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Abstract—While nowadays there is a plethora of Learning 
Content Management Systems, the collaborative, communi-
ty-based creation of rich e-learning content is still not suffi-
ciently well supported. Few attempts have been made to 
apply crowd-sourcing and wiki-approaches for the creation 
of e-learning content. However, the paradigm is only applied 
to unstructured, textual content and cannot be used in 
SCORM-compliant systems. To address this issue we devel-
oped the CrowdLearn concept to exploit the wisdom, crea-
tivity and productivity of the crowd for the creation of rich, 
deep-semantically structured e-learning content. The 
CrowdLearn concept combines the wiki style for collabora-
tive content authoring with SCORM requirements for re-
usability. Therefore, it enables splitting the learning materi-
al into Learning Objects (LOs) with an adjustable level of 
granularity. In order to realize the CrowdLearn concept, a 
novel data model called WikiApp is devised. The WikiApp 
data model is a refinement of the traditional entity-
relationship data model with further emphasis on collabora-
tive social activities and structured content authoring. We 
implement and evaluate the CrowdLearn approach with 
SlideWiki – an educational platform dealing with presenta-
tions and assessment tests. The article also comprises results 
of a usability evaluation with real students.. 

Index Terms—crowdsourcing, e-learning, LMS, structured 
learning objects, SCORM. 

I. INTRODUCTION 
While nowadays there is a plethora of Learning Content 
Management Systems (LCMS), the collaborative, com-
munity-based creation of rich e-learning content is still 
not sufficiently well supported. Few attempts have been 
made to apply crowd-sourcing and wiki-approaches for 
the creation of e-learning content. Wikiversity1, for exam-
ple, is a Wikimedia Foundation project aiming to lever-
age standard wiki technology for the creation of hypertext 
e-learning content. Peer 2 Peer University (P2PU)2 and 
PlanetMath3 are other examples which employ crowd-
sourcing to create rich e-learning content. P2PU helps 
users to navigate the wealth of open education materials 
and supports the design and facilitation of courses. The 
PlanetMath is a project to aiming to become a central 
repository for mathematical knowledge on the web, with 
a pedagogical mission. However, we deem, that no real 
attempt has been made so far to truly apply the concepts 

                                                             
1 http://wikiversity.org/ 
2 http://p2pu.org/ 
3 http://planetmath.org/ 

behind wikis and crowd-sourcing to develop a specifical-
ly tailored technology supporting the creation of highly-
structured, SCORM-compliant e-learning content. 

Sharable Content Object Reference Model 
(SCORM) [1] as one of the community-approved stand-
ards, requires the transformation of the learning material 
into the sequence of annotated Sharable Content Objects 
(SCOs). The granularity and sequencing of the SCOs 
should be determined by the content author depending on 
the audience needs and preferences [2] Ward Cunning-
ham’s wiki [10] paradigm is mainly only applied to un-
structured, textual content. This limitation makes it diffi-
cult or even impossible to use the wiki style of content 
authoring in the SCORM-compliant learning platforms. 
As a result, a proper community collaboration, authoring, 
versioning, branching, reuse and re-purposing of (semi-
)structured educational content similarly as we know it 
from the open-source software community is currently not 
supported. To address the issue we develop the 
CrowdLearn concept. 

CrowdLearn exploits the wisdom, creativity and 
productivity of the crowd for the creation of rich, deep-
semantically structured e-learning content. It combines the 
wiki style of collaborative content authoring with SCORM 
requirements for re-usability. Therefore, it enables split-
ting the learning material into Learning Objects (LOs) 
with an adjustable level of granularity. The CrowdLearn 
concept is based on five fundamental components (cf. 
Section III): standard compliance, semantic structuring, 
enhanced possibilities for reuse and re-purpose, crowd-
sourcing and social networking. 

In order to implement and evaluate the CrowdLearn 
concept, we created a showcase application named 
SlideWiki. SlideWiki deals with the collaborative creation 
of original e-learning content such as presentations, slides, 
diagrams and self-assessment tests. During the implemen-
tation of the CrowdLearn concept, we faced several chal-
lenges (cf. Section IV). For enabling the high-level col-
laboration, all content should be versioned, similar to the 
wiki paradigm. SCORM has direct support for multiple-
version content objects. However, we needed rules for 
triggering the creation of new revisions. Our findings on 
this issue are presented in sec:revisions. The next chal-
lenge was the SCORM requirement for the content to be 
structured. To solve this we developed the WikiApp data 
model [15] that organizes the relations between different 
content objects. Finally, the third challenge was to involve 
the learners in the process of content creation. We ad-
dressed this issue by providing support for social network-
ing activities. Both content owners and students are able to 
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participate in discussions about the learning material. 
While SCORM allows content engineers to do the se-
quencing, we allow it to be done by learners as well. As a 
consequence, semantically structured learning objects can 
be created and edited in a truly collaborative way. We 
further evaluated the CrowdLearn concept by conducting 
a comprehensive usability study with real students using 
SlideWiki (cf. Section V). 

II. RELATED WORK 
Related work can be roughly divided into the following 

two categories: 

A. Collaborative creation of e-learning content. 
The importance of creating reusable and re-purposable 

e-learning objects is widely accepted by the e-learning 
community [5]. However, most of the works address the 
learning object reuse problem rather by means of semantic 
meta-data annotations, content tagging and packaging than 
by creating richly structured, reusable learning objects 
from the ground. The importance of creating learning 
objects already with reuse in mind was, for example, stat-
ed by [13]: Content ... should be represented not as an 
object of study but rather as necessary elements towards a 
series of objectives that will be discovered in the course of 
various tests. There are only few approaches for the direct 
authoring of reusable content, such as, for example, learn-
ing examples creation [9] or semantic structuring and 
annotation of video fragments [4]. 

We should also mention the Learning Objects Reposi-
tories (LORs), that allow to produce structured reusable 
content. The first of them, Connexions4, presents the 
learning material as a combination of paragraphs, each of 
them could be easily edited or deleted. However, this 
structuring is done more for comfortable editing and does 
not have any functional benefits: the paragraphs cannot be 
reused or annotated independently. Thus, Connexions 
presents just an improved user interface for wiki-based 
system. The second example of structuring, that is more 
close to our idea, is LeMill5. LeMill provides a way of 
collaborative editing of the presentations by implementing 
presentations as a group of images which can be edited 
collaboratively. However, to edit a slide, a user has to 
replace it with another one. Also, it is impossible to have 
several subgroups of the slides within a presentation. The 
search through the slides (not presentations) is also not 
implemented. Thus, slides cannot be manipulated as inde-
pendent learning objects. 

The CrowdLearn concept differs from the existing ap-
proaches for managing e-learning content. It enables the 
construction of semantically structured learning objects 
from existing sources by combining, reordering and sim-
ple editing. By the term semantically structured object we 
mean that all the parts within the structure own all the 
attributes and methods of the object type, or, in the case of 
learning content, are complete and fully-functional LOs. 

B. Wiki-based collaborative knowledge engineering. 
The importance of wikis for collaborative knowledge 

engineering is widely acknowledged. In [14], for example, 
a knowledge engineering approach which offers wiki-style 
collaboration, is introduced aiming to facilitate the capture 

                                                             
4 http://cnx.org/ 
5 http://lemill.net/ 

of knowledge-in-action which spans both explicit and tacit 
knowledge types. The approach extends a combined rule 
and case-based knowledge acquisition technique known as 
Multiple Classification Ripple Down Rules to allow multi-
ple users to collaboratively view, define and refine a 
knowledge base over time and space. In a more applied 
context, [6] introduces the concept of wiki templates that 
allow end-users to define the structure and appearance of a 
wiki page in order to facilitate the authoring of structured 
wiki pages. Similarly the hybrid wiki approach [12] aims 
to solve the problem of using (semi-)structured data in 
wikis by means of page attributes. In our approach we 
apply the wiki paradigm to the creation and collaboration 
around (semi-)structured learning objects. 

III. CROWDLEARN CONCEPT 
We see the CrowdLearn concept as an application of 

crowd-sourcing techniques to the e-learning content crea-
tion, re-purpose and reuse. As shown in Figure 1, the 
concept is based on the following five strategies: 

A. Standard-compliance 
The costs associated with building high-quality e-

learning content are high. One solution to decrease the 
costs is to author structured and reusable e-learning con-
tent that can be repurposed in different ways. To facilitate 
this, it should be possible to migrate content between 
different Learning Management Systems (LMSs). Howev-
er, often content migration is not completely adequate and 
can thus result in loss of valuable content, meta-data or 
structure. Even if the transfer is possible, moving the con-
tent between systems can be more costly than just rede-
veloping that course in the new system. The strategy to 
overcome this challenge is the standard-compliance of 
both LMS and content. In that regard, we adopted the 
SCORM standard [1] and practical recommendations [2] 
and expanded the standard for the collaborative model. 

B. Semantic structuring 
Instead of dealing with large learning objects (often 

whole presentations or tests), we decompose them into 
fine-grained learning artifacts. Thus, rather than a large 
presentation, user will be able to edit, discuss and reuse 
individual slides; instead of a whole test she/he will be 
able to work on the level of individual questions. This 
concept efficiently facilitates the reuse and re-purpose of 
the learning objects. To implement the concept, we em-
ploy the WikiApp approach, as discussed in [15]. 

 
Figure 1.  CrowdLearn concept. 
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C. Reuse and re-purpose 
The benefits of reuse and repurposing are: (1) increas-

ing the cost efficiency of content creation, (2) increasing 
the quality of e-learning content and (3) supporting the 
evolution and adaptation to new requirements. To increase 
the economic efficiency of e-learning, content should be 
reused for a long period of time. Then, the development 
costs can be amortized over several years. However, the 
student expectations for higher quality e-learning experi-
ence increase, and new technology emerges so quickly 
that most courses need redeveloping every 3-4 year [8]. 
Instead of the full redevelopment, the content can slightly 
evolve. In that case the courses remain competitive with 
regard to the provisioning of high quality e-learning con-
tent. The possibility to reuse and re-purpose is crucial for 
the e-learning content evolution. Also, re-purposing al-
lows to increase the efficiency by teaching more learners 
with the same content. 

D. Crowd-sourcing 
There are already vast amounts of amateur and expert 

users which are collaborating and contributing on the 
Social Web. Harnessing the power of such crowds can 
significantly enhance and widen the distribution of e-
learning content. Crowd-sourcing as a distributed prob-
lem-solving and production model is defined to address 
this aspect of collective intelligence [7]. CrowdLearn as 
its main innovation combines the crowd-sourcing tech-
niques with the creation of highly-structured e-learning 
content. E-learning material when combined with crowd-
sourcing and collaborative social approaches can help to 
cultivate innovation by collecting and expressing (contra-
dicting) individual’s ideas. As Paulo Freire wrote in his 
1968 book Pedagogy of the Oppressed, ‘Education must 
begin with the solution of the teacher-student contradic-
tion, by reconciling the poles of the contradiction so that 
both are simultaneously teachers and students...’. There-
fore, crowd-sourcing in the domain of educational materi-
al not only increases the amount of e-learning content but 
also improves the quality of the content. 

E. Social networking 
The theoretical foundations for e-Learning 2.0 are 

drawn from social constructivism [19]. It is assumed that 
students learn as they work together to understand their 
experiences and create meaning. In this view, teachers are 
knowers who craft a curriculum to support a self-directed, 
collaborative search and discussion for meanings. Sup-
porting social networking activities in CrowdLearn ena-
bles students to proactively interact with each other to 
acquire knowledge. With the CrowdLearn concept we 
address the following social networking activities:  
• Users can follow individual learning objects as well 

as other users activities to receive notification mes-
sages about their updates.  

• Users can discuss the content of learning objects in a 
forum-like manner.  

• Users can share the learning objects within their so-
cial network websites such as Facebook, Google 
Plus, LinkedIn, etc.  

• Users can rate the available questions in terms of 
their difficulty.  

 

Besides increasing of the learning process quality, so-
cial activities improve the quality of the created learning 

material. Even when answering a quiz, users can contrib-
ute by analyzing the quality of the questions and making 
suggestions of how to improve them. Thus, the knowledge 
is being created not only explicitly by contributors, but 
also implicitly through discussions, answering the ques-
tions of assessment tests, or in other words through native 
learning activities. 

IV. CROWDLEARN IMPLEMENTATION 
We implement and evaluate the CrowdLearn concept 

with SlideWiki 6 – a web-based crowd-learning platform. 
SlideWiki deals with two types of (semi-)structured learn-
ing objects: slide presentations and assessment tests. 
SlideWiki follows our proposed WikiApp data model [13] 
to facilitate the creation, re-purpose and reuse of learning 
objects. Due to the space limit we do not elaborate on the 
WikiApp data model in the current paper and focus on the 
implementation details instead.  

In order to be able to evaluate the future implementa-
tion of the CrowdLearn concept we at first conducted a 
systematic literature study [18]. In the scope of the study 
we have included the research papers for the latest ten 
years addressing different aspects of collaborative author-
ing of educational content. During the research we have 
defined three main aspects of the collaborative aithoring: 
support of collaboration (1), support of content reuse and 
re-purpose (2) and support of social aspects (3). These 
three aspects include further issues (see Table I). In the 
study we collected and compared the approaches for solv-
ing the issues. In the current Section we discuss the 
SlideWiki solutions and implementation for the issues. 

A. Collaborative authoring of content and metadata 
SlideWiki employs an inline HTML5 based 

WYSIWYG (What-You-See-Is-What-You-Get) text edi-
tor for authoring the presentation slides  (cf. Figure 2, 
image 1). Using this approach, users will see the 
slideshow output at the same time as they are authoring 
their slides. The editor is implemented based on ALOHA 
editor7 extended with some additional features such as 
image manager, source manager, equation editor. The 
inline editor uses SVG images for drawing shapes on slide 
canvas. Editing SVG images is supported by SVG-edit8 
with some predefined shapes which are commonly used in 
presentations. For logical structuring of presentations, 
SlideWiki utilizes a tree structure in which users can ap-
pend new or existing slides/decks and drag & drop items 
for positioning. When creating presentation decks, users 
can assign appropriate tags as well as footer text, default 
theme/transition, abstract and additional meta-data to the 
deck. 

Revision control is natively supported by the WikiApp 
data model. We just define rules and restrictions to in-
crease the performance. There are different circumstances 
in SlideWiki for which new slide or deck revisions have to 
be created. For decks, however, the situation is slightly 
more complicated, since we wanted to avoid an uncon-
trolled proliferation of deck revisions. This would, how-
ever, happen due to the fact, that every change of a slide 
would also trigger the creation of a new deck revision for 
all  the  decks  the  slide is a part of.  Hence,  we  follow a  

                                                             
6 http://slidewiki.org 
7 http://aloha-editor.org/ 
8 http://code.google.com/p/svg-edit/ 
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TABLE I.   
IMPLEMENTATION OF THE DIFFERENT ASPECTS OF COLLABORATIVE EDUCATIONAL CONTENT AUTHORING IN SLIDEWIKI 

Category Feature Support in SlideWiki Approach (if supported) 

Support of col-
laboration 

Collaborative content authoring yes Wiki-based 

Collaborative metadata authoring yes Wiki-based 

Colaborative assessment items authoring yes Wiki-based 

Collaboration for quality assurance no - 

Collaborative content categorization partly Collaborative annotation 

Collaborative content personalization no - 

Collaborative content localization yes CoSMEC 

Support of reuse 
and re-purpose 

Advanced search no - 

Content remixing yes WikiApp 

Content organization/structuring yes WikiApp 

Support of social 
aspects 

Content negotiation yes Social networking 

User awareness yes Social networking 
Network building no - 
User engagement yes Digital badges 

 
more retentive strategy. We identified three situations 
which have to cause the creation of new revisions:  
• The user specifically requests to create a new deck 

revision.  
• The content of a deck is modified (e.g. slide order is 

changed, change in slides content, adding or deleting 
slides to/from the deck, replacing a deck content with 
new content, etc.) by a user which is neither the own-
er of a deck nor a member of the deck’s editor group.  

• The content of a deck is modified by the owner of a 
deck but the deck is used somewhere else.  

In addition, when creating a new deck revision, we al-
ways need to recursively spread the change into the parent 
decks and create new revisions for them if necessary. 
B. Collaborative authoring of assessment items 

SlideWiki supports the creation of questions and self-
assessment tests based on slide material. Each question 
has to be assigned to at least one slide. Important note 
here, that the question is assigned not to the slide revision, 
but to slide itself. Thus, when a new slide revision ap-
pears, it continues to include all the list of previously 
assigned questions. Questions can be combined into tests. 
The automatically created tests include the last question 
revisions from all the slides within the current deck revi-
sion. Manually created tests present a collection of chosen 
questions and currently cannot be manipulated as ob-
jects  (cf. fig:screenshot, image 2). Thus, in our implemen-
tation only questions and answers have to be placed under 
the version control. However, their structure is trivial and 
the logic of creating their new revisions is intuitive. We 
just restricted the number of new revisions to be created 
similarly with the decks: changes made by the question 
owner do not trigger a new revision creation. 

For now, only multiple-choice (and multiple-mark) 
question type is implemented, however in the future we 
plan to expand the list of supported types. To score the 
results the student (or the teacher) can choose one of five 

implemented algorithms, including our innovative bal-
anced scoring one [17] . 

Students can start a chosen test (manually created or au-
tomatically collected) in one of two possible modes: 
“learning” or “examination”. In learning mode student can 
ask to show the slide, to which the question is assigned to 
remind the material, or simply show the correct an-
swers  (cf. Figure 2, image 3). Thus, student should not 
spend time to find the material. However, after the user 
asked to show her/him either the slide or correct answers 
she/he will not get any points for the question. In exami-
nation mode these features are disabled. 

After choosing the mode the user can also set up the 
amount of questions (all, all the difficult or concrete 
amount) and the order to show them (random or increase 
the difficulty). As the amount of questions can differ for 
the same test, we show the test results as a percentage of 
the maximum points for exactly this selection of question. 

Our architecture allowed us to implement module-based 
scoring. Each module of the assessment test presents a 
sub-deck of the presentation and is scored individually. 
Then, all the “parent” modules are scored as a sum of 
“children” points and finally the whole test is scored as a 
sum of all the points for all the modules  (cf. Figure 2, 
image 4). 

C. Collaborative content categorization 
The issue of collaborative content categorization is well 

addressed by recent research in the field. In SlideWiki we 
implement a simple solution, namely social tagging. The 
users can add tags to slide decks and later search the con-
tent using tag clouds. In the future we plan to implement 
more sophisticated approaches, using for example: named 
entity recognition techniques and knowledge bases like 
DBpedia.  

D. Collaborative content localization 
The support of multilingual contentis implemented by 

adding  the translatedInto  and its  inverse translatedFrom  
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Figure 2.  Four screenshots of SlideWiki features. 1 - Tree structure of the presentation, inline WYSIWYG editor; 2 - Editing of a question and 

manual assigning to a test using lists; 3 - Question in learning mode with correct answers displayed; 4 - Module-based scoring of an assessment test. 

relations to the WikiApp data model. In order to provide 
the synchronisation of the content versions we introduce 
the paradigm of co-evolution of multilingual content, that 
means the ability to update a translation to the current 
state of the source object and vice versa. Details of the 
concept are presented in [16], in the current paper we 
briefly summarize the implementation of the concept in 
SlideWiki. 

The implementation of co-evolution of source object 
content and its translations supposes the implementation 
of three operations: initial translation, synchronization and 
merging of the revisions. In this subsection we describe an 
example implementation of these operations in SlideWiki. 

1) Translation.  
Our architecture allowed us to implement a semi-

automatic translation feature backed by the Google Trans-
late service. After the translation into one of 91 supported 
languages, the presentation can be edited (localized) inde-
pendently from the original one.  

2) Synchronization.  
To enable synchronization of original and translated 

versions, every further revision of translated objects inher-
its the link to the source revision (see v2.1, Figure 3). 

The users are able to compare v1.0 and v1.1 and decide, 
either they want to redo the translation (scenario 1 at Fig-
ure 3) or they want to update the content manually (sce-
nario 2). 

 

3) Merging the revisions.  
SlideWiki implements the revision control in accord-

ance with the WikiApp data model. However, we defined 
rules and restrictions to increase the performance. We 
wanted to avoid an uncontrolled proliferation of deck 
revisions. However, this would happen due to the fact that 
every change in a slide would also trigger the creation of a 
new deck revision for all the decks that slide is a part of. 
In addition, when creating a new deck revision, we always 
need to recursively spread the change into the parent 
decks and create new revisions for them if necessary. To 
deal with this issue, we introduced the content owner and 
member of editor group roles. If the changes are made by 
a user belonging to one of these two roles, the creation of 
a new deck revision is not triggered (the new slide revi-
sion however is created). As we allow the owner of a deck 
revision to change it without the creation of a new revi-
sion, it was an important issue whether we should allow 
the multiple translation of the same revision into the same 
language or not. We decided to allow it, however, this led 
to the situation that we would get several identical presen-
tations with content of bad quality, since it was translated 
automatically and not edited manually. However, we 
could not disable the multiple translations, because in that 
case it would be impossible for example to get translations 
of new slides if they were added by the owner. Thus, 
merging the revisions became the crucial operation, not 
only for merging back-translation with the source, but also 
for merging multiple translations in the same language.  
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Figure 3.  Two scenarios of content synchronization between translation and source: 1 - automatic; 2 - manual synchronization 

E. Content remixing and structuring 
The content remixing and structuring is supported by 

WikiApp data model. It adds some additional formalisms 
in order to make users as well as ownership, part-of and 
based-on relationships first-class citizens of the data mod-
el. A set of content objects connected by part-of relations 
can e manipulated in exactly the same manner as an indi-
vidual non-structured object. For example, users can copy 
and paste parts of a deck to multiple new decks, remove 
parts of their own deck versions, without raising conflicts 
between different content versions. 

F. Content negotiation and user awareness 
The content negotiation and user awareness aspects are 

implemented in SlideWiki based on social networking 
mechanisms. Each content object, i.e. slide, deck or ques-
tion,  has its own comments thread. The comments are 
copied from version to version together with the content 
they refer to. This allows the users to avoid discussing the 
same issues repeatedly.  

The user awareness is supported by the content follow-
ing and graphic notification systems. When a user follows 
a deck, she starts to be informed about all new versions of 
the deck, subdecks and individual slides it contains. When 
a user follows another user, she gets notified of all new 
content the other user creates. 

G. User engagement 
In order to motivate users to contribute to the SlideWiki 

content we use the gamification strategy, namely the digi-
tal badges. This strategy suggests that users who achieved 
a certain level in a certain activity gets a graphically repre-
sented prove of that, which can be shared through a num-
ber of channels. In SlideWiki the activities for which a 
badge can be granted include content contribution, content 
translation and self-assessment with multiple-choice tests.  

The content contribution activity is measured by a 
number of authored slides and the badges are granted 
when 100, 500 and 1000 slides are authored by the user. 
The content translation activity badge is granted when 
100, 500 or 1000 automatically translated slides were 
revised by a user. The self-assessment activity badge does 
not have a gradation and is granted when a user achieves 
100% of correct answers in a test with more than 10 ques-
tions not authored by the user. All badges are accompa-

nyed by metadata, which shows all necessary details about 
the badge: the platform issued it (in our case SlideWiki), 
the criteria for issue, the date of issue, a link to the prove 
if possible. To manage and store the badges we provide 
the export of them into Mozila Backpack9. Using the 
backpack users can revise the badges achieved and export 
it to a number of social networking platforms supporting 
digital badges. One of those platforms is SlideWiki itself, 
where the badges can be shown in the user profile, when 
chosen to do so in the backpack. 

V. EVALUATION 
To evaluate the real-life usability of SlideWiki, we used 

it for accompanying an information systems lecture at 
Chemnitz Technical University. We structured the slides 
within the lecture series and added questions for student 
self-assessment before the final exam. We informed them 
about the different e-learning features of SlideWiki, in 
particular, how to prepare for the exam using SlideWiki. 
The experiment was not obligatory but students actively 
contributed by creating additional questions and fixing 
mistakes. The experiment was announced to 30 students 
of the second year and 28 of them registered at SlideWiki. 

The students were working with SlideWiki for several 
weeks, and we collected the statistics for that period. Dur-
ing that period, they created 252 new slide revisions 
which some of them were totally new slides, others were 
improved versions of the original lecture slides. Originally 
the whole course had 130 questions, and students changed 
13 of them, fixing the typos or adding additional distrac-
tors to multiple choice questions. In total, students per-
formed 287 self-assessment tests. The majority of these 
used the automatically and randomly created tests cover-
ing the whole course material. 20 tests included only diffi-
cult questions, 2 asked to show the questions with increas-
ing difficulty. This showed us that the students liked the 
diversity of test organization. Students also liked the pos-
sibility to limit the number of questions – 80 attempts 
were made with such a setting. 8 students reached the 
100% result for the whole course. On average, it took 
them 6 attempts before they succeeded. 

After the experiment we can claim, that more active 
SlideWiki users received better marks on the real exami-

                                                             
9 https://backpack.openbadges.org/ 
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nation. It shows that SlideWiki not only allows students to 
prepare for the examinations, but also engages them in 
active participation that helps to improve the quality of the 
learning.  

Another important aspect we wanted to evaluate is how 
actively will the students use the multilinguality support of 
SlideWiki. In order to do this we collected statistics on the 
usage of the translation tool as well as statistics on the 
multilingual content it produced.  

Figure 4 presents the distribution between original and 
translated versions in relation to the total number of con-
tent objects. As the WikiApp data model does not enable 
deletion or update of the content, the graphs can be 
viewed as time trends. The blue line shows an example 
moment in time, when the SlideWiki database consisted of 
16321 slides overall. The graphic shows that 78% of the 
slides at the moment were in their original language, 22% 
were translations and 5% of total number of slides were 
revised after translation. At the same moment, about 35% 
of decks were translations. Thus, the percentage of trans-
lated decks increases faster than the same for slides. This 
means that the presentations consisting of less than aver-
age number of slides are being translated more often. This 
can be due to the fact that users want to try the feature 
before using it on large decks. However, the assumption 
needs further investigation. 

According to the statistics, the percentage of content 
created by translation has a strongly increasing trend. We 

predict the percentage of translations will soon prevail 
over the percentage of source objects. From one perspec-
tive, the prevalence means decreasing the production costs 
and a large diversity of languages available. However, 
from another perspective, it causes the reduction of aver-
age content quality, as refining the translation needs time 
and human resources. This is illustrated by the decreasing 
percentage of revised slides in compartment with translat-
ed ones. The solution is in additional user motivation to 
put effort in refining the concrete translations according to 
their knowledge in both domain and languages. 

The diagrams on the Figure 5 show the language distri-
butions for decks, slides and visitors (according to Google 
analytics). Only unique visitors are counted. Due to its 
large percentage, we excluded English language from the 
resulting diagrams to increase readability. The statistics 
show the visible correlation between number of content 
objects available in a concrete language and number of 
visitors speaking the language (for the most of languages). 
The results look promising, as they prove the involvment 
of non- English-speakers into the global e-learning com-
munity activity. Especially promising is the fact that more 
than 13% of overall visitors belong to developing coun-
tries and regions (mostly Eastern Europe and Russia, Tur-
key, Arabic-speaking countries, Thailand). We believe 
that this percentage will grow with increasing the popular-
ity of the source. 

 
Figure 4.  Percentage distribution between original and translated versions vs. total number of content objects for slides and decks. Blue line shows 

an example time moment, discussed in the paragraph above 

 
Figure 5.  Distribution of languages for content objects and new visitors 
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VI. CONCLUSIONS AND FUTURE WORK 
In this paper we presented the CrowdLearn concept 

that applies collaborative authoring and crowd-sourcing 
techniques to the creation of (semi-) structured e-
learning content. The concept is based on the SCORM 
concepts and uses the novel WikiApp data model to 
organize the content closely aligned with the standard. 
We implemented and evaluated the concept with 
SlideWiki – a social web e-learning application target-
ing slide presentations and e-assessments. While the 
evaluation results were promising, we still need to ex-
tend the concept in the future to address the require-
ments requested by users. 

Beside the usability improvements, our first direction 
for future work is to implement a completely SCORM-
compliant LMS and authoring tool, based on the 
SlideWiki. This will allow us to exchange the content 
with other SCORM-compliant LMSs.  

In a real e-learning scenario, learners come from dif-
ferent  environments, have different ages and educa-
tional backgrounds. These heterogeneities in user pro-
files are crucial to be addressed when enhancing the 
CrowdLearn concept. New approaches should provide 
the possibility to personalize the learning process. Thus, 
our second direction is providing the personalized con-
tent based on initial user assessments. The third direc-
tion for the future work is to support the annotation of 
learning objects using standard metadata schemes. We 
aim to implement the LRMI10 metadata schemes to 
facilitate end-user search and discovery of educational 
resources. 
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