendly format. Moreover, according to 

the linked data principle it may also be possible for external RDF resources to link to BOAv3’s metada-

ta records which are uniquely identified through its URI. 

4.3.3 Metadata Generation Approach 

BOAv3, when compared with its predecessor, maintained the recognition of the content file’s MIME 

type and the automatic attribution of a URI to each of its LOs automatically filling in the DC’s format 

and identifier fields. Although the DC’s publisher (i.e. meaning BOA) and rights fields (i.e. Dublin Core 

license) can also be easily completed by the system letting the user bypass the manual annotation of 

these fields when a LO is submitted, the title and description fields are not an easy challenge to tackle 

for automatic metadata generation. In fact, as explained in section 3.2.3, automatic metadata genera-

tion using the extraction approach is highly dependent in the development of Software libraries and 

tools regarding natural language processing. It was decided to not apply, for example, summarization 

techniques to extrapolate DC’s textual fields (e.g. title and description) based on a LO’s content file 

text because language and file format subtleties may apply in individual LOs while BOAv3’s search 

facilities could be consequently afflicted with poor automatic generation results. Furthermore, despite 

the promising results with ARIADNE’s Simple Automatic Metadata Generation Interface (SAmgI) in 

[60], it would be a big commitment for the BOA project to solely rely in a framework in which it has no 

control and is not fine tuned to the requirements of the BOA community. Metadata harvesting other 

repositories was also not a reasonable possibility because it would be necessary to copy a huge 

amount of metadata records from other repositories into BOAv3’s storage system as maintenance and 

synchronization problems between repositories would surface. One could then imagine the complex 

problem of locally managing the ever changing versions of all the metadata records of a set of LORs. 

The adopted solution for BOAv3 consists in the manual annotation of educational resources, comple-

mented with guidance and suggestions from an Automatic Metadata Quality Control mechanism (see 

Metadata Quality Control’s 4.3.4 sub-section). Despite the low scalability disadvantage and the con-

sequent enforcement and reliance on the good will, altruism and labor of community members to label 

their own submitted resources, it is expected that search mechanisms for the BOA users overall will 

not be compromised with poorly submitted metadata records as mentioned in [8, 32]. Furthermore and 

in order to prevent the degradation of these search services a visualization about the quality of indi-

vidual metadata records is provided in the LO Page for users that have permissions to edit metadata 

fields of a particular resource. 
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4.3.4 Metadata Quality Control 

The assumption that community users are not expert cataloguers of digital educational resources mo-

tivated the development of all the automatic metadata quality metrics of section 2.5 whereas its appli-

cation for all LOs is done on a 24 hour basis thus coping with the fact that metadata records may be 

created or changed through time. It should be noted the decisive contribution yielded by BOAv3’s 

Lucene index in the upbringing of its metadata quality control facility due to the dependence of the 

Qacc, Qinfo, Qcoh and Qread formulas on the frequency of words in metadata records’ fields (TF and 

IDF calculation). With the score of all metrics for all LOs in the repository calculated and at hand, an 

opportunity surfaces to educate the community members on how to improve their cataloguing efforts 

with a LO specific webpage configured with indicators to show these scores. The visualization of these 

indicators (see figure 7) makes users’ LO metadata annotation performance per metric intelligible 

whilst hovering any of them displays suggestions on how to improve their scores. Ultimately, if users 

follow the offered guidance, LOs can be made more easily discoverable from search mechanisms 

(even those external to BOAv3) with the enhancement of values present in their respective metadata 

record. 

 

Figure 7: Indicators showing along with a suggestion how well a user catalogued an example LO 

4.4 Storage 

BOAv3’s users are no longer obliged to host their LO’s content in the platform thus having the possibil-

ity to reference already existing web content in metadata records. Storage capabilities were augment-

ed as the deployment of a Lucene index brought forth new opportunities for search mechanisms while 

the triplestore can now index metadata records’ values and expose them along with a SPARQL end-

point. 

4.4.1 Locality 

Facing the LO scarcity problem, a hybrid approach was adopted by BOAv3 with respect to its locality 

framework dimension as LOs can be submitted to the platform by letting the users first fill in a form for 

metadata generation purposes and subsequently give them the opportunity to choose whether they 

wish to associate the newly created metadata record to either a content file hosted in the repository 
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itself or reference an external web resource by means of its URL. By not inhibiting the referatory be-

havior (which was absent in the previous version), the platform, and thus the community, can benefit 

from the vast amount of potentially useful educational materials scattered in the web when these are 

formally catalogued and indexed in BOAv3 with Dublin Core, further enriching its capital of learning 

resources. It should be taken into account the implications of this hybrid approach because whenever 

a file is hosted in the platform, digital rights issues regarding the authoring of the content surface in 

BOAv3 hence its policy to suggest the publishing of learning materials under the terms of a Creative 

Commons attribution license. On the other hand, for all LOs which reference an external web resource 

as its educational content, the application is configured so that when community members wish to 

access the LO content hosted elsewhere, they are warned of the fact that they are about to be redi-

rected outside of the scope of the BOA application domain. It should be also mentioned that digital 

and intellectual property rights remain with the entities hosting the referenced exterior content effec-

tively evading BOAv3 of responsibilities in that aspect when it behaves as a referatory. 

4.4.2 Type of Storage 

BOAv2’s reliance on a relational DB for metadata indexing and searching purposes limited the realm 

of possibilities to improve other framework dimensions whereas transitioning towards the latest version 

meant that advantages stemming from the deployment of both a triplestore and a Lucene index con-

tributed towards a series of features benefitting not only the community but also external web applica-

tions if needed. These enabled advantages are described along the solution for each of the frame-

works’ dimensions in this chapter. It is explained, in the following paragraphs, how BOAv3’s domain 

entities, particularly its metadata fields, were mapped into all of its 3 types of storage facilities.  

A triplestore’s raw storage unit is a triple consisting of a subject, a predicate and an object and, in 

BOAv3’s case, subjects correspond to each of its LOs unique identifier (i.e. its URI) and predicates 

map each of Dublin Core’s properties in the “http://purl.org/dc/terms/” namespace into the objects 

whose respective value is directly determined by the range of possibilities with respect to the DC 

property at hand thus following the recommendations of the Dublin Core metadata initiative. Figure 8 

depicts a raw set of triples concerning a LO identified by the fabricated URI “<http://www.boa.me/18>” 

obtained through a submitted SPARQL query directed at BOAv3’s SPARQL endpoint. For intelligibility 

reasons, the query results are shown as an HTML table whose first column is the subject, the second 

the predicate and the third the object of a set of triples represented by each of the table’s rows. Triples 

corresponding to LO metadata can also be obtained by properly configured applications with this or 

other SPARQL queries in other machine friendly formats like XML or RDF which, in turn, and if done 

systematically in a recurrent fashion would be symptomatic of how a partnership with BOAv3 would 

operate with the sharing of metadata records. 

http://purl.org/dc/terms/
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Figure 8: A LO’s raw triples retrieved from BOAv3’s triplestore through the SPARQL endpoint 

Lucene stores data in its own notion of a “document” containing textual values for a number of fields 

which are made convenient in the context of BOAv3 by coupling them with each of Dublin Core’s 

metadata properties. In this manner, whenever a user manually catalogs a LO, the provided metadata 

text is indexed in a Lucene document with the additional capability of automatically indexing, in an 

additional field, the entirety of an educational material’s text not only if a user decided that BOAv3 

should host the content of the file, but also if the latter is in a format where text extraction is possible 

(i.e. pdf files, slide presentations, etc). Besides indexing, Lucene facilitates all of the above detailed 

BOAv3 search mechanisms and metadata quality evaluation metrics with its text processing assets. 

BOAv3 still depends on its relational DB to represent its domain entities into tables whose columns 

and rows contain data on, for example, users, virtual collections, LOs, groups, etc along with a series 

of associations between tables that equate to its domain logic. Moreover, the Relational Database 

Management System takes advantage of the SQL query language to implement procedures targeting 

its data model synergizing particularly well with the developed Reputation System where, on a 24 hour 

basis, a score is attributed to some of BOAv3’s domain entities(namely Groups, Virtual Collections, 

LOs and Users), in order to ascertain how popular they are through time, based on automatically col-

lected, indexed and time-stamped user actions in the application (see “Reputation System” in this 

chapter’s section 4.6.6). 

4.5 Search Facilities 

BOAv3 supports the entirety of the search options presented in the LOR evaluation framework of 

chapter 3, namely the simple search, advanced search, browsing, federated search and SPARQL 

queries. Each of these options is scrutinized in terms of its implementation in the following paragraphs. 

4.5.1 Simple Search 

BOAv3’s simple search mechanism follows the recurrent LOR approach of providing a single textbox 

in order for the user to fill in the search query that is aligned with his expectations regarding the re-

trieval of LO results. Being a light-weight facility, the user is not required much cognitive effort besides 
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the completion of the textbox in order to produce a query whose matching criterion is how well the 

provided words match the Dublin Core’s title, description and subject metadata fields. Moreover, be-

cause a LO’s textual content is stored in its Lucene document counterpart, query matching is also 

made against the words extracted from an educational resource’s text itself (only applicable when a 

LO’s content is a pdf file, ppt file, etc). Whenever a full or partial match occurs, the user is given the 

possibility to verify the excerpts of text in which his query was found, along with the information re-

garding which DC field or text content the match was obtained from.  

 

Figure 9: Simple Search results with query matches shown for the DC description field 

4.5.2 Advanced Search 

With the Advanced Search feature, a BOA user can individually discriminate which metadata fields he 

wants his query to be matched against. With this in mind, the interface is displayed so that for each 

DC metadata field a user control is configured to allow community members to provide the values that 

conjointly represent his query. When the query is submitted, the occurrence of user provided values 

for each of the DC fields are taken disjointly, meaning that if a value is not found in a particular stored 

LO’s fields it does not inhibit that same LO from appearing in the search results if a match is made 

against another field with another value taken from the user’s query. BOAv3 is committed to maintain 

DC metadata records following the recommendations of the DCMI
62

 and, as such, standards were 

adopted hence limiting the amount of possible values for some metadata fields in this search facility. 

Considering, for example, the DC subject field, the community member would specify in the interface 

which knowledge domain he wants his LO search results to conform to from the vocabulary of possi-

ble values of the Universal Decimal Classification, facilitating the composition of advanced search 

queries. Likewise, in the advanced search interface the spatial coverage, language, format and time 

                                                           
62 http://dublincore.org/ 
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DC fields have coupled vocabularies with respect to the ISO_3166-2, ISO639-2, W3C-DTF and IMT 

standards respectively.  

 

Figure 10: The Advanced Search interface with Dublin Core’s and content input fields 

4.5.3 Browsing 

Browsing modalities are offered to BOAv3’s users in the form of tag cloud visualizations for DC’s sub-

ject, format, audience and spatial coverage fields with an additional tag cloud for community member 

provided keywords. Regardless of the tag cloud at hand, labels are sorted in a descending order im-

plying that the most popularly used labels with respect to subject, format, etc repository-wide are pre-

sented first whilst its appearance size-wise is amplified by the recurrence of label usage which is also 

shown alongside the label as a number. Tag clouds associated with DC’s fields are facilitated by the 

metadata standard choice for BOAv3, moreover when the taxonomic nature of vocabularies limits the 

amount of possible values, whereas the keyword tag cloud is leveraged by the choice given to the 

users to freely annotate or tag the submitted LOs with words that, according to their own understand-

ing, describe the educational resource at hand (more on Tagging further on) in a folksonomy, socially 

oriented fashion. The implementation of all the browsing visualizations was taken as an opportunity as 

well to expose RSS links alongside each tag cloud item so interested parties can receive updates 

about recently submitted or changed LOs (more on RSS further on). 
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Figure 11: An example tag cloud implementation for browsing purposes 

4.5.4 Personalized Search 

The capture of contextual attention metadata in the application became a reality in BOAv3 thus ena-

bling the personalization enhancement of the simple and advanced search mechanisms as both are 

currently tailored to the current task and educational preferences of the active community member. In 

this manner, LOs in search results are ordered according to a score extrapolated from an individual 

user’s past actions within the platform, hence making retrieved resources which are expected to be of 

his higher interest stand prominently presented in the first few positions. In practice, when a communi-

ty member performs a search, the BOA system relies in the background on Lucene’s search engine to 

implement how well the query matches the previously stored LOs’ field values which in turn represents 

a base score for the algorithmic relevance of retrieved documents (see section 2.3). Following the 

return of the original set of searched LOs, along with their respective base algorithmic relevance 

score, a custom score is further composed in a linear combination of all the personalization metrics 

presented in section 2.3 consequently complying to the topical, personal and situational relevancies. 

The final outcome from an end user’s point of view is a personalized offer of BOAv3’s simple and ad-

vanced search facilities where guidance is automatically given by the ranking of LOs in search results 

attuned to the implicitly captured educational preferences of the individual user through time. Moreo-

ver, BOAv3 supports the assembly of a virtual collection by allowing users to search for LOs in the 

context of the task at hand with 3 additional collection dependant metrics (Basic Situational, Course 

Similarity Topical and Context Similarity Situational), all of which positively influence the final ranking 

score of retrieved results while offering additional personalization. 
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4.5.5 Federated Search 

In order to tackle the LO “scarcity problem” typical of isolated repositories [11], BOAv3 implements a 

federated search service by exploiting ARIADNE’s semantic web endpoint which given a SPARQL 

query, targeting its triplestore, returns results corresponding to LOs within the scope of the GLOBE 

federation. For simplicity’s sake and because ARIADNE adopts the more expressive IEEE LOM 

metadata standard to describe educational resources when compared to DC, the interface for this 

federated search service consists in a single textbox where community members write a set of words 

which are expected to bring them relevant results. Behind the scenes, the BOAv3 system composes a 

SPARQL query aiming to match this set of words with either the dcterms namespace “title” property or 

IEEE LOM “keywords” property. The decision to target these 2 fields stems from the inspection of 

ARIADNE’s triplestore dump of triples where it is seemingly easier to find and match resources with 

these two fields. Moreover, ARIADNE suggests
63

 how to retrieve pertinent LOs while resorting to this 

couple of properties. The federated SPARQL query itself is configured to make it intelligible for 

BOAv3’s end-users to reach the LOs they deem to be relevant by including not only the title and key-

words in retrieved search results but, more importantly, the location or link of the LO itself given by the 

IEEE LOM’s field “location” due to ARIADNE’s referatory behavior.  

4.5.6 SPARQL Queries 

Much like ARIADNE and dbpedia, BOAv3 also makes available an endpoint which is symptomatic of 

the positive impact of storing metadata records as triples in the triplestore thus making them queryable 

with SPARQL alongside the ability to export those same records as RDF if desired. Although not di-

rectly targeted towards BOAv3’s web application users but rather to external client applications or web 

crawlers, this search modality can leverage other eLearning platforms’ search mechanisms while sim-

ultaneously exposing, with increased discoverability, BOAv3’s educational resources to other commu-

nities in the same manner that is described in the above paragraph with BOAv3 federated search’s 

reliance on ARIADNE’s SPARQL endpoint. Furthermore, other LORs can eventually link metadata 

properties of their own educational resources towards BOAv3’s LOs as all of latter are uniquely identi-

fied by its respective URI in close resemblance to dbpedia’s approach to its described and 

referenceable entities. Because BOAv3 made provisions for its LOs to be linked across the web 

through their URIs thus following the Linked Data approach, this search mechanism could reveal itself 

to be an important asset for this platform’s future as learning materials are no longer exclusively ob-

tained by humans through the web application’s interface but can also be automatically processed by 

machines as proclaimed by Tim Berners-Lee’s Web 3.0 philosophy. 

                                                           
63  http://ariadne.grnet.gr/ariadne_sparql.html 
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Figure 12: The frontend interface of BOAv3’s SPARQL endpoint with a BOA related query  

4.6 Social Features 

BOAv3 was revamped concerning its social features since improvements are noticeable for groups 

(i.e. sub-communities), virtual collections, RSS offerings and, in particular, a complete overhaul of its 

reputation system. Community member collaboration can now be relied on intra-site messaging and 

tagging LOs with user provided keywords can now be accomplished. All social interface patterns were 

either implemented or enhanced. 

4.6.1 Virtual Collections 

BOAv3 allows its community members to create collections from the pool of available LOs in the re-

pository which can then be converted if so desired into a higher granularity LO making it discoverable 

and downloadable (as a .zip file) just like any other educational material in the application. If a particu-

lar user feels that the curation of a collection requires collaboration encompassing more than his own 

effort he can designate other users to aid him in a series of virtual collection related actions configured 

by the following set of permissions: - “View”, “Edit VC Information”, “Edit Image”, “Add/Remove LOs”, 

“Edit Permissions”, “Download”, “Share”, “Convert”. Searching Learning Objects with the explicit intent 

for them to be added to a collection is personalized with the Basic Situational, Course Similarity Topi-

cal and Context Similarity Situational metrics (see section 2.3) which contribute to the final ordering of 

search results by basically taking into account which LOs are already added or pertain to similar col-

lections compared to the one being composed. A virtual collection itself can be scrutinized by the 
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community with reviews or have its targeted user actions either conferred in the web application ’s VC 

activity page or syndicated with RSS as every collection in the system is subject to reputation. 

4.6.2 Sub-community Management 

At the very foundation of sub-community creation is the group domain entity which can aggregate 

LOs, VCs and community users while its management is controlled by a set of permissions that can be 

configured in a granulate fashion by the exclusive set of group administrators i.e. the group users who 

have the right to edit a particular group’s permissions. Figure 13 shows that the available group per-

missions are “View Group”, “Edit Group Info”, “Propose LOs”, “Add LOs”, “Remove LOs”, “Propose 

Member”, “Add Member”, ”Remove Member”, ”Propose VC”, ”Add VC”, ”Remove VC”, ”Edit Group 

Image” and “Edit Group Permissions”, each controlling a group associated action to which their re-

spective permission name relates to. LOs, VCs and users can be proposed to be associated with the 

group by its members with the appropriate propose permission leaving the subsequent acceptance 

decision to other members who have the “Add LOs/VCs/Member” permission through a notification 

sent to the message center as shown in figure 14 where the “accept” and “reject” options are availa-

ble. It should be mentioned that groups start off with the “Add Members” permission locked in order to 

avoid abusive behavior to be carried out by pernicious group creators who could systematically add 

users to their groups without prior notice or acceptance by the added members. This permission can 

be however unlocked for special cases with a “request privileged group” functionality making it a 

BOAv3 administrator’s decision to allow a particular group to a have a special behavior in this regard. 

Admission to a group can not only be triggered by internal group members with the Add or Propose 

Member permissions but also by common community members who seek to integrate a group that he 

or she has interest in. To support this scenario a user has at its disposal the search group mechanism 

which presents group search results matching his provided textual keywords against the group’s name 

or description. Search results are configured with the option to let a user request the acceptance with-

in his desired group which is once again target of scrutiny by the group members who have permis-

sion to add users via a notification. Groups can be made further exclusive if, upon its creation or per-

mission edition, they are made private, meaning that they are not presented in group search results 

avoiding group administrators to be bothered with admission requests. Because the permissions grid 

of figure 13 may be inherently complex for the regular group administrator, it is not expected to be 

resorted frequently as it aims to fine tune permissions as needed by more knowledgeable advanced 

users. In this manner, group actions such as the addition of users, constitute an abstraction over the 

group’s permissions since its performance automatically configures a set of standard permissions for 

the newly added member which can be further detailed, if necessary, in the permissions grid.  
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Figure 13: An example group‘s permission grid that allows granular edition of permissions 

Each group comes with a coupled journal in its signature page to facilitate inner group communication 

while in the group’s roster grid an action link is provided for each of its members which when clicked 

opens a pop-up for intra-site messaging purposes. Just like LOs, a group’s activity stream can be con-

sumed either from a dedicated activity web page or through RSS. Moreover, groups can be publicized 

outside the scope of the BOA domain in popular social networking sites such as Facebook
64

 or 

LinkedIn
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 (see Send/Share Widget social interface pattern) or by an email coupled with a personal-

ized invitation to join the BOA community (see Invitations social interface pattern). VCs and LOs also 

have the potential to be individually surrounded by a sub-community and targeted for collaboration 

because these domain entities are also subject to permissions. Whenever a VC or LO is submitted to 

the repository their creators can seek help in maintaining or improving these resources. Their respec-

tive permission grid can thus be used in these advanced scenarios to specify permissions for users 

who hopefully can contribute by executing actions such as “Edit LO Metadata”, “Edit LO File” for LOs 

or, on the other hand, “Add/Remove LOs to VC” in the collections case. 

BOAv3’s community can be taken as a whole but is not inhibited to remain static as a single unit. The 

application can be used to partition sub-communities whose learning goal, whatever it may be, is clear 

to those included in them. BOAv2 had two deployments of its application: - VemAprender targeted 

K12 students and educational materials; - and BOA-GPI was used as a support LOR for university 

students and teaching staff for semester long courses associated with the Project Management 

knowledge area in Instituto Superior Técnico. However, with BOAv3, by letting the users themselves 

spontaneously and out of their free will, create the sub-communities which they deem to be interesting 

can be a powerful asset for the repository to attract users, potentially newcomers, that otherwise may 

not have had a place to establish their sub-communities in. 

 

                                                           
64  https://www.facebook.com/ 
65  https://www.linkedin.com/ 
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4.6.3 Intra-site Messaging 

In order to complement the community users’ communication and collaboration needs, it is possible to 

send intra-site text messages just like a user would send an email with the recipients, subject and 

message fields. Recipient retrieval is aided with an auto-complete textbox in the interface while re-

ceived messages can be checked on a message center page for that effect. Besides messaging, this 

message center is complemented with a mechanism that lets a user keep track of notifications that 

concern him and might additionally require his action. For example, if a community member is invited 

to join a group, he is notified through the message center as the application’s skin header visually 

shows whether there are new messages or notifications. If a notification demands further action, like 

an invitation acceptance or refusal, these can be performed through BOAv3’s Web API with a simple 

click on the desired action label as shown in figure 14. 

 

Figure 14: The message center in the notifications tab showing a couple of group invitations. 

4.6.4 RSS 

RSS feeds were made available for a multitude of targets allowing interested parties to syndicate and 

consume the latest updates within BOAv3’s application. Because actions targeting users, virtual col-

lections, groups and LOs are automatically captured by the system for reputation and personalized 

search metric scoring purposes, they can also be retrieved chronologically ordered in a RSS feed 

whose link can be obtained in an activity web page that also makes those actions visually intelligible 

as seen in figure 15. 

The RSS links for the subject, format and spatial coverage targets, all Dublin Core properties, are pa-

rameterized by their respective vocabulary’s values according to the Dublin Core Metadata Initiative’s 

recommendations. In practice, a user would find in the Browse search facility a listing of all possible 

vocabulary values for the 3 above mentioned targets/DC properties displayed in a tagcloud ordered by 
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its respective frequency of usage in metadata records while the RSS link for the feed itself is located 

right next to each tagcloud label as visually depicted in figure 11. A user resorting to these RSS links 

would then be able to be informed in a timely fashion of the latest submitted LOs with respect to the 

selected vocabulary value. In contrast with the previous targets which obey to a fixed taxonomy there-

fore dictating a discrete amount of possible vocabulary values, individuals may also be kept up to date 

with recently added LOs which have been freely labeled with user provided tags according to a folk-

sonomy. In the same manner as before, a user would search for a tag which peaks his interest in the 

tagcloud thus discovering the coupled RSS link. 

4.6.5 Tagging 

BOA’s community can now label LOs with text suited to their own personal understanding of them thus 

enhancing metadata by extending the reach of educational resource descriptions to a point that is not 

easily achieved by solely relying on the rigid taxonomic vocabulary values of DC’s properties. As such, 

a folksonomy of user concepts is allowed to emerge within the application providing an organization of 

LOs based on the frequency of community-wide used keywords which is, in turn, manifested in a so-

cial browsing tagcloud. Moreover, these concepts contribute to the discoverability of niches of LOs 

with the simple and advanced search mechanisms by enabling an additional field for the user provided 

query terms to be matched against. The Lucene index plays a main role in this LO discoverability facet 

of tagging because query terms can be partially or completely matched against the values present in a 

Lucene document’s keyword fields along with the important capability of recognizing the frequency of 

tags which decisively contributes to the elaboration of the social browsing tagcloud. 

4.6.6 Reputation System 

BOAv2 adopted a credit mechanism which, in turn, represented a virtual currency. Users gained cred-

its by positively contributing to the repository either individually or collaboratively and spent it by pur-

chasing LOs whose price, also in credits, varied according to their popularity in a manner which is 

analogous to how stocks are inflated in value in their respective markets. It is doubtful that this mech-

anism stimulated and rewarded user engagement by the fact that the expenditure of credits invalidat-

ed the purpose of quantifying user contributions (and reputation) by their number of credits. Moreover, 

a user by having the obligation of having a certain amount of credits to buy the most popular and 

maybe the highest quality Learning Objects may find the price unreasonable and inhibiting. This fact 

constituted a barrier as it contradicts the Creative Commons licenses coupled to Learning Objects as 

they do not assume that this price restriction exists. Additionally, if BOAv3 were integrated in a Feder-

ation of LORs, this virtual currency would constitute an interoperability problem as it precludes the 

openness of BOAv3 regarding its LOs. Other LORs of the federation would be in an unfair disad-

vantage as their LOs are freely and openly available and BOAv3’s LOs are mistakenly not. One could 

imagine the inconvenient scenario where a user from another LOR community, also associated with 

the federation, found a BOA LO from an outside repository and reached BOAv3’s website only to be 

blocked by a credit mechanism to which he was not previously informed of. BOAv3’s community users 

could also find themselves being negatively discriminated and possibly frustrated when they have to 
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amass a sufficient number of credits to buy the LOs they desire when they can find other learning ma-

terials that may be of their interest elsewhere in a more accessible manner. Given the current open-

ness trend with respect to educational platforms and resources it was a wiser choice to give up the 

virtual currency facet of this credit mechanism. 

In order to circumvent the limitations of the credit mechanism, a different approach towards a reputa-

tion system was adopted following the good practices suggested in [49]. At the very foundation of 

BOAv3’s Reputation System is the capture of users’ actions against a set of 4 established reputable 

targets meaning learning objects, virtual collections, groups and users. Every time an action is per-

formed in the application, they are formally indexed in the relational database clearly identifying the 

subject user, the target entity (LO, VC, Group or User) along with the necessary timestamp and addi-

tional contextual information if applicable (e.g. the capture of a peer review action also considers the 

review scores as context). It should be mentioned that for each recorded action a couple of attention 

metadata records are generated, one for the performing user’s reputation and another for the targeted 

entity which deserved the attention itself in the first place. Interactions that require more time and effort 

to be successfully accomplished are naturally considered to have a higher raw reputation value while 

being expressed in points at the database level. With the captured actions in storage, the web applica-

tion has configured a scheduler that runs the calculation of the final reputation metrics for all 4 targets 

on a 24 hour basis. Regardless of target, the reputation metrics consider a time decay function that 

takes into account the timestamp in an attention metadata record thus deflating the contribution of the 

raw action point value through time so users have a hidden incentive to consistently maintain en-

gagement levels preventing their LOR efforts from stalling. Moreover, the final reputation score stem-

ming from the metrics can be potentially amplified at both the action or formulation level with tempo-

rary boosts which can be rewarded towards users who meet the preconditions for their acquisition. If, 

for example, a user has explored an exceptional amount of LO pages, he earns the explorer action 

level boost which, in practice, results in the application of a multiplicative modifier on the raw action 

value of the “View LO” action when its respective contribution is calculated in the final user reputation 

score. Analogously, if a user is directly responsible for a set of LOs who have averaged a peer-review 

score higher than a predefined amount, he earns the “High LO Reviews” formula level boost which 

temporarily impacts his final reputation score with its respective multiplicative modifier. The previously 

presented concepts can be conferred in the following formulations when the target for reputation is a 

user while the same calculations are applied in the exact same manner for the 3 remaining targets. 
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    if             is not applicable 
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  if 0                       (currentDate,           (      ))   14;

     if 14                       (currentDate,           (      ))   22;

              if 22                       (currentDate,           (      ))   30;
   

    if 300                       (currentDate,           (      ))   330;

              if 330                       (currentDate,           (      ))   360;
     if 360                       (currentDate,           (      ))   390;

                         (currentDate,           (      )) > 390;

  
(43) 

An activity stream of actions for each individual reputable target can be consumed in the web applica-

tion by either navigating to an activity page (see figure 15) or through RSS if an individual resorts to 

their very own choice of RSS aggregators. 
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Figure 15: A LO’s activity page with a RSS link at the top of the page 

The final reputation score feedback is made visually intelligible with gauges in the signature pages of 

the LO, VC and Group targets whereas the logged in user’s reputation is more prominently shown in 

the header of the application’s skin style as shown in the figures 16 and 17 respectively. 

 

Figure 16: A group’s reputation shown underneath its logo by means of a gauge indicator 

 

Figure 17: A user’s reputation shown in the rightmost part of a portion of BOAv3’s header skin 
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4.6.7 Social Interface Patterns 

As an upcoming LOR, BOAv3 demanded the development of the 6 social interface patterns presented 

in chapter 3 making provisions for a future where the platform could reach an abundance of users and 

an increase in LO discoverability [42]. Each social interface pattern shall be presented with their re-

spective solution and implementation details as follows: 

The Displaying Pattern stands out when, in practice, a community user seeks to expose one of 

BOAv3’s LOs in a third-party website by copy-pasting a portion of HTML markup into the source code 

of an external web page. This portion of markup can be found in a LO’s signature page whereas the 

generated HTML overlay pre-visualization, which can be asynchronously obtained through a request 

to BOAv3’s Web API, is depicted in figure 18. 

 

Figure 18: Result of hovering over the “Este LO” HTML link thus showing the Displaying overlay 
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The Send/Share Widget Pattern takes advantage of the massive popularity of social networks web 

sites like Facebook or LinkedIn to provide BOAv3’s community users the capability to share the LOs of 

their liking in these platforms where they can be acknowledged by a wider audience while having the 

BOA brand advertised. For this effect, a widget is deployed in the LO page offering the social network 

choices where the user can share the desired learning material as shown in figure 19. 

 

Figure 19: The Send/Share widget as seen in a LO page for example 

The Embedding Pattern was implemented by re-exposing Google Viewer
66
’s HTML markup which 

allows any ppt, pdf, etc available on the web to be embedded on any website. In BOAv3, this markup 

is configured with the URL of a LO’s content thus allowing it to be fully displayed on a third-party web-

site via its reuse, i.e. by copy-pasting the HTML in the LO’s signature page directly into the source 

code. Internally the same markup is also used in BOAv3’s LO content preview page for the same ef-

fect as shown in figure 20. 

  

 

Figure 20: A preview of a LO’s content by relying on the Embedding pattern 

 

 

                                                           
66  https://docs.google.com/viewer 
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The Send/Receive Invitations Pattern lets the BOAv3 application conveniently serve as an email 

broker for a user wishing to formally invite an acquaintance of his to join the community while taking 

the opportunity to let him know of a LO, VC or Group of potential interest. Figure 21 shows the mail 

interface at the community member’s disposal. 

 

Figure 21: The UI for the Send/Receive Invitations pattern. 

The Profile Pattern has been upgraded when compared to BOAv2’s user presentation page with ad-

ditional details regarding the user at hand. As such, users can freely present themselves with a textual 

biography along with their subjects of interest, country, organization or personal webpage besides the 

mainstream first and last name identification. A user’s reputation and submitted LOs can also be con-

ferred in the profile page giving an overall sense of what they are worth and contributed inside the 

platform. If a visiting user is interested in the target community member’s LOs he can follow him con-

sequently configuring his own personal dashboard to show the corresponding LO updates. The main 

profile characteristics can be conferred in figure 22. 

The Personal Dashboard Pattern follows the rationale to keep the most commonly used LOR func-

tionalities and updates at hand as the web page implementing the interface elements of this pattern is 

the first one where the user is redirected towards immediately after login. From a particular end-user’s 

perspective, the LOs pertaining to his user subscriptions are immediately presented in the center of 

the interface showing the novelties that are of potential interest to him since his last login. Moreover, 

every user can resort to a journal to express his thoughts towards his subscribers while reciprocally 

receiving a textual news feed from his community subscriptions. The personal dashboard also in-

cludes a set of interface elements which are conveniently placed in the header and left side menu of 

the application’s skin as they facilitate the access to the main LOR functionalities in other pages be-

sides the personal dashboard. As such, after login, the header includes links for the user profile, 

homepage, message center, a simple search widget and a clickable indicator of the logged user’s 

reputation which is redirect-able to his activity page. The left side menu is configured with clickable 
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items which, when pressed, redirect the user to his personal dashboard or search LO, VC, user and 

group options. Expandable menus showing the LOs, VCs and Groups associated with the logged in 

user are also integrated in the left side skin menu with the added option to bring up a pop-up to make 

a new contribution with respect to the 3 mentioned targets. All these elements can be seen in figure 

23. 

 

Figure 22: An instance of the User Profile social interface pattern in BOAv3 

 

Figure 23: An instance of BOAv3’s user dashboard 
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This chapter unveiled the solution and implementation details regarding BOAv3 from both an architec-

tural and LOR evaluation framework’s point of view thus being revealing of how BOA transitioned to-

wards its latest version. 
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5. Evaluation 

The evaluation BOAv3 was performed according to 2 different studies each with its own goals and 

succinctly described in sections 5.1 and 5.2 respectively. As such, the first study considers a compari-

son of BOAv3 not only against BOAv2 but also versus a set of four notable repositories, namely 

MACE, Connexions, MERLOT and ARIADNE with the framework of chapter 3 serving as the basis for 

a controlled evaluation since it covers the entire set of implemented or improved features and func-

tionalities. On the other hand, a user driven study validated the deployed functionalities in the web 

application from both a usability and usefulness standpoints whereas its outcome was obtained from a 

properly setup user session either through direct user observation or through the analysis of a 4 part 

questionnaire targeting 4 sets of user exercised functionalities. 

5.1 Comparison versus LORs 

As the BOA platform naturally evolved from its second towards its third development iteration it de-

manded an assessment of how well it fares against other LORs. In this manner, 4 repositories were 

selected and evaluated according to the LOR evaluation framework thus allowing qualitative values to 

surface along the framework’s various dimensions. The following 5 paragraphs cover each of the 

framework’s higher level dimensions i.e. Metadata, Storage, Search Facilities, General and Social 

Features. For an overall view of the framework applied to BOAv2, BOAv3, MACE, Connexions, 

MERLOT and ARIADNE readers should refer to table 5 at the end of this section. 

Regarding LO metadata, despite the fact that BOAv3 maintained its chosen standard to the Dublin 

Core schema and its properties (excluding the IEEE LOM location property to support a referatory 

behavior), it can now offer to either community members or interested third party client applications, 

copies of its metadata records encoded in either XML or RDF therefore amplifying the reach and visi-

bility of LOs. Notably, with metadata records expressed as RDF in its various serialization formats, 

whose consumption can be achieved by exploiting the SPARQL endpoint, makes this feature a unique 

asset within the platform only comparable to ARIADNE’s endpoint. In practice, this allows BOAv3 to be 

a provider of LOs simultaneously enabling to possibility of future partnerships with other LORs or 

eLearning applications in the same manner as ARIADNE, who is a provider to BOAv3’s federated 

search. In terms of metadata generation, BOAv3 maintained the user dependent and mostly manual 

annotation for Dublin Core’s fields because of the big risk it would have been to commit to automatic 

annotation along with the increased likelihood of search services to be negatively affected whenever a 

LO isn’t catalogued in a meaningful manner, i.e. not meeting the desired expectations of the searching 

user. ARIADNE is distinctly successful being scalable with the generation of metadata records as it is 

the only repository among those analyzed that has an automatic approach in this aspect, being also 

accompanied with a validation service that verifies the conformity of metadata values to the rules of 

IEEE LOM. As it is reported in sub-section 4.3.4 of this dissertation, BOAv3 now possesses an auto-

matic metadata quality control mechanism implemented as a set of metrics whose values are recalcu-

lated frequently and serve as indicators of user’s performance in metadata annotation tasks. Metric 
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values are shown in the application’s web interface with gauges configured to present possible sug-

gestions and improvements in plain text if desired. 

To the author’s research effort, only BOAv3 relies simultaneously on a Lucene index, relational data-

base, triplestore and file storage altogether to operate with its various coupled advantages (see sub-

section 4.4.2). Moreover, the repository gives the option to the user submitting learning materials to 

reference LO content hosted either locally in BOAv3’s server or externally on the web by means of its 

URL. It should be mentioned that the previous version made it mandatory for the LO’s content to be 

hosted locally as a file, whereas among the 4 analyzed LORs, only Connexions can be classified as 

hybrid with respect to the locality framework dimension. 

As expected, all analyzed LORs have the simple and advanced search modalities, only varying on 

implementation details which are platform dependent. Browsing LOs by possible metadata field values 

is a LO retrieval method absent only in the ARIADNE repository considering that the transition be-

tween BOAv2 and BOAv3 fulfilled the providence of this option for the repository’s users with a series 

of tag clouds. More interestingly, the fact that MACE was the only LOR which was found to capture, 

store and formally catalogue user actions in its application with CAM (Contextualized Attention 

Metadata) records, enabled it to deploy a personalized search mechanism that boosted search results 

in rank by previously recognizing usage patterns between users and LOs. Personalized Search is 

seamlessly integrated in BOAv3 along the simple and advanced search mechanisms meaning re-

trieved search results which are originally ordered by Lucene’s matching algorithms are further dis-

criminated by the agglutination of scores obtained regularly from the metrics presented in section 2.3. 

In this manner, community members’ captured actions in BOAv3 are put to good use hence the per-

sonalization of its search mechanisms to be specifically tailored to the individual user’s educational 

needs as manifested by his preferences in the past. In this sense, BOAv3 and MACE are the only 

repositories which distinguish themselves among peers. It is general practice for LORs to complement 

search results in number with a separate search mechanism which federates queries towards foreign 

learning applications subsequently returning references for materials hosted elsewhere of the web. 

Regarding federated search, only Connexions was found to not have such a search option, while BOA 

in its latest version exploits ARIADNE’s SPARQL endpoint to tackle the scarcity of LOs problem by 

presenting in its interface links towards external educational content. Likewise and because BOAv3 

has a SPARQL endpoint, machine readable LO metadata records can be gathered by any web appli-

cation or crawler who have developed an interest in them by configuring and forwarding the appropri-

ate SPARQL query. The transition towards supporting Semantic Web standards like RDF and 

SPARQL is, once again, only observable in BOAv3 and ARIADNE. 

BOAv3 does not restrict its community by subject domain or previous background knowledge unlike 

VemAprender or BOA-GPI now reaching a wider audience which is the norm in the analyzed LORs 

with the notable exception of MACE that focuses its educational resources on the civil architecture 

field of expertise. Community user based LO reviewing has been improved and kept on par with the 

MERLOT from which its implementation was inspired on. Digital Rights Management and Intellectual 

Property Rights is adopted across all scrutinized repositories including the latest version of BOA which 
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presents more prominently (when compared with version 2.0), in the LO submission process and LO 

signature page, a link pointing  towards the official Creative Commons attribution license’s terms and 

conditions. Although BOAv3 is not officially in a partnership with any organization, the necessary con-

ditions have been established in order for external eLearning applications to harvest BOAv3’s metada-

ta records with the provided SPARQL endpoint thus being in line with what is done with MACE, 

MERLOT and ARIADNE, which are all members of the GLOBE federation.  

Learning Object Repositories which enjoy continuous success have deployed social features that tar-

get the stimulation of their respective communities thus leveraging an increase in numbers of both 

LOs and new members, consequently augmenting interactions between both entities. Collections of 

educational materials can be created in BOAv3 just like in most LORs, with the added option of mak-

ing the composition a collaborative activity between members as is the case of Connexions with the 

configuration of permissions and roles. The end result of the composition process is a downloadable 

zip file with the aggregated LO content. Sub-community management with learning groups has 

evolved in BOAv3 in contrast with the previous version in the sense that any user can spontaneously 

and out of their free-will create a group and invite users to join, while the opposite, meaning users in-

terested in a group’s activity (revolving around LOs and VCs), can manifest their intentions of partak-

ing in its roster by proposing their admittance. BOAv3’s groups are very much aligned with Connex-

ions’ philosophy in this regard while MERLOT developed in its Voices partner web-site the same ap-

proach towards free group/sub-community creation and management despite still maintaining a set of 

statically created sub-communities in the main site with officially established curators who filter and 

review associated LOs. Intra-site messaging is available in BOAv3 following the example of MERLOT 

who supports user collaboration with this asynchronous communication method. The latest updates 

about a variety of BOAv3 entities like groups, VCs, LOs or users are provided with RSS, a feature also 

made convenient for interested parties on Connexions and MERLOT. Although MACE does capture 

user actions in the form of CAM metadata records it was not discernible by inspection or published 

research papers or articles that it measures LO popularity and rewards users for that fact just like a 

Reputation System would. In contrast, MERLOT quantifies participation with a point system
67

 whereas 

its accumulation is automatically recognized by the system governing the platform consequently 

awarding a viewable ribbon in the committed user’s profile page as a sign of public recognition on the 

use of learning technology. On the same subject, Connexions measures module (meaning LO) and 

collection popularity by a ratio of the number of content page views over the sum of all content page 

views in the platform. Ranks with respect to this statistic and average views per day are also present-

ed if requested in search results. BOAv3 clearly surpasses Connexions and MERLOT’s approach im-

plementation-wise by considering not just the user as a valid reputable target but also groups, virtual 

collections and LOs. Since actions are considered for these 4 targets, their respective reputation score 

is updated regularly on a 24 hour basis furthermore making it intelligible in each of the targets signa-

ture pages. User activity stagnation is countered by a time decaying function that deprecates the value 

of user actions through time while engaged users are automatically recognized and rewarded by the 

conditions defined in reputation boosts whose goal is to inflate, whenever appropriate, any target’s 

                                                           
67  http://info.merlot.org/merlothelp/index.htm#15__solution.htm 
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reputation scores (see Reputation System solution in sub-section 4.6.6). Of the 6 social interface pat-

terns included in the LOR evaluation framework, the user profile, dashboard and send/share widget 

can be acknowledged in the MERLOT, MACE and Connexions LORs as opposed to the displaying, 

embedding which are now found only in BOAv3 among all analyzed repositories giving it an edge con-

sidering these patterns have the potential, when employed, to increase the visibility of LOs and the 

LOR itself by extension. Likewise, the send/receive invitations pattern is now available in BOAv3 al-

lowing already registered community members to contribute to an increase in newcomers with per-

sonalized email invitations triggered by a potentially interesting group, LO or VC whose link is included 

in the mail’s body. 
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 BOAv2 BOAv3 MACE Connexions MERLOT ARIADNE 

G
e

n
e

ra
l 

P
ro

p
e

rt
ie

s
 Intended Audience 

K12(VemAprender), Higher 

Education 

(BOA-GPI) 

Unrestricted Unrestricted Unrestricted Unrestricted Unrestricted 

Subject Domain 

Unrestricted 

(VemAprender), Project 

Management (BOA-GPI) 

Unrestricted 
Civil 

Architecture 
Unrestricted Unrestricted Unrestricted 

Peer-Reviewing Present Present(Improved) Present Present Present Not Present 

Federation Not Present Not Present Present(GLOBE) n/a Present(GLOBE) Present(GLOBE) 

Intellectual Property Rights Creative Commons Creative Commons Creative Commons 
Creative Com-

mons 

Creative Com-

mons 
Creative Commons 

M
e

ta
d

a
ta

 Standard Dublin Core 

Dublin Core(+ loca-

tion property of IEEE 

LOM if applicable) 

MACE-AP (applica-

tion profile based in 

IEEE LOM) 

CNXML (appli-

cation profile) 
IEEE-LOM IEEE-LOM 

Encoding XML XML, RDF XML XML XML XML, RDF 

Generation Approach 
Manual and Automatic 

(some fields) 

Manual and Auto-

matic (some fields) 

Manual (automatic 

enrichment) 
Manual Manual Automatic 

Quality Control Not Present Present Not Present Not Present Not Present Present (Validation)  

S
to

ra
g

e
 

Type Relational DB, File Storage 

Triplestore, Relation-

al DB, Lucene Index, 

File Storage 

Relational Data-

base with XML ex-

ports, Lucene Index 

n/a 

Relational Data-

base with XML 

exports 

Relational (Oracle 

DB), Triplestore 

Locality Content hosted locally Hybrid Referatory Hybrid Referatory Referatory 

S
e
a

rc
h

 F
a
c

il
i-

ti
e

s
 

Simple Present Present Present Present Present Present 

Advanced Present Present Present Present Present Present 

Browsing Not Present Present Present Present Present Not Present 

Personalized Search Not Present Present Present Not Present Not Present Not Present 

Federated Not Present Present Present Not Present Present Present 

SPARQL Queries Not Present Present Not Present Not Present Not Present Present 

S
o

c
ia

l 
F

e
a

tu
re

s
 

Virtual Collections Present(Limited) Present(Improved) Present(Limited) Present Present Not Present 

Sub-Community Management Present Present(Improved) Not Present Present Present Not Present 

Intra-Site Messaging Not Present Present Not Present Not Present Present Not Present 

RSS Present(Limited) Present(Improved) Not Present Present Present Not Present 

Tagging Not Present Present Present Present Present Present 

Reputation System Present(Credit System) Present(Improved) Not Present Present Present Not Present 

S
o

c
ia

l 
In

te
rf

a
c
e
 

P
a

tt
e

rn
s
 

Displaying Not Present Present Present Not Present Not Present Not Present 

Send/Share Widget Not Present Present Present Present Present Not Present 

Embedding Not Present Present Not Present Not Present Not Present Not Present 

Send/Receive Invita-

tions 
Not Present Present Not Present Not Present Not Present Not Present 

Profile Present(Limited) Present(Improved) Present Present Present Not Present 

Personal Dashboard Present(Limited) Present(Improved) Present Present Present Not Present 

Table 5: The LOR Evaluation Framework applied to the BOAv2, BOAv3, MACE, Connexions, MERLOT and ARIADNE repositories

http://legacy.cnx.org/help/glossary#cnxml
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5.2 User-driven evaluation 

Elaborating further on the evaluation of BOAv3, a sample of 10 inexperienced BOA application users 

were subjected to an experiment consisting on the execution of a series of tasks with a fully functional 

deployment of BOAv3. The end goal was to measure the usability and relevance of the wide array of 

BOAv3’s functionalities. For that effect, the user guide of appendix A was created and segmented 

according to a 4 part set of logically related functionalities, namely LO, Search, VC and Social func-

tionalities. Each segment details numbered actions to be performed sequentially in the application and 

upon reaching the end of a segment a web questionnaire with respect to the set of encompassed 

functionalities was answered by the involved users. Each of the questionnaire’s inquiries requiring 

user input was implemented as an ordinal Likert scale manifesting the degree of agreement towards a 

research question according to a 7 point spectrum of values. In the end of each segment’s question-

naire a special textbox inquiry allowed test subjects to manifest their opinions, comments, criticism or 

suggestions anonymously. Besides letting users freely manifest their additional remarks in the textbox, 

the experimenter registered, whenever it was appropriate, the test subjects’ behavior and verbal 

comments. The experimental setup was also configured so the session was uninterrupted, following 

the subject’s pace and to last no longer than 60 minutes. 

All user provided input from the 4 questionnaires can be conferred in the graphs of appendix B 

grouped by their associated and labeled questions. The extent of both the user guide and question-

naires encompassing the majority of available functionality makes it prohibitive to thoroughly describe 

the implications of every single posed question as some of them were elaborated in hope of triggering 

verbal remarks or feedback regarding potential usability issues in the textbox at the end of each ques-

tionnaire. In this manner, the following paragraphs are organized in the scope of the LOR evaluation 

framework’s dimensions which drew significant feedback and conclusions stemming from a selected 

set of pertinent answered questions. Questions regarding, for example, LO related functionalities are 

labeled in each of the following tables with a “Q_” prefix, followed by a code of the questionnaire seg-

ment, in this case “LO”, and a suffix with the number of the question preceded by a dot.  Used statisti-

cal measurements include the average, median and standard deviation along with an aggregate dis-

criminating the frequency of responses by whether they were superior to 4 points in the Likert 

scales(depicted with a happy smiley) or otherwise. 
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Metadata – Standard and Generation Approach 

The sole pertinent question related to these two dimensions was: 

 Q_LO.7: How easy was it to submit a Learning Object to the BOA platform? 

 
Average Median Mode 

Standard 

Deviation 

Aggregate 

  /  
Question Q_LO.7 5.7 6 6 0,95 9 1 

Table 6: Statistical measures for question Q_LO.7 

Asking how easy it was for a user to submit a LO to a platform, meaning to manually fill a form in order 

to generate a metadata record, is a key question to ascertain how adequate the Dublin Core standard 

is to the BOA community. From the results it is noticeable that most users found the submission pro-

cess easy with only 1 user manifesting concerns about the duration with a neutral 4 point response. 

As the results are positive, the manual approach with the Dublin core standard (which has fewer prop-

erties when compared with other cataloguing standards) will be maintained while the durability prob-

lem stemming from the fact that it was not clearly shown, from a usability point of view, that only the 

title field is mandatory. On the same note, it was mistakenly acknowledged from the user guide that all 

Dublin Core properties should mandatorily be exercised or filled. 

Storage – Locality 

The pertinent questions related to the Locality dimension were: 

 Q_LO.11: How easy was it for you to specify a file or external resource URL for your LO? 

 Q_LO.12: How important is it for you to associate locally hosted files to your LO? 

 Q_LO.13: How important is it for you to associate a URL your LO? 

 Q_LO.14: How easy was it for you to download or navigate to the LO's content? 

 
Average Median Mode 

Standard 

Deviation 

Aggregate 

  /  

Q
u

e
s

ti
o

n
s
 

Q_LO.11 5.1 5 5 1,66 8 2 

Q_LO.12 6.4 6.5 7 0,7 10 0 

Q_LO.13 6.2 6 7 0,79 10 0 

Q_LO.14 6.1 6 6 0,99 9 1 

Table 7: Statistical measures for questions Q_LO.11 – Q_LO.14 

It is important to distinguish questions Q_LO.12 and Q_LO.13 from the remaining 2 because they refer 

to how important a referatory behavior and locally hosted content are for a LOR. Because users posi-

tively validated both ways to reference the LO’s content it means that, in practice, either option is via-

ble and that it should be delegated to the community member the decision to opt for either referring to 

locally hosted content or content already present on the web in a hybrid manner. From question 
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Q_LO.11 and observed behavior during the execution of the tests it could be understood that from a 

usability standpoint associating a file or URL to the LO’s content can be made in a cleaner fashion 

with less clicks and easier to work file upload control. Q_LO.14 had one neutral 4 point answer as it 

was ambiguous for a single user that the “Download LO” button for locally hosted content turned into 

the “Go to LO Location” button when the LO’s content shifted from being locally hosted towards refer-

encing an external resource. 

Search Facilities 

The pertinent questions related to the Simple Search dimension were: 

 Q_SO.1: How conveniently do you feel the Simple Search widget is placed? 

 Q_SO.2: How easy was it for you to work with the Simple Search option? 

 Q_SO.3: How useful do you perceive the search matching text to be? 

 
Average Median Mode 

Standard 

Deviation 

Aggregate 

  /  

Questions 

Q_SO.1 5.1 6 6 2,02 7 3 

Q_SO.2 6.5 6.5 7 0,53 10 0 

Q_SO.3 6.5 7 7 0,71 10 0 

Table 8: Statistical measures for questions Q_SO.1 – Q_SO.3 

The Simple Search mechanism received high praise for its simplicity and ability to discriminate the 

provenance of matches among the metadata fields of LOs in search results as manifested in not only 

the statistics of questions Q_SO.2 and Q_SO.3 but also verbally while test subjects were performing 

the tasks. Despite the positive remarks, opinions were polarized about Q_SO.1 which evaluated the 

positioning of the simple search widget in the header of the application’s skin. This widget has a text-

box with a magnifying glass image button coupled to it and upon the input of a textual search query 

and click of the button it would redirect users to the simple search page presenting pertinent results. 

Unanimously, users said that the widget itself is well placed but as can be seen by the high standard 

deviation of question Q_SO.1, 3 negative answers were given because it was not intelligible that an 

actual textbox was present in the header of the application’s skin thus skewing the results. This detail 

can however be easily corrected by applying more easily discernible styles to the header’s interface, 

particularly the simple search textbox. 

 

 

 

 

 



 

87 

 

The pertinent questions related to the Advanced Search dimension were: 

 Q_SO.4: How easy was it for you to work with the Advanced Search option? 

 Q_SO.5: How useful do you feel each of the following search criteria are in Advanced Search? 

 

Average Median Mode 
Standard 

Deviation 

Aggregate 

 
 / 
 

Q
u

e
s

ti
o

n
s
 

Q_SO.4 5.9 6 6 0,74 10 0 

Q_SO.5[Content] 6.7 7 7 0,67 10 0 

Q_SO.5[Title] 6.8 7 7 0,42 10 0 

Q_SO.5[Description] 6.6 7 7 0,7 10 0 

Q_SO.5[Keywords] 6.5 7 7 0,71 10 0 

Q_SO.5[Creator] 5.7 5.5 7 1,25 8 2 

Q_SO.5[Contributor] 4.7 4.5 3 1,57 5 5 

Q_SO.5[Subject] 6.5 7 7 0,71 10 0 

Q_SO.5[Spatial 

Coverage] 
3.2 3 3 1,03 2 8 

Q_SO.5[Language] 6.1 6.5 7 1,29 9 1 

Q_SO.5[MIME For-

mat] 
5.5 5.5 7 1,51 7 3 

Q_SO.5[DC Re-

source Type] 
2.8 2.5 2 1,55 1 9 

Q_SO.5[LO Rela-

tions] 
4.7 5 5 1,16 7 3 

Q_SO.5[Date] 5.9 6 6 0,88 9 1 

Q_SO.5[Audience] 4.7 5 6 2 6 4 

Table 9: Statistical measures for questions Q_SO.4 – Q_SO.5[Audience] 

Despite the high amount of input fields, the advanced search implementation did not receive any neu-

tral or negative test scores in question Q_SO.4 whereas its mode has a value of 6 since users were 

hesitant to give the highest possible score value. Each variation of question Q_SO.5 corresponds to 

an input field in the application’s UI and intended to evaluate the utility of searching by Dublin Core’s 

properties from an end user’s perspective. By performing this evaluation the advanced search inter-

face can be altered by ordering and hence presenting more prominently towards the top of page the 

input fields that test subjects considered to be more useful. More concretely, if one were to sort the 

input fields by this study’s average for each DC property, the ordering would be the following: - title; -

content; - description; - subject; - keywords; - language; -date; - creator; - format MIME; - audience; - 

relation; - contributor; - spatial coverage and DC resource type. The target audience DC property for a 

LO should be further evaluated because of the high standard deviation which is symptomatic of very 

diverging opinions regarding the usefulness of this property. 
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The pertinent questions related to the Browse Search dimension were: 

 Q_SO.6: How intelligible were the tagclouds and its labels for you? 

 Q_SO.7: How easy was it to find the tags of your interest? 

 Q_SO.8: How conveniently placed did you find the RSS links next to each of the tagcloud's la-

bels? 

 
Average Median Mode 

Standard 

Deviation 

Aggregate 

  /  

Questions 

Q_SO.6 5.6 6.5 7 1,84 8 2 

Q_SO.7 5.3 6 7 1,89 6 4 

Q_SO.8 6.5 7 7 1,08 9 1 

Table 10: Statistical measures for questions Q_SO.6 – Q_SO.8 

Mixed and contrasting response scores were given for the browse search option in questions Q_SO.6 

and Q_SO.7 hence the high standard deviation and aggregate values. With this in mind and despite 

the maximum obtained mode value, high median and high average for both questions, concerns were 

raised about the size of the tagclouds which contained all possible values with respect to the adopted 

DC vocabulary for a particular metadata field. For example, a tagcloud is provided with every possible 

UDC subject value in each of its labels and considering that the UDC standard has 463 values made a 

set of users dissatisfied with the tag localization experience consequently manifesting it in these 2 

questions. This is a valid testimony that the interface and implementation of the browse search with 

tagclouds containing a high amount of labels needs to be refined moreover considering that it is not 

expectable that every single user knows how to exploit the search functionality of browsers to find text 

embedded in the page’s HTML. The location of RSS feed image links next to each tagcloud label was 

looked upon favorably by the majority by inspecting the statistics of question Q_SO.8. 

The pertinent questions related to the Federated Search dimension were: 

 Q_SO.9: How easy was it for you to work with the Federated Search option? 

 Q_SO.10: How relevant do you think it is to present LOs placed outside of the BOA domain in a 

separated Federated Search option? 

 
Average Median Mode 

Standard 

Deviation 

Aggregate 

  /  

Questions 
Q_SO.9 6.3 7 7 1,06 9 1 

Q_SO.10 6.3 6.5 7 0,95 9 1 

Table 11: Statistical measures for questions Q_SO.9 and Q_SO.10 

All but one user were pleasantly surprised that BOAv3 complemented the LO results obtained from its 

search facilities with other results from an external repository (i.e. ARIADNE) as it is revealed in ques-

tion Q_SO.10. Because the federated search mechanism is dependent on the operability of 

ARIADNE’s SPARQL endpoint (sometimes during tests queries had to be resent because of endpoint 

timeouts which is outside of BOAv3’s scope of responsibility) resulted in some reluctance to reliably 
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resort to this functionality by part of some test users. Nonetheless high scores were provided. Test 

subjects also acknowledged the straightforward usability of the federated search option in question 

Q_SO.9 due to its implementation approach consisting in a single input query textbox and button. 

An overall usefulness question regarding each search modality was posed: 

 Q_SO.11: Rate how useful you feel each of BOA's Search Options are? 

 

Average Median Mode 
Standard 

Deviation 

Aggregate 

 
 / 
 

Q
u

e
s

ti
o

n
s
 

Q_SO.11[Simple 

Search] 
6.8 7 7 

0,42 
10 0 

Q_SO.11[Advanced 

Search] 
6.6 7 7 

0,52 
10 0 

Q_SO.11[Browse] 6.2 6.5  7 0,92 10 0 

Q_SO.11[Federated 

Search] 
6.2 6 6 

0,92 
9 1 

Q_SO.11[Sparql 

Search] 
5.5 6 7 

1,9 
8 2 

Table 12: Statistical measures for questions Q_SO.11[Simple Search - Sparql Search] 

It can be easily perceived by the statistical results of Q_SO.11 on simple search, advanced search 

and browse that users recognize how useful these functionalities are to search and retrieve LOs. The 

same user that manifested his reluctance on federated search’s reliability to retrieve results (well un-

derstood, the ARIADNE SPARQL endpoint’s availability) propagated his doubts into the usefulness 

question on this subject with a neutral 4 point result as seen on the aggregate column. On a different 

subject, because it is not expected that the regular community user knows how to operate a SPARQL 

endpoint either through a query provided in the endpoint’s web interface or with the development of a 

client web application which exploits BOAv3’s LO metadata records, the user guide only contemplated 

an evaluator explanation about the potential of this search option. Despite this fact, users naturally 

inquired back about the possibility of a massive lack of interest in SPARQL due to its complexity and 

potential learning curve to which the evaluator explained that the possibility of a future mutualism rela-

tion between LORs where both share LO metadata records was more than enough of a motivation to 

maintain this service. Regardless of the surfaced concerns, SPARQL search received high scores 

overall on its usefulness. It is important to notice how the plethora of possible search options is overall 

seen as useful, hence a powerful lesson that can be learned is that users can rely on different LO re-

trieval possibilities, each with their own implementation and intent, and still accomplish their tasks 

while choosing the most appropriate tool to do so.  
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General Properties – Peer Reviewing 

The pertinent questions related to the Peer Reviewing dimension were: 

 Q_LO.25: How easy did you find the LO review process?  

 
Average Median Mode 

Standard 

Deviation 

Aggregate 

  /  
Question Q_LO.25 6.1 6 6 0,99 9 1 

Table 13: Statistical measures for question Q_LO.25 

The majority of responses to the Q_LO.25 question reveal an overall approval about the usability of 

BOAv3’s LO review process. The only drawback which determined a neutral score as seen on the 

aggregate column was the usability detail of the 5 star rating implementation that excessively allows 

for review scores to be determined to the detail of fractional starts corresponding to the full range of 

numbers between 0 and 5 including numbers with 1 decimal place. For simplicity’s sake it was sug-

gested that allowed values be made more discrete, meaning either full or half stars which are numeri-

cally associated with 0, 0.5, 1, 1.5 and so on. Because a community driven peer review mechanism is 

mandatory in LORs it was opted not to include any question regarding its importance. 

General Properties – Intelectual Property Rights 

The pertinent questions related to the Intellectual Property Rights were: 

 Q_LO.8: How noticeable were your Intellectual Property Rights in the LO submission process? 

 Q_LO.21: How easily did you find the Intellectual Property Rights coupled to the LOs? 

 
Average Median Mode 

Standard 

Deviation 

Aggregate 

  /  

Questions 
Q_LO.8 6.5 7 7 0,97 9 1 

Q_LO.21 6.4 6.5 7 0,7 10 0 

Table 14: Statistical measures for questions Q_LO.8 and Q_LO.21 

The questionnaire included questions about whether the test subjects noticed their intellectual proper-

ty rights on LO submission and LO pages as they are important to understand how themselves and 

others should reuse educational materials while maintaining attribution rights towards content crea-

tors. On submission, whenever the submit LO button is clicked, a confirmation pop-up emerges simul-

taneously presenting the rights to the user with an image link that potentially opens a new tab on the 

user’s browser to the Creative Commons attribution license web page. The fact that only a single user 

glanced and did not fully acknowledged the license information in the pop-up dictated a neutral answer 

in the Q_LO.8 question. Otherwise all other users fully understand their rights. 
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Social Features – Virtual Collections 

The pertinent questions related to the Virtual Collections were: 

 Q_VC.1: How easy was it to submit a Virtual Collection to the BOA platform? 

 Q_VC.2: How useful do you perceive Virtual Collections to be? 

 Q_VC.3: How easy was it for you to search and add LOs to your Virtual Collection? 

 
Average Median Mode 

Standard 

Deviation 

Aggregate 

  /  

Questions 

Q_VC.1 6.8 7 7 0,63 10 0 

Q_VC.2 6.5 7 7 0,85 10 0 

Q_VC.3 6 6 7 1,05 9 1 

Table 15: Statistical measures for questions Q_VC.1 – Q_VC.3 

The virtual collection related questions Q_VC.1 and Q_VC.2 demonstrated clear understanding of this 

repository asset as an aggregation of LOs because most responses were maximum valued in the pro-

vided 7 point Likert scale. The same did not occur however from a usability standpoint when LOs were 

to be searched and added to the collection as to some users’ understanding this task could be made 

simpler to complete with less UI clicks and intermediate screens. It is quite simple however to search 

for LOs in the context of addition to a collection if one were to configure the LO search result grid with 

a new column to simplify the addition with a single click to a  “Add to Collection” button thus correcting 

this issue which was duly noted. 

Social Features – Sub-Community Management 

The pertinent questions related to the Sub-Community Management were: 

 Q_SF.1: How easy was it to submit a Group to the BOA platform? 

 Q_SF.2: How useful do you perceive learning Groups to be? 

 Q_SF.3: How easy was it for you to search and add users to your Group? 

 Q_SF.4: How easy was it for you to search and add LOs to your Group? 

 Q_SF.5: How easy was it for you to search and add Virtual Collections to your Group? 

 Q_SF.6: How easy was it for you to specify the privacy access for your Group? 
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Average Median Mode 

Standard 

Deviation 

Aggregate 

  /  

Q
u

e
s

ti
o

n
s
 Q_SF.1 6.7 7 7 0,48 10 0 

Q_SF.2 6.5 7 7 0,71 10 0 

Q_SF.3 6.8 7 7 0,42 10 0 

Q_SF.4 6.7 7 7 0,67 10 0 

Q_SF.5 6.3 7 7 1,06 9 1 

Q_SF.6 6.2 6.5 7 1,03 9 1 

Table 16: Statistical measures for question Q_SF.1 – Q_SF.6 

As can be discerned by the statistics of question Q_SF.2, learning groups were perceived to be very 

useful in order to manage users, LOs and VCs altogether in a community partition whose access is 

regulated at creation time with the possibility to be later fine tuned if necessary with the granular speci-

fication of group permissions. The ease of performing group related tasks, particularly its creation and 

addition of LOs, VCs and users, was evaluated with promising results usability-wise according to 

questions Q_SF.1, Q_SF.3, Q_SF.4 and Q_SF.5 which consistently achieve high averages, medians, 

modes and aggregate values. The odd neutral score in Q_SF.5 is strangely an outlier considering that 

the addition of LOs, VCs and users is performed in exactly the same manner in the UI for all these 

entities. Question Q_SF.6 surprisingly revealed how confident test subjects were overall when chang-

ing the group’s permissions via its permission grid which was regarded beforehand as an advanced 

feature by the author. When asked about how they felt about the complexity of the permissions grid, 

two users pointed out the resemblance between this UI component and the Windows operative sys-

tems permissions grid which at one point or another they came across hence their safety in working 

with it. 

Social Features – Intra-site messaging 

The pertinent questions related to the Intra-site messaging were: 

 Q_SF.12: How useful do you perceive Intra-site Messaging to be?  

 Q_SF.13: How useful do you perceive the Journal to be? 

 
Average Median Mode 

Standard 

Deviation 

Aggregate 

  /  

Questions 
Q_SF.12 6.6 7 7 0,7 10 0 

Q_SF.13 5.4 5 5 0,84 9 1 

Table 17: Statistical measures for questions Q_SF.12 and Q_SF.13 

The implementation of intra-site messaging and the journal intended to make provisions for user col-

laboration with asynchronous messaging precluding users to resort to external services when they 

could be communicating within the scope of the BOAv3 application with these features. The average, 

median and mode statistics of questions Q_SF.12 and Q_SF.13 are revealing of a preference towards 

the intra-site messaging versus the journal. Comments on this preference stated that intra-site mes-

saging sufficed their expectations of communication needs for LO related activities while the journal 
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was seen as a replication of facebook’s timeline making inquired users unwilling to adhere to yet an-

other typical social network message broadcast functionality. A clever remark was also pertinently 

made suggesting that when intra-site messaging was employed in the context of a group, the applica-

tion should have the option to fill the recipients’ textbox with all the group members’ display names. 

Social Features – RSS 

The pertinent questions related to the RSS were: 

 Q_LO.20: How useful do you perceive RSS to be in order to receive LO updates? 

 Q_VC.7: How useful do you perceive RSS to be in order to receive Virtual Collection updates? 

 Q_SF.10: How useful do you perceive RSS to be in order to receive Group updates? 

 
Average Median Mode 

Standard 

Deviation 

Aggregate 

  /  

Questions 

Q_LO.20 5.3 6 6 1,42 8 2 

Q_VC.7 5.4 5.5 5 1,58 8 2 

Q_SF.10 5.6 6 6 1,43 7 3 

Table 18: Statistical measures for questions Q_LO.20, Q_VC.7 and Q_SF.10 

Although above average responses were given to RSS when applied to LOs, VCs and groups in order 

to receive updates with respect to these entities, opinions were somewhat polarized due to the argu-

ments of some test subjects that RSS usage was in decline overall. Even some of the users who rated 

this functionality with high scores verbalized that either they rarely used RSS or stopped using it alto-

gether. Despite these claims they understood how well RSS fit the solution for the requirement of 

providing updates for some notable BOAv3 entities. 

Social Features – Reputation System 

The pertinent questions related to the Reputation System were: 

 Q_LO.26: How useful do you think it is to be able to verify the LO activity? 

 Q_SF.15: How intelligible were the LO, VC, User and Group's reputation gauges? 

 
Average Median Mode 

Standard 

Deviation 

Aggregate 

  /  

Questions 
Q_LO.26 6.3 6 6 0,67 10 0 

Q_SF.15 6.3 7 7 1,06 9 1 

Table 19: Statistical measures for questions Q_LO.26 and Q_SF.15 

It should be reminded beforehand that because test subjects were chosen not to have any previous 

experience with BOAv3, their test guide was elaborated to comprehend the full range of possible ac-

tions within the platform, meaning to start with registration and proceed with every action in the guide. 

With this in mind and noting that the reputation system’s scheduler runs on a 24-hour basis, reputation 
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related questions were kept to a bare minimum because reputation values could not be calculated on 

a timely fashion during the test therefore only the UI’s reputation gauges and activity screens could be 

exercised and evaluated. The capture of user actions was positively acknowledged with surprise by 

test subjects whereas the answers given to question Q_LO.26 confirmed the usefulness of listing the 

same actions in an activity page in the context of a LO. Although reputation values for LOs, VCs, us-

ers and groups were not calculated during the execution of the tests, the indicators which were imple-

mented as gauges were evaluated from a usability standpoint in question Q_SF.15. Excluding a neu-

tral 4 point rate, the results were positive in its majority which is symptomatic that test subjects com-

prehended the intended use of the gauges. The only verbal remark referred to the lack of additional 

information when the mouse cursor was hovered over the gauges. Some suggestions can be config-

ured to be shown to the user in case of low reputation score regardless of target (i.e. LO, VC, group or 

user). 

Social Features – Social Interface Patterns 

The pertinent questions related to the Displaying dimension were: 

 Q_LO.18: How important do you think that the displaying markup of the LO is outside the BOA 

domain? 

 Q_VC.6: How important do you think that the displaying markup of the Virtual Collection is outside 

the BOA domain? 

 Q_SF.9: How important do you think that the displaying markup of the Group is outside the BOA 

domain? 

 
Average Median Mode 

Standard 

Deviation 

Aggregate 

  /  

Questions 

Q_LO.18 5.4 5.5 6 1,17 7 3 

Q_VC.6 5.5 5.5 5 1,08 8 2 

Q_SF.9 4.9 5 5 1,29 7 3 

Table 20: Statistical measures for questions Q_LO.18, Q_VC.6 and Q_SF.9 

The displaying social interface pattern was received with some hesitancy as users struggled to find a 

scenario where they wanted to use the displaying markup in order to show an overlay which presented 

information regarding the targeted LO, VC or group. Although statistics show a slightly above average 

opinion on this social interface pattern it can be learned that this functionality is not expected to have 

extended use from community members as test subjects could only imagine this put to practice in blog 

posts or similar. 
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The pertinent questions related to the Send/Share Widget dimension were: 

 Q_LO.16: How important do you think LO sharing on Facebook is? 

 Q_VC.4: How important do you think Virtual Collection sharing on Facebook is? 

 Q_SF.7: How important do you think Group sharing on Facebook is? 

 
Average Median Mode 

Standard 

Deviation 

Aggregate 

  /  

Questions 

Q_LO.16 5.3 5 4 1,16 7 3 

Q_VC.4 5.2 5 5 1,14 7 3 

Q_SF.7 5.5 5.5 7 1,35 8 2 

Table 21: Statistical measures for questions Q_LO.16, Q_VC.4 and Q_SF.7 

The send/share widget social interface pattern gathered similar results overall when compared to the 

statistics of the displaying pattern. The reasoning behind the mild projected importance of this pattern 

does not derive from the test users not finding scenarios to share LOs, VCs or groups in facebook like 

the displaying case but rather because they felt intimidated to fill their own or another facebook user’s 

timeline with links to an application that they might not even be a part of as they can be potentially 

recognized as spammers by their facebook acquaintances. 

The pertinent questions related to the Embedding dimension were: 

 Q_LO.19: How important do you think that embedding a LO's content outside of BOA is? 

 
Average Median Mode 

Standard 

Deviation 

Aggregate 

  /  
Question Q_LO.19 5.8 6 6 1,14 8 2 

Table 22: Statistical measures for question Q_LO.19 

Directly embedding the LO’s content in an external page (if possible according to a file’s extension) via 

the provided HTML markup in BOAv3 was viewed as slightly more important than the previous pat-

terns as the average, median and mode leaned more towards the 6 point value rather than 5. In fact, 

users said that they were more comfortable showing the LO’s bare content than making the audience 

of the pattern be subject to an intermediate step which comprised the navigation towards the BOAv3 

web application which they might not even be registered with. 

The pertinent questions related to the Send/Receive Invitations dimension were: 

 Q_LO.17: How important do you think LO advertisement through email is? 

 Q_VC.5: How important do you think Virtual Collection advertisement through email is? 

 Q_SF.8: How important do you think Group advertisement through email is? 
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Average Median Mode 

Standard 

Deviation 

Aggregate 

  /  

Questions 

Q_LO.17 5.8 6 6 0,79 9 1 

Q_VC.5 5.4 6 6 1,26 7 3 

Q_SF.8 5.6 6 6 1,71 8 2 

Table 23: Statistical measures for questions Q_LO.17, Q_VC.5 and Q_SF.8 

Much like the embedding pattern, the statistical results for the send/receive invitations pattern are 

closer to a 6 point value for average, median and mode thus still contrasting with the displaying and 

send/share widget patterns which struggle to surpass the slightly above neutral 5 point values for the 

same statistics. Verbal comments on emailing LO, VC or group invitations discriminated this action a 

little more positively because it was mentioned that senders had greater control to who had access to 

the sent email itself, i.e. the sender’s email contacts themselves. This way the sender, which is a 

BOAv3 user, can effectively have more control to who is exposed to the advertised LO, VC or group. 

5.3 Summary 

In this chapter a qualitative LOR framework-driven evaluation was performed with the explicit intention 

to determine how well BOAv3 fares against other LORs in terms of its functionalities and repository 

qualities. As the comparison is controlled by the LOR evaluation framework of chapter 3, each of its 

dimensions when applied to BOAv2, BOAv3, MERLOT, MACE, ARIADNE or Connexions allow for the 

revelation of their values and qualities as thoroughly shown in table 5. Overall and in comparison, 

BOAv3 not only matches but selectively surpasses other LORs in terms of available functionalities. 

Moreover, although some repositories may also have a particular functionality deployed within their 

application, BOAv3 may hold an implementation edge which makes it more useful for community 

members.  

Considering the “Search Facilities” higher level dimension in table 5, it can be understood that BOAv3 

is the only repository that provides an implementation of every single search facility, each of which 

have having differing goals, usability or target audience. It should be also mentioned that personalized 

search is a rare asset among LORs, while BOAv3 seamlessly integrates it along the simple and ad-

vanced search mechanisms when search results are retrieved and ordered according to a linear com-

bination of personalization metrics that, being calculated on a 24 hour basis, have as input not only the 

values present in LOs’ metadata records but also attention metadata obtained from the implicit capture 

of user actions within the web application. The support for external applications to perform SPARQL 

queries is also unusual among LORs as only recently (March 2014) ARIADNE started to publish the 

values associated with LO metadata records on a HTTP queriable endpoint. With this feature, BOAv3 

can have its LO metadata records consumed by client applications meanwhile having established pro-

visions for possible future partnerships. 
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Metadata records themselves are evaluated in BOAv3 according to a set of metrics whose score de-

termines a set of suggestions whose goal is to aid the end user to improve his LO cataloguing efforts. 

In comparison, BOAv3 along with ARIADNE are the only LORs which have a quality control feature. 

Implementation-wise and on a future proof perspective, the scalability of the quality control feature is 

assured by repeating the calculation of relevant metrics on a daily basis thus keeping up with the re-

pository’s growth in terms of LOs. 

From a social features perspective, sub-community management is assured with the liberal creation of 

groups whose learning goal is freely determined by its user roster. Privileged group members in 

BOAv3 have the possibility to granularly specify with permissions who has access to the group itself 

hence this aspect being clearly advantageous versus other LORs which either statically partition their 

groups ahead of time or quite simplistically allow a small set of platform users to determine overall, 

and for the entire repository, who belongs in which sub-community much like in MERLOT’s case. 

Monitoring and rewarding community members for their altruistic behavior is assured by an improved 

reputation system which, unlike BOAv2, does not restrict access to the repository’s educational mate-

rials based on a virtual currency. Moreover, reputation is calculated for a series of targets, i.e. LOs, 

VCs, groups and users, whereas its scores are made visually intelligible with properly placed gauges 

in the UI. All of this contrasting with the approach taken by other LORs that are either limited in the 

number of actions (Connexions only considers LO viewing actions to measure popularity) or do not 

take into account user engagement levels with a time-decaying function applied to reputation levels. 

BOAv3 also uniquely distinguishes itself among peer repositories by implementing all social interface 

patterns that are proven solutions to trigger social and collaborative behavior in the community mem-

bers further allowing LOs, VCs or groups to be visually exposed outside the context of the BOA do-

main with either HTML overlays in blogs, shares on social networks, embedded content on web pages 

or even emails. 

A user driven evaluation was also performed with test subjects who were not accustomed to BOAv3 in 

the past. These subjects executed a set of tasks encompassing the entirety of the LOR’s functionali-

ties answering along the way four questionnaires whose responses when processed with a statistical 

analysis provided insight on, not only the usability of the various functionalities, but their perceived 

importance as well. As shown by the statistics of section 5.2 and appendix B, the user study manifest-

ed overall very positive results. Despite being a speculative statement because no comparative study 

is available for BOAv2, it seems safe to say that BOAv3 is a clear improvement functionally and usa-

bility wise when compared with its predecessor. Since verbal and written feedback was provided by 

test subjects, along with what can be analyzed from the statistical evaluation, future possible usability 

improvements which seem to have higher priority are briefly presented in the following items: 

 the LO submission screen should clearly show for each of the metadata fields to be provided as 

input, which are mandatory for the system to accept; 

 the usability of associating a LO metadata record with either a file hosted in the platform or a URL 

referencing the content’s location should be improved with less screens and clicks; 
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 the order of advanced search’s input fields can be ordered according to the test subject’s man i-

fested importance; 

 a RSS link retrieval option should be offered alleviating the browse search from presenting labels 

in the tagclouds which have 0 LOs associated with them just because that is the only way to ob-

tain an RSS link with respect to that label; 

 simplify the addition of LOs in the context of VCs by presenting simple and advanced search re-

sults coupled with a “Add LO to VC” button; 

The user study can be legitimately criticized by its relatively small pool of test subjects. However, be-

cause one of the goals of the user-driven tests was to ascertain the usability of the various functionali-

ties amidst the execution of the user guide’s tasks, it can be argued by referencing Nielsen and 

Landauer [61] that a sample of 10 users is enough when compared to the projected 5 test subjects 

who suffice to make 80% of usability problems noticeable. 
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6. Conclusion 

As eLearning is driven by the evolution of technology when applied to this particular field of 

knowledge, all interested parties who seek to leverage their educational activities gain significant prof-

its in being assisted by applications which have been proven to have a positive impact not only in a 

pedagogical sense but also in time, effort or even monetary savings. With this in mind, learners or 

instructors, for example, may have a need to find learning resources in the World Wide Web to com-

plete their tasks whether they are meant for self-learning purposes or for the reuse and assembly of 

other higher granularity learning resources. To accomplish these scenarios, Learning Objects were 

introduced as digital educational files that while being coupled with a metadata record have its content 

described in a standardized, controlled manner. Learning Object Repositories, on the other hand, are 

web applications whose scope of responsibilities includes the indexing of LOs and the providence of 

search mechanisms for users to find, share or reuse the educational resources they need. Over the 

last decade, the emergence of Open Course Ware applications or aggregators (e.g. MIT-OCW, edX, 

etc) paved way for educational materials, whose provenance came from highly respectable institutions 

like universities, to be altruistically published and subsequently consumed free of charge by any inter-

ested actor. In the same fashion, LORs have an associated community of users who contribute to the 

repository selflessly with their own authored LOs while having the guarantee of having their work rec-

ognized publicly by being protected by the Creative Commons’ intellectual property rights attribution 

license which states that the material itself can be reused, changed or remixed free of charge as long 

as the original authors are given credit to. Ideally, a successful LOR has an abundant, giving and en-

gaged community of members, an abundance of properly catalogued, referenceable and easily dis-

coverable materials and a deployed set of personalized functionalities which can be exploited by any 

user to successfully complete the goals of any conceivable learning task. However, realistically and 

furthermore for up and coming LORs like Bolsa de Objectos de Aprendizagem, it is a difficult chal-

lenge to achieve that ideal scenario. For BOA to evolve towards its third iteration it had to be initially 

evaluated qualitatively in a controlled manner in order for its shortcomings to emerge so a solution can 

be specified, subsequently implemented and the resulting impact assessed. To evaluate BOAv3 a 

LOR evaluation framework was devised in a series of dimensions each of them encompassing a por-

tion of the author’s related work effort which targeted not only technology that was found applicable to 

LORs but also good practices and success case applications in the eLearning field including peer re-

positories. The application of the LOR evaluation framework projected a possible solution for BOAv3 

which comprises the features summarily described in the following paragraphs. 

Offering various encoding options, particularly RDF, and exposing the metadata records through a 

queriable SPARQL endpoint increases the possibility that BOAv3’s LOs will be discovered both by 

client applications and federations of LORs alike. 
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Providing a quality control feature for metadata records and suggesting possible improvements to us-

ers cataloguing learning resources identifies problematic records, educates the community, reduces 

the chance that low quality records are proliferated and helps search services that rely on metadata to 

perform well. 

Reaching an abundance of LOs is partially solved by exploiting the federated search services offered 

by other LORs (e.g. ARIADNE). The retrieved external LOs can be presented to BOAv3’s users as 

they will more consistently find and navigate to the educational resources they were looking for by 

means of its URL. BOAv3 itself can have metadata records referencing content hosted elsewhere on 

the web exhibiting a referatory behavior improving, at the same time, the perception of BOAv3’s utility 

as a repository. 

Capturing individual user’s actions within the application creates an opportunity to reward them ac-

cordingly for their time and effort from a community’s recognition point of view. Simultaneously, en-

gagement levels are maintained and contributions encouraged by means of a dedicated and scalable 

system which automatically scores the reputation of LOs, VCs, groups and users through time. Educa-

tional materials, meaning LOs, can also be explicitly and manually targeted for a valued judgement 

with peer-reviews. 

Applying social interface patterns triggers social collaborative behaviors in the community keeping 

users interested in the repository and assures the possibility of showing LOs outside the BOA domain 

(e.g. in widely popular social networks) eventually attracting newcomers with personalized friend invi-

tations. Users can also articulate their activities by messaging their fellow community members. 

Users can freely collaborate in community partitions in the form of groups with the capability to granu-

larly control its access and visibility with permissions. Groups’ learning goals are inherently determined 

by its constituents by further allowing this entity to be associated with LOs and VCs which are chosen 

according to the discretion of a set of privileged group users. 

Users’ educational interests and needs are taken into account with personalized simple and advanced 

search features which automatically orders retrieved LO results by means of a linear combination of 

scores stemming from a set of personalization metrics that take into account past user actions within 

the BOAv3 application in conjunction with data in metadata records. As such, relevant search results 

for each individual user are prominently shown at the top of the retrieved LO listings. 

As the full set of specified features in the solution was implemented, a two part evaluation was con-

ducted. For the first part, and resorting to the LOR evaluation framework, ARIADNE, MACE, MERLOT 

and Connexions were evaluated in a controlled manner with respect to each of the framework’s d i-

mensions. From the values present in the framework applied to each of the four LORs, it has become 

conclusive, when compared to BOAv3 that the latter has gain a competitive edge by implementing 

relevant functionalities that are either completely absent or have limited use in other repositories. More 

concretely, BOAv3’s personalized search functionality, the ability for metadata records to be harvested 

from a SPARQL endpoint, its automatic metadata quality control facility, the sub-community manage-
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ment approach, the scalable and automatic reputation scoring system and its social interface patterns 

support, positively and qualitatively discriminates BOAv3 among peers. The second evaluation was 

user-driven and consisted in the execution of a series of tasks partitioned into 4 segments with a ques-

tionnaire to be answered in the end of each. The goal was for the application to be fully evaluated 

since the user guide covered the entirety of available functionalities not only from a usability stand-

point but also from a user perceived feature importance perspective. A statistical analysis was per-

formed with overall very positive results not only score-wise, in terms of questionnaire responses, but 

also from collected test subject feedback which naturally influences future development cycles for the 

BOA project. Although a detailed enumeration of possible improvements derived from the user study 

is out of the scope of this chapter, it should be mentioned that most of them regard usability improve-

ments with the simplification of a selected few number of tasks with less intermediate steps to accom-

plish. 

The remainder of this chapter will address the main contributions that can be obtained from this body 

of work along with possible future work and research directions which can potentially further improve 

BOAv3. 

6.1 Main contributions 

The work effort behind the development of BOAv3 generated some insights which can become inval-

uable for the eLearning research community or educational software designers and developers alike, 

specifically those looking to improve a Learning Object Repository or develop it from scratch. In this 

sense, the developed LOR evaluation framework can easily be applicable to this kind of applications 

and moreover constitute an important reference tool to not only identify possible shortcomings but also 

to understand the implications and tradeoffs of every decision for the community at hand, the LOs 

themselves and external entities (eventually other LORs) that may find an interest in the platform. As 

such, the framework that was proposed in this dissertation, although not definitive and subject to re-

finements, is a first step towards the qualitative evaluation of this kind of platform along its various 

dimensions. In order to prove the viability of the framework itself, the latter was applied throughout this 

document to six different repositories (considering BOAv2 and BOAv3 as distinct) namely BOAv2, 

BOAv3, MACE, MERLOT, ARIADNE and Connexions, the latter four, although being well established 

and matured LORs, were proven not to be impeccable as possible evolution paths were revealed by 

some sporadic insufficiencies. Hopefully this framework along with the related work that substantiates 

it can guide those interested in the LO thematic to design, develop or upgrade repositories in a qualita-

tive manner, benefiting, in the long run, all the stakeholders involved in a Learning Object Repository. 

Although the insights gained from the user-driven evaluation are particularly tailored for BOAv3, a 

couple of details can potentially be extrapolated and applied to other LORs. The responses regarding 

the perceived importance of advanced search’s input fields can be acknowledged as a good indicator 

of how these should be orderly presented in this search option’s UI, furthermore considering that this 

is a fundamental search in any repository. Despite BOAv3’s adopted metadata standard being Dublin 

Core, common properties can be found on other standards like IEEE LOM thus making this insight 
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rather resilient regardless. Another learned lesson addresses how pertinent and important every single 

search option can be because test subjects, despite having their own preference in available LO re-

trieval choices, found simple search, advanced search, browsing, federated search and SPARQL que-

ries useful each in their own manner and merit. 

Another discernible contribution derives from the solution that was found applicable to the problematic 

presented in section 1.2. It can be argued that this solution, being applicable to BOA, may not hold for 

other repositories, however, upon the evidence of promising results stemming from the user-driven 

evaluation, it can be stated with some degree of confidence that other LORs can gather significant 

value if they reach a goal state where this solution is implemented and deployed. In this manner each 

question composing the initial problem will be itemized as follows along with a short answer identifying 

pertinent features that can solve the issue at hand: 

 How to achieve an abundance of LOs? Incorporate LO search results from other repositories. Do 

not restrict users to only reference digital content found in your application; let LOs reference the 

inexhaustible content found on the Web via its URL. Keep users engaged via social features. 

 How to achieve an abundance of users? Provide means for newcomers to be invited also advertis-

ing your repository’s brand in contexts foreign to your application’s domain, i.e. with the displaying, 

embedding, send/share widget and send/receive invitations social interface patterns. 

 How will users be brought in, kept active and behave collaboratively? Let users communicate in-

side the application with intra-site messaging, promote collaboration within sub-communities 

(meaning learning groups) and around entities like LO’s or collections which can be advertised at-

tracting more collaborators with some social interface patterns. If capturing community member’s 

actions is a possibility, identify reputable targets such as LOs, users, etc, show their reputation, 

reward positive contributions and don’t let activity stale by time-decaying reputation through time.  

 How can users search LOs in a personalized fashion? Take advantage of the possibility to capture 

user actions in the application (Reputation System) to calculate, along with data values from LO 

metadata records, a score which determines the order of search results. This way, past user ac-

tions will be suggestive and consequently dictate, according to the adopted personalization met-

rics, which retrieved LOs are more prominently presented on top of the UI’s result grid. 

 How will the LOs be made discoverable for outside sources? Deploy a triplestore and a SPARQL 

endpoint. Whenever LOs are submitted or edited, index its triples or update them conveniently in 

order for other client applications to harvest your metadata. Implement a series of RSS feeds thus 

allowing users to choose which updates they want to receive in their respective aggregators, i.e. 

by recent LOs, subject, group activity, etc. Social interface patterns can also make LOs (or other 

entities) discoverable or visible in social networks, blogs, web pages, etc. 

 How will the users and LOs be managed? Control the quality of LO metadata records through time 

with a set of automatically calculated metrics while taking the chance to educate users regarding 

their cataloguing effort’s shortcomings with visualizations and suggestions. Provide means for LOs 

to be aggregated into collections which can organize a user’s favorite learning materials. Let users 
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freely create learning groups and manage the users and LOs they want to be associated with, re-

gardless of the group’s goal which is determined by its own members. 

 How to identify and reward valuable repository assets? The intrinsic value of a LO’s content can 

be evaluated with peer-reviews from community members. A LO’s metadata can be evaluated 

with metadata quality control metrics thus facilitating the identification of poor or exceptional cata-

loguing efforts. A Reputation System can measure the reputation or popularity of various reposito-

ry assets (in BOAv3, LOs, VCs, groups or users) by means of previously indexed user actions. If 

actions target a collection for example, both the performing user and collection should benefit from 

the reputation. Rewards (e.g. reputation boosts, permissions, moderation privileges, etc) can then 

be attributed to altruistic and motivated users who have proven themselves in the community. 

As these problems are recurrent in LORs, this dissertation holds a specification of a solution and im-

plementations details that can be reused in other contexts to successfully achieve a LOR goal state 

that mitigates the risks posed by the above problematic. 

6.2 Future Work 

During the action research iteration that culminated in the new state of BOAv3 several ideas and 

feedback were obtained. This section, in each of its following paragraphs, identifies possible work or 

research directions to further improve BOA as it is an ever evolving effort of a Learning Object Reposi-

tory: 

An information visualization (InfoVis) dashboard could be implemented for individual users or platform 

administrators. Instead of presenting the raw data in the usual pie or bar chart, refined information can 

be made available and, more importantly, made intelligible in a series of pages concerning various 

targets in the application, for example, groups, collections, etc. If applied to users, they could, for in-

stance, verify their activity (or reputation) through time, break which actions have been performed 

more frequently in the groups of their interest, receive a richer visual feedback of how they can im-

prove their LO cataloguing efforts, determine progress towards obtaining boosts(or rewards)  and so 

on. On the other hand, quantitative measures can be displayed for administrators in a dedicated 

dashboard which presents visualizations discriminating repository-wide information regarding various 

repository facets. A major advantage would be the automatization of quantitative studies for the BOA 

project as these could be implemented once in the platform and reused in different points in time if 

needed. 

The metadata generation process could be made semi-automatic with techniques from the natural 

language field of knowledge such as summarization. With this, it should be possible to extract sugges-

tions of abstracts from the LO’s content towards the Dublin Core description field. Suggestions would 

be scrutinized by users that can either accept or reject the suggestions. The same can be applied for 

suggestions regarding the keywords or tag metadata field. 

Every community member’s dashboard can be enriched with LO, VC or group recommendations 

based on the machine-learning approach of predicting items for users. In this manner, and following 



 

104 

 

what can be observed in YouTube and other sites, users would be presented with spontaneous sug-

gestions that have been extrapolated as being of their personal interest. In this case, the already exist-

ing indexed user-actions would feed the recommendation system into predicting LOs. 

At deployment time, BOAv3 only relies on ARIADNE to obtain LO search results. Other potentially 

relevant results can be obtained by federating searches to other repositories or popular digital file 

sharing platforms like YouTube, slideshare, etc, if web APIs or dedicated protocols for that effect are 

made available by those applications. 

A live streaming service can be associated with groups or individual users who broadcast their learn-

ing content (e.g. tutoring sessions) on the BOA platform which could then be optionally saved and 

catalogued as a separate LO and thus published on the platform. This would be a clearly distinguisha-

ble functionality which promotes content creation, community collaboration and site affiliation. 
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Appendix A. User Evaluation Guide 

 
Bolsa de Objectos de Aprendizagem 3.0 

 
User Evaluation Guide 

 

The Objective of this user evaluation is to ascertain the usefulness, usability and relative im-

portance of the various LOR (Learning Object Repository) functionalities of BOAv3 while al-

lowing criticism, suggestions and comments to surface as these are symptomatic of possible 

future improvements on the application itself. 

Experimental setup: 

 Users will follow the steps presented in this guide which is appropriately segmented 

by functionality with a corresponding questionnaire to be answered in the end of each 

segment. 

 Testing will be performed under a controlled environment meaning without external 

interruptions and following the test subjects’ pace while being monitored by the eval-

uator who registers their behavior, comments, task completion time and number of er-

rors. 

 Users’ selection criteria were only restricted by the fact that the subjects did not have 

any previous experience with the BOAv3 application. 

 The session was configured to last no longer than 60 minutes. 

 

Pre-Evaluation Instructions: 
 

1. Create a pdf file in the desktop and fill it in with whatever text you wish and include 

the following string among it: “ math ” 

2. Start the application by copy-pasting the following link in the Browser: 

http://boa.me/Homepage.aspx 

3. Click the “Register” button on the application’s header to proceed to your registration  

4. Fill in the required fields and if you wish also fill the optional fields (with fictional val-

ues, it does not matter). 

 
Learning Object Evaluation Instructions: 
 

1. Select “Add New Learning Object” from the left-sided navigation menu 

a. Specify a title for your LO including the string “ math ” 

b. Specify a description for your LO  including the string “ math ” 

c. Specify creators who are either fictional with your own text or choose from the 

auto-complete box if it appears 

d. Specify contributors who are either fictional with your own text or choose from 

the auto-complete box if it appears 

e. Specify the Spatial Coverage for the LO 

f. Specify the Type of Dublin Core resource for the LO 

g. Specify some free tag labels that can potentially describe your LO 

http://boa.me/Homepage.aspx


 

111 

 

h. Specify a “creationDate” for your LO 

i. Specify a relation between the LO which is about to be submitted and other 

LO by typing in the auto-complete textbox “Apres” 

j. Specify an audience for your LO 

k. Specify whether you want your LO to be private(visible only for you) or public  

l. Click the Submit button and acknowledge your Intellectual Property Rights ac-

cording to the Creative Commons Attribution license 

2. Confirm and after a while acknowledge the success message 

3. Proceed by clicking on the “Next” button to Edit your LO content file 

a. Take the chance to upload files to your own personal folder in BOA by clicking 

on the “Upload New File” Button. 

b. Click “Choose File” and select the file “CSMaritimoFunchal_04.png” on my 

desktop 

c. Click “Upload Selected FIle” 

d. In the same manner, upload the pdf file you previously created and placed on 

my desktop. 

e. Acknowledge your files on the Drop-down  list 

f. Select the pdf file to be associated as your LO content and click “Save File” to 

confirm. 

4. After the success message appears click next to Edit your LO’s Image file 

a. Like before, select the “CSMaritimoFunchal_04.png” file from your personal 

folder and click on the “Save File” button. 

b. Click “Finish” 

5. Find and navigate to your recently created LO in the left-sided Navigation Menu by 

expanding the “Learning Objects” Item through the appropriate arrow 

6. Take a second to acknowledge the LO signature page 

7. Download the LO’s content by resorting to the appropriate button 

8. Click on the “Edit LO File” item in the right-sided Contextual Menu and select the “Ex-

ternal Link” checkbox 

a. Copy-paste the fictional link https://www.google.pt/webhp?hl=en-us&tab=ww 

as the URL reference to the LO’s content. 

b. Click “Save File” and close the pop-up after the success message 

9. Click the “Go to Location” button placed in the LO signature page’s interface to navi-

gate to the content’s externally hosted URL 

10. Edit the LO file back to the pdf file for testing purposes 

11. Share your LO with me on facebook 

12. Mail your LO to me  

13. Check out the result of copy-pasting the “Displaying” markup in an external page 

14. Acknowledge the RSS link which provided updated information regarding your LO 

15. Acknowledge your LO’s coupled Intellectual Property license meaning the Creative 

Commons Attribution License 

16. Select the “Edit LO Permissions” item in the right-sided Contextual Menu 

a. If you made your LO private make it public by checking (with a tick) the “Ver 

LO” permission for the role “AllBoaUsers” on the grid. Otherwise, make it pri-

vate in the same manner but with the “forbidden” symbol 

b. Find a user, e.g. “testuser”, to help you manage the LO by finding him in the 

DisplayName auto-complete textbox 

c. Press “Add Users” 

https://www.google.pt/webhp?hl=en-us&tab=ww
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d. Allow “testuser” to “Ver LO”, “Editar Metadados”, “Editar Ficheiro”, etc by 

checking each permission on his respective row on the bottom grid 

e. Press Update to Save the Permissions 

f. Close the pop-up 

17. Review your own LO (click “Review LO” in the LO’s contextual menu) for demonstra-

tion purposes by rating each evaluation dimension and filling in some fictional positive 

and negative remarks 

a. Submit the review and close the pop-up 

18. View the activity concerning your LO by clicking on the “LO Activity” item in the right-

sided contextual menu 

a. Acknowledge the actions in the grid and the RSS link for the same effect 

19. Check how successfully your LO cataloguing efforts were by clicking the “Metadata 

Quality Metrics” item in the LO contextual menu 

a. Acknowledge each metric and their respective suggestions by hovering over 

each gauge with the mouse cursor 

b. Close the pop-up 

20. Answer the “General   LOs” section of the questionnaire. 

 

Search Functionalities Evaluation Instructions: 
 

1. Use the Simple Search widget in the skin header to search for the keyword “math” 

you included in both the content and LO metadata fields 

a. Press the magnifying glass to perform the search  

b. Find your recently submitted LO in the results list 

c. Press the arrow in the leftmost part of your LO search result row for the 

matching fields’ presentation 

d. Acknowledge the matched fields and text 

2. Find all LO search options on the left-sided navigation menu by clicking on the arrow 

in the “Search Learning Objects” item and choose Advanced Search 

a. Input “math” in the content textbox, search and acknowledge the results 

b. Input “math” in the title textbox, search and acknowledge the results 

c. Input “math” in the description textbox, search and acknowledge the results 

d. Input one of the chosen tags when you submitted your LO in the keywords 

textbox, search and acknowledge the results 

e. Input your chosen subject in the subject dropdownlist, search and 

acknowledge the results 

f. Input your chosen spatial coverage in the coverage dropdownlist, search and 

acknowledge the results 

g. Input your chosen language in the language dropdownlist, search and 

acknowledge the results 

3. Find all LO search options on the left-sided navigation menu by clicking on the arrow 

in the “Search Learning Objects” item and choose “Browse Search” 

a. Acknowledge each tag cloud, its labels meaning possible values with respect 

with the metadata field at hand coupled with its frequency in the repository 

and its corresponding RSS link 

b. Feel free to find a tag value which peaks your interest and click on it to view its 

corresponding Advanced Search results 
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c. Feel free to find a subject value which peaks your interest and click on it to 

view its corresponding Advanced Search results 

d. Feel free to find a format value which peaks your interest and click on it to 

view its corresponding Advanced Search results 

e. Feel free to find a audience value which peaks your interest and click on it to 

view its corresponding Advanced Search results 

f. Feel free to find a spatial coverage value which peaks your interest and click 

on it to view its corresponding Advanced Search results 

4. Find all LO search options on the left-sided navigation menu by clicking on the arrow 

in the “Search Learning Objects” item and choose “Federated Search” 

a. Use the textbox to search for anything you would like 

b. If results come up navigate to the URL location of any resource you want to 

see its contents 

5. Find all LO search options on the left-sided navigation menu by clicking on the arrow 

in the “Search Learning Objects” item and choose “SPARQL Search” 

a. Acknowledge the evaluator’s explanation concerning the SPARQL endpoint 

which runs the following query: 

SELECT <http://www.boa.me/3004> ?b ?c 
FROM <http://boa.me/boaVirtuoso> 
WHERE 
{ 
   {<http://www.boa.me/3004> ?b ?c.} 
} 
Limit 100 

6. Answer the “Search Options” section of the questionnaire. 

 

Virtual Collections Evaluation Instructions: 
 

1. From the left-sided navigation menu, expand the “Virtual Collections” item and click 

“Add New Virtual Collection” 

a. Specify a title and description of your choosing 

b. Press “Create Collection” and proceed to edit the newly created VC’s image 

by pressing “Edit VC Image” 

c. Select the same image you specified as the image for your LO for this VC 

d. Press the buttons “Save File” and “Finish” 

2. Access your newly created VC by finding it under the expansion of the “Virtual Collec-

tion” item in the navigation menu 

3. Take a second to acknowledge the VC page, its right-sided contextual menu items 

and the sharing, mail and RSS possibilities 

4. Expand the “Search LOs for VC” item in the right-sided contextual menu and select 

the Simple Search option 

a. Find the LO you previously submitted or any other for that matter 

b. Click on the LO’s picture in order to navigate to its URL 

c. On the LO’s right-sided contextual menu select the “Add/Remove LO to Col-

lection”  

d. Find among the VCs that do not include the LO the VC you recently created 

e. Click on it and click on the arrow pointing towards the right to include it in the 

collection 

f. Do the same procedure for other LOs if you wish 
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g. Close the pop-up and return to the VC signature page 

5. Acknowledge the VC from its respective page, download the collection and inspect it 

in the local file system 

6. Answer the “Virtual Collections” section of the questionnaire.  

 

Group, Social Features and Reputation System Evaluation Instructions: 
 

1. From the left-sided navigation menu, expand the “Groups” item and click “Add New 

Group” 

a. Specify a title and description of your choosing 

b. Make the group private by using the appropriate textbox 

2. Navigate to its respective page by clicking on the “Group Page” button 

3. Take a second to acknowledge the group page, the right-sided contextual menu, the 

user, LO and VC grids (which are still empty) associated with the group, the journal, 

sharing and RSS possibilities. 

4. Expand the “Search LOs for Group” item in the contextual menu and select the “Sim-

ple Search” option 

a. Find the LO you previously submitted or any other for that matter 

b. Add it to the group and take the chance to propose another LO as well 

c. Close the pop-up 

5. Acknowledge the new LO in the group’s LO Grid 

6. In the header of the skin your should acknowledge a new notification next to its button 

(depicted by a speech balloon) whose coupled digits show the number of new unread 

notifications 

a. Click on the speech balloon button in order to navigate to the Messaging Cen-

ter 

b. Click on Notifications and acknowledge the new LO Proposal notification 

c. Although you proposed the LO to your own group, the proposal could have 

come from any other group member if it had more users with the “Propose 

LO” group permission(more on this later) 

d. Accept the new LO to be added to the group and navigate back to the Group’s 

page through the “Groups” item in the navigation menu 

7. Acknowledge the newly added LO 

8. Click on the “Search Users for Group” in order to invite new members to the group  

a. Search for “testuser” and invite him to the group. An invitation notification was 

sent to him. As soon as he acknowledges it he will accept or reject the invita-

tion. Also notice you can’t directly add the user bypassing the invitation (more 

on this later) 

b. For demonstration purposes, look for your display name in the group’s roster 

grid. Click “Message User” to make the messaging pop-up appear. 

c. Fill in the subject and body fields and message yourself 

d. Close the pop-up 

9. In the application skin’s header click on the messaging symbol (the letter symbol) to 

see the message you sent to yourself (you can naturally message other users) 

10. Navigate back to the group’s page through the “Groups” item in the navigation menu 

11. Click on “Edit Group Permissions” in the right-sided group contextual menu 
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a. Make the group visible to the BOA community by checking the “Ver Grupo” 

checkbox for the “AllBoaUsers” role and clicking “Update”. This will make the 

group appear in group search results with the “Search Group” functionality. 

b. Notice that the “Adicionar Membros ao Grupo” is locked thus adding users can 

only be performed via invitation/proposals. 

c. Close the pop-up in order to return the group signature page 

12. Click on “Ask for Group Privileges” to request the BOA’s administrators to make your 

group special  by unlocking the “Adicionar Membros ao Grupo” permission thus allow-

ing you to directly add any user to the group bypassing the invitation steps. 

13. Acknowledge the success message in the context menu as a notification will appear 

in the administrator’s message center 

14. In the right-sided group contextual menu select the “Search Vcs for Group” item 

a. Find the VC you recently added by searching for its title 

b. Add it to the Group and close the pop-up in order to return to the Group’s 

page 

c. Acknowledge the newly added VC at the corresponding Group’s VCs grid 

15. Take the chance to exercise the group journal by writing something on it. What you 

write will be visible to group members 

16. Click on the “Search Users” item in the left-sided Navigation Menu 

a. Search for “testuser” and click on its DisplayName to navigate towards its pro-

file page 

b. Click on the “Follow User” button to make his LO submissions visually intelli-

gible in your dashboard 

c. Click on the “Dashboard” item in the left-sided navigation menu to it 

d. Acknowledge “testuser”’s submitted LOs directly on your Dashboard 

e. You can share your thoughts with your followers by writing them on the journal 

placed in your dashboard as well. Take the chance to exercise that option.  

17. In the application’s skin you can find a gauge measuring your own reputation within 

BOA 

a. Acknowledge it and click the gauge in order to navigate to your own activity 

page 

b. Understand that your reputation is obtained from the number of actions you 

performed on the platform also weighing more heavily in calculations the ac-

tions that require more time and effort to perform 

c. In the same manner, navigate to your LO, VC and Group signature pages to 

acknowledge that these entities are also targeted for a reputation score shown 

in their respective gauges which are updated on a 24-hour basis. 

18. Answer the “Social Features” section of the questionnaire.  
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Appendix B. User Questionnaire Responses 

General Questions 

Questionnaire’s URL available in this page’s footnote
68

. 

Q_LO.1: Age 

 

Q_LO.2: Gender 

 

Q_LO.3: What is your education degree? 

 
 

 

 

 

                                                           
68 https://docs.google.com/forms/d/1TakdUpXkWByy4a1UvmAVLbcDe1BiRjcmKX-6dtkzRLM/viewform 
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Q_LO.4: Have you ever been involved in teaching, tutoring or instructional tasks? 

 

Q_LO.5: Have you ever resorted to technology for teaching or learning tasks? 

 
Q_LO.6: Have you ever used any Open Education Platform? 
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Learning Object Features Questions 

Questionnaire’s URL available in this page’s footnote
69

. 

Q_LO.7: How easy was it to submit a Learning Object to the BOA platform? 

 

Q_LO.8: How noticeable were your Intelectual Property Rights in the LO submission process? 

 

 

 

 

 

                                                           
69 https://docs.google.com/forms/d/1TakdUpXkWByy4a1UvmAVLbcDe1BiRjcmKX-6dtkzRLM/viewform 
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Q_LO.10: How easy was it for you to specify the privacy of your Learning Object? 

 

Q_LO.11: How easy was it for you to specify a file or external resource URL for your LO? 

 

Q_LO.12: How important is it for you to associate locally hosted files to your LO? 
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Q_LO.13: How important is it for you to associate a URL your LO? 

 

Q_LO.14: How easy was it for you to download or navigate to the LO's content? 

 

Q_LO.15: How easy was it for you to find your own submitted LOs? 
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Q_LO.16: How important do you think LO sharing on Facebook is? 

 

Q_LO.17: How important do you think LO advertisement through email is? 
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Q_LO.18: How important do you think that the displaying markup of the LO is outside the BOA do-

main? 

 

Q_LO.19: How important do you think that the displaying markup of the LO is outside the BOA do-

main? 
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Q_LO.20: How useful do you perceive RSS to be in order to receive LO updates? 

 

Q_LO.21: How easily did you find the Intellectual Property Rights coupled to the LOs? 

 

Q_LO.22: How easy was it for you to set the privacy of the LO via the permissions grid? 
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Q_LO.23: How easy was it for you to find users to help you manage LOs? 

 

Q_LO.24: How useful do you feel it would be to manage LOs collaboratively? 

 

Q_LO.25: How easy did you find the LO review process? 
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Q_LO.26: How useful do you think it is to be able to verify the LO activity? 

 

Q_LO.28: Feel free to provide additional comments or criticism regarding LO functionalities.  

- I think that the application in general is quite complete. However, it would be useful to improve 

the usability of some tasks / screens and join some steps into one (save and upload file). 

- É pouco claro a maneira como se faz upload de ficheiros, mais por culpa do controller em si. 

- Found some minor bugs, but nothing important. It would be nice if some specific fields have 

an information hint explaining their purpose. 

- o processo de submissão de ficheiros podia ser simplificado  as permissões deviam ser 

somente: Ver, Editar, Gerir  os dados do LO podiam ser todos mostrados na página (General 

+ Share + RSS + License) em vez de haverem diversos separadores  por vezes, ao editar, a 

funcionalidade dos botões next, update, finish, e fechar na cruz não é bem explicita. 

- considerar adicionar controlo de versões para os LO's já criados. 
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Average Median Mode 

Standard 

Deviation 

Aggregate 

  /  

Q
u

e
s

ti
o

n
s
 

Q_LO.7 5,7 6 6 0,95 9 1 

Q_LO.8 6,5 7 7 0,97 9 1 

Q_LO.10 6,4 6,5 7 0,7 10 0 

Q_LO.11 5,1 5 5 1,66 8 2 

Q_LO.12 6,4 6,5 7 0,7 10 0 

Q_LO.13 6,2 6 7 0,79 10 0 

Q_LO.14 6,1 6 6 0,99 9 1 

Q_LO.15 6,3 6,5 7 0,82 10 0 

Q_LO.16 5,3 5 4 1,16 7 3 

Q_LO.17 5,8 6 6 0,79 9 1 

Q_LO.18 5,4 5,5 6 1,17 7 3 

Q_LO.19 5,8 6 6 1,14 8 2 

Q_LO.20 5,3 6 6 1,42 8 2 

Q_LO.21 6,4 6,5 7 0,7 10 0 

Q_LO.22 5,7 5,5 5 1,06 9 1 

Q_LO.23 5,8 6 6 1,03 9 1 

Q_LO.24 6,3 6 6 0,67 10 0 

Q_LO.25 6,1 6 6 0,99 9 1 

Q_LO.26 6,3 6 6 0,67 10 0 

 

Search Options Questions 

Questionnaire’s URL available in this page’s footnote
70

. 

Q_SO.1: How conveniently do you feel the Simple Search widget is placed? 

 

 

 

 

                                                           
70 https://docs.google.com/forms/d/1aGZDGWBnC2MpMwzvXYaxMHTTbhyI87cCW1HlPcfTL3Y/viewform 
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Q_SO.2: How easy was it for you to work with the Simple Search option? 

 

Q_SO.3: How useful do you perceive the search matching text to be? 
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Q_SO.4: How easy was it for you to work with the Advanced Search option? 

 

Q_SO.5: How useful do you feel each of the following search criteria are in Advanced Search? [Con-

tent] 
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Q_SO.5: How useful do you feel each of the following search criteria are in Advanced Search? [Title] 

 

Q_SO.5: How useful do you feel each of the following search criteria are in Advanced Search? [De-

scription] 
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Q_SO.5: How useful do you feel each of the following search criteria are in Advanced Search? [Key-

words] 

 

Q_SO.5: How useful do you feel each of the following search criteria are in Advanced Search? [Crea-

tor] 
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Q_SO.5: How useful do you feel each of the following search criteria are in Advanced Search? [Con-

tributor] 

 

Q_SO.5: How useful do you feel each of the following search criteria are in Advanced Search? [Sub-

ject] 
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Q_SO.5: How useful do you feel each of the following search criteria are in Advanced Search? [Spa-

tial Coverage] 

 

Q_SO.5: How useful do you feel each of the following search criteria are in Advanced Search? [Lan-

guage] 
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Q_SO.5: How useful do you feel each of the following search criteria are in Advanced Search? [MIME 

Format] 

 

Q_SO.5: How useful do you feel each of the following search criteria are in Advanced Search? [DC 

Resource Type] 
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Q_SO.5: How useful do you feel each of the following search criteria are in Advanced Search? [LO 

Relations] 

 

Q_SO.5: How useful do you feel each of the following search criteria are in Advanced Search? [Date] 
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Q_SO.5: How useful do you feel each of the following search criteria are in Advanced Search? [Audi-

ence] 

 

Q_SO.6: How intelligible were the tagclouds and its labels for you? 
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Q_SO.7: How easy was it to find the tags of your interest? 

 

Q_SO.8: How conveniently placed did you find the RSS links next to each of the tagcloud's labels? 

 

 

 

 

 

 

 

 

 



 

137 

 

Q_SO.9: How easy was it for you to work with the Federated Search option? 

 

Q_SO.10: How relevant do you think it is to present LOs placed outside of the BOA domain in a sepa-

rated Federated Search option? 

 

 

 

 

 

 

 

 



 

138 

 

Q_SO.11: Rate how useful you feel each of BOA's Search Options are? [Simple Search] 

 

Q_SO.11: Rate how useful you feel each of BOA's Search Options are? [Advanced Search] 
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Q_SO.11: Rate how useful you feel each of BOA's Search Options are? [Browse] 

 

Q_SO.11: Rate how useful you feel each of BOA's Search Options are? [Federated Search] 
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Q_SO.11: Rate how useful you feel each of BOA's Search Options are? [SPARQL queries] 

 

Q_SO.12: Feel free to provide additional comments or criticism regarding Search functionalities. 

- Depois da pesquisa os resultados aparecem muito em baixo na lista, tem de se fazer muito 

scroll 

- Tag Cloud needs a revision. 

- Federated Search did not work. Date field is displayed as required but validation is not per-

formed 

- "- a barra de pesquisa simples está muito discreta- juntar os resultados da pesquisa interna 

com a federada (podia estar num separador à parte, como demora mais tempo os resultados 

locais podiam ser mostrados imediatamente, enquanto os outros ficavam a carregar)" 

- Mudar o sítio/estilo do Simple Search 

- colocar um ""prompt na caixa de pesquisa no topo 

- considerar uma revisão da posição da lista de resultados (advanced search). 

- I think the platform is very good in the sense that allows a user to find things outside and BOA 

and allows the reciprocate to be true, as well. However, I don't know if the majority of people 

will know how to handle Sparql language. In the same way, i don't know if Browse, Federated 

and Sparql searches are good enough chosen names for their purposes. 
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Average Median Mode 

Standard 

Deviation 

Aggregate 

  /  

Q
u

e
s

ti
o

n
s
 

Q_SO.1 5,1 6 6 2,02 7 3 

Q_SO.2 6,5 6,5 7 0,53 10 0 

Q_SO.3 6,5 7 7 0,71 10 0 

Q_SO.4 5,9 6 6 0,74 10 0 

Q_SO.5[Content] 6,7 7 7 0,67 10 0 

Q_SO.5[Title] 6,8 7 7 0,42 10 0 

Q_SO.5[Description] 6,6 7 7 0,7 10 0 

Q_SO.5[Keywords] 6,5 7 7 0,71 10 0 

Q_SO.5[Creator] 5,7 5,5 7 1,25 8 2 

Q_SO.5[Contributor] 4,7 4,5 3 1,57 5 5 

Q_SO.5[Subject] 6,5 7 7 0,71 10 0 

Q_SO.5[Spatial 

Coverage] 3,2 3 3 1,03 2 8 

Q_SO.5[Language] 6,1 6,5 7 1,29 9 1 

Q_SO.5[MIME For-

mat] 5,5 5,5 7 1,51 7 3 

Q_SO.5[DC Re-

source Type] 2,8 2,5 2 1,55 1 9 

Q_SO.5[LO Rela-

tions] 4,7 5 5 1,16 7 3 

Q_SO.5[Date] 5,9 6 6 0,88 9 1 

Q_SO.5[Audience] 4,7 5 6 2 6 4 

Q_SO.6 5,6 6,5 7 1,84 8 2 

Q_SO.7 5,3 6 7 1,89 6 4 

Q_SO.8 6,5 7 7 1,08 9 1 

Q_SO.9 6,3 7 7 1,06 9 1 

Q_SO.10 6,3 6,5 7 0,95 9 1 

Q_SO.11[Simple 

Search] 6,8 7 7 0,42 10 0 

Q_SO.11[Advanced 

Search] 6,6 7 7 0,52 10 0 

Q_SO.11[Browse] 6,2 6,5 7 0,92 10 0 

Q_SO.11[Federated 

Search] 6,2 6 6 0,92 9 1 

Q_SO.11[SPARQL 

queries] 5,5 6 7 1,9 8 2 
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Virtual Collections Questions 

Questionnaire’s URL available in this page’s footnote
71

. 

Q_VC.1: How easy was it to submit a Virtual Collection to the BOA platform? 

 

Q_VC.2: How useful do you perceive Virtual Collections to be? 

 

 

 

 

 

 

                                                           
71 https://docs.google.com/forms/d/1SO63xu21aYlJb9z8C88diqSWDmnpuFF6J5EVB_JlZAI/viewform 
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Q_VC.3: How easy was it for you to search and add LOs to your Virtual Collection? 

 

Q_VC.4: How important do you think Virtual Collection sharing on Facebook is? 
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Q_VC.5: How important do you think Virtual Collection advertisement through email is? 

 

Q_VC.6: How important do you think that the displaying markup of the Virtual Collection is outside the 

BOA domain? 
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Q_VC.7: How useful do you perceive RSS to be in order to receive Virtual Collection updates? 

 

Q_VC.8: Feel free to provide additional comments or criticism regarding Virtual Collection functionali-

ties. 

- Mudar a cor do controlador que associa LO's às VCs 

- Missing "Add to VC" button in the LO search. 

- Ease the process of adding new LOs to a VC (add an option in the each search result row). 

- Nos resultados da pesquisa também devia haver uma coluna para adicionar o item à VC & ter 

vistos para adicionar LO à VC em vez do sistema actual 

- The add of LO's to the VC should be more easy. 

- nada a apontar 

 
Average Median Mode 

Standard 

Deviation 

Aggregate 

  /  

Q
u

e
s

ti
o

n
s
 

Q_VC.1 6,8 7 7 0,63 10 0 

Q_VC.2 6,5 7 7 0,85 10 0 

Q_VC.3 6 6 7 1,05 9 1 

Q_VC.4 5,2 5 5 1,14 7 3 

Q_VC.5 5,4 6 6 1,26 7 3 

Q_VC.6 5,5 5,5 5 1,08 8 2 

Q_VC.7 5,4 5,5 5 1,58 8 2 
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Group and Social Features Questions 

Questionnaire’s URL made available in this page’s footnote
72

. 

Q_SF.1: How easy was it to submit a Group to the BOA platform? 

 

Q_SF.2: How useful do you perceive learning Groups to be? 

 

 

 

 

 

 

                                                           
72 https://docs.google.com/forms/d/1TzZpM3RltfixsUHJa9dWQWYq4Z5KdCUjopjhlNVvuDI/viewform 
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Q_SF.3: How easy was it for you to search and add users to your Group? 

 

Q_SF.4: How easy was it for you to search and add LOs to your Group? 
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Q_SF.5: How easy was it for you to search and add Virtual Collections to your Group? 

 

Q_SF.6: How easy was it for you to specify the privacy access for your Group? 
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Q_SF.7: How important do you think Group sharing on Facebook is? 

 

Q_SF.8: How important do you think Group advertisement through email is? 
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Q_SF.9: How important do you think that the displaying markup of the Group is outside the BOA do-

main? 

 

Q_SF.10: How useful do you perceive RSS to be in order to receive Group updates? 
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Q_SF.11: How useful do you perceive the Notification system to be? 

 

Q_SF.12: How useful do you perceive Intra-site Messaging to be? 
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Q_SF.13: How useful do you perceive the Journal to be? 

 

Q_SF.14: How useful do you perceive the LO updates from the users you follow? 

 

Q_SF.15: How intelligible were the LO, VC, User and Group's reputation gauges? 
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Q_SF.16: Feel free to provide additional comments or criticism regarding Groups and Social features. 

- Internal Server Error in the User's page. Need some UI/UX enhancements in the LO updates 

widget. Add a header to identify the journal. 

- Simplificar as permissões para não haverem tantas entradas na tabela 

- rever a pagina de adição de imagem do grupo / LO (preview da imagem) rever a disposição 

das grids dos LO's, VC's e users na pagina do grupo (dar ao journal umasecção separada) 

fazer distinção dos posts colocados no mural pessoal dos postscolocados no mural do grupo 

 
Average Median Mode 

Standard 

Deviation 

Aggregate 

  /  

Q
u

e
s

ti
o

n
s
 

Q_SF.1 6,7 7 7 0,48 10 0 

Q_SF.2 6,5 7 7 0,71 10 0 

Q_SF.3 6,8 7 7 0,42 10 0 

Q_SF.4 6,7 7 7 0,67 10 0 

Q_SF.5 6,3 7 7 1,06 9 1 

Q_SF.6 6,2 6,5 7 1,03 9 1 

Q_SF.7 5,5 5,5 7 1,35 8 2 

Q_SF.8 5,6 6 6 1,71 8 2 

Q_SF.9 4,9 5 5 1,29 7 3 

Q_SF.10 5,6 6 6 1,43 7 3 

Q_SF.11 6,8 7 7 0,42 10 0 

Q_SF.12 6,6 7 7 0,7 10 0 

Q_SF.13 5,4 5 5 0,84 9 1 

Q_SF.14 6,2 6,5 7 0,92 10 0 

Q_SF.15 6,3 7 7 1,06 9 1 

 

 


