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Abstract— Learning Objects facilitate reuse leading to cost
and time savings as well as to the enhancement of the quality of
educational resources. However, teachers find it difficult to
create or to find high quality Learning Objects, and the ones they
find need to be customized. Teachers can overcome this problem
using suitable authoring systems that enable them to create high
quality Learning Objects with little effort. This paper presents an
open source online e-Learning authoring tool called ViSH Editor
together with four novel interactive Learning Objects that can be
created with it: Flashcards, Virtual Tours, Enriched Videos and
Interactive Presentations. All these Learning Objects are created
as web applications, which can be accessed via mobile devices.
Besides, they can be exported to SCORM including their
metadata in IEEE LOM format. All of them are described in the
paper including an example of each. This approach for creating
Learning Objects was validated through two evaluations: a
survey among authors and a formal quality evaluation of 209
Learning Objects created with the tool. The results show that
ViSH Editor facilitates educators the creation of high quality
Learning Objects.
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L INTRODUCTION

Educational technologies provide educators with alternative
ways of presenting material, engaging students and improving
academic performance. The adoption and evolution of this type
of technologies have boosted the use of technology enhanced
learning (TEL) in many levels of education. Learning Objects
(LOs) are acquiring increasing relevance since they are
becoming the building blocks of TEL. LOs facilitate reuse and
interoperability [1] leading to minimization of production cost,
time saving and quality enhancement of digital learning
experiences [2]. The multiple benefits of using LOs have been
exposed by several empirical researches ([3], [4], [5], [6], [7])
that have examined their instructional effectiveness and
learning outcomes across different educational environments.

There are still two main barriers preventing more extensive
and effective use of these objects. First, teachers find it difficult
to create high quality LOs [8], and second, they also have
difficulties to locate high quality LOs, and the ones they end up
finding usually need to be customized to be adapted to their
needs [9]. A teacher can search on an educational repository
and find an outstanding LO, but if it is too difficult or easy for
their students or if it is in a language they cannot understand,
its effectiveness to support learning might be drastically

reduced. To mitigate the searching problem, Learning Object
Repositories (LORs) use ranking metrics and sorting
algorithms to order the search results ([10], [11], [12]). Another
approach to help educators to find suitable resources is the use
of LO recommender systems ([13], [14]). However, these
solutions by themselves are insufficient to generalize the use of
LOs since educators are limited to the resources stored in the
repositories and their content cannot be customized.

A more powerful solution to effectively help teachers to
overcome these barriers is the use of e-Learning authoring
tools. These applications allow to create high quality LOs with
little effort and low cost, without requiring authors any
knowledge about programming. Besides the creation of custom
content, authoring tools also allow to repurpose and adapt
existing contents. However, not all authoring tools are equally
effective. The success or failure of this approach will depend
on two key factors. Firstly, on the extent to which the intended
authors find the authoring tool easy to use, and secondly, on the
quality as educational resources of the created LOs.

This paper presents an open source online e-Learning
authoring tool called ViSH Editor, which allows to create four
novel interactive web LOs: Flashcards, Virtual Tours,
Enriched Videos and Interactive Presentations. These LOs are
also explained including an example of each of them. Both the
authoring tool and the created LOs are available online through
the Virtual Science Hub (http://vishub.org) [15], an open
source e-Learning platform developed as part of the GLOBAL
excursion European project. Since the platform's launch one
year and a half ago, many teachers have used the tool and
hundreds of LOs have been created and used in different
educational settings.

This approach for creating LOs has been validated through
two evaluations. Firstly, a survey was conducted to collect
authors’ feedback. Secondly, a total of 209 LOs created with
ViSH Editor were evaluated using LORI [16], a formal LO
evaluation model. The results of the evaluations show that
ViSH Editor facilitates the creation of high quality LOs.

The rest of the paper is organized as follows. The next
section reviews related work of authoring tools as well as LOs.
Section 3 provides an overview of the ViSH Editor authoring
tool. Section 4 explains each of the four aforementioned LOs.
Section 5 shows the results of the evaluations carried out.
Finally, section 6 finishes with some conclusions together with
an outlook on future work.



II.  RELATED WORK

An e-Learning authoring tool can be defined as an
application that enables authors to create complete educational
resources (or courseware) by integrating and linking together
different objects (such as a paragraph of text or a picture) and
custom content generated by them. Authors can define the
relationships among the objects and customize their
sequencing. Most authoring systems also make possible to
repurpose and adapt existing resources. These systems are
usually designed to be simple, easy to use and suitable for users
with low computer skills. Thereby, e-Learning authoring tools
allow educators without programming knowledge to engage in
educational software development. Nevertheless, some of these
tools also support programming languages to generate more
sophisticated applications. Other similar definitions of the term
can be found in [17], [18], [19] and [20].

The key benefits of authoring tools for creating educational
resources are cost and time saving. Most educational
institutions cannot afford the development of custom
applications, and therefore these tools play a vital role in the
creation and spreading of educational software. It is worth
pointing out that authoring systems can facilitate authors to
create high quality educational resources, but they do not
guarantee it [18]. Even the perfect authoring tool would
produce poor courseware if the author lacks the necessary
knowledge or does not create the courseware following basic
educational principles. Nevertheless, we can affirm that
authoring systems are able to significantly improve the levels
of accessibility, reusability and interoperability, since the
produced resources usually can be exported or are built
conforming to some e-Learning standard such as SCORM [21]
or TIN CAN API [22] and also they can be delivered ready to
be visualized through multiple devices such as mobile phones
or tablets. Summarizing, the aim any authoring tool should try
to achieve is to be easy of use and facilitate the creation of high
quality products [23].

Several studies have addressed the question of what criteria
should be used to classify authoring tools [23] and to choose
one based on the author’s particular needs ([24], [25], [26]).
Despite there is a lack of a universally recognized authoring
tools classification system, some criteria can be used to
characterize them. The most important one is the type of
educational resource that can be created with the tool.
Authoring tools can be used to create quizzes (e.g. Articulate
Quizmaker [27]), presentations (e.g. Microsoft PowerPoint
[28]), intelligent tutoring systems (e.g. REDEEM  [29]),
educational games (e.g. SGAME [30]) or even full e-Learning
courses (e.g. Easy generator [31]). Other aspects that should be
taken into account to choose an authoring tool are among
others: platform support, media and files type support,
automated programming, ease of use and creative freedom,
support for assessment questions, interoperability of the created
resources, extensibility and its cost and license. Another issue
that has been tackled is how to compare different authoring
tools. To do that, Preclik [18] established three criteria: power
(what can be realized in the system), productivity (how much
of the output can create the author per one unit of time) and
ease of use (how long the author must learn how to work with
the system).

Modern e-Learning authoring tools are increasingly relying
more onthe LO approach, focusing on increase the reuse
capability of their resources. Examples of this are, among
others, Reload [32], LOC [33], GLO Maker [34], LO Creator
[35] and Educaplay [36]. Significant discussion has been
devoted to establishing a universally accepted definition of
LOs across the last years [37], however, consensus has not
been reached yet. LOs are defined in this paper as “reusable
digital resources tagged with metadata that are self-contained
and that can be used for education”. This definition is based on
previous approaches to define LOs ([37], [38], [39], [40]). The
potential of a LO for reuse increases as its size or granularity
decreases [41], thereby they should be sufficiently large to be
of educational value but also be small enough to be effectively
reused [42]. LOs can be combined among them to build more
complex ones forming a hierarchy. These LOs are known as
granular LOs and the different hierarchy levels are called
aggregation or granularity levels. LO models define these
levels of granularity and specify how the components can be
aggregated as well as the properties of these components [43].
LOs are tagged with metadata, where a description of the
object is provided to improve their reusability, interoperability
and discoverability. The most used LO metadata standards are
Dublin Core [44] and IEEE LOM [45]. The LOM (Learning
Object Metadata) standard allows to define application profiles
(e.g. CanCore [46]) to refine the original specification to make
it more suitable for its application by a particular community.

III.  AUTHORING TOOL

ViSH Editor is a web-based e-Learning authoring tool that
aims to facilitate the creation of high quality multi-device LOs.
It is open source and the code is available at
http://github.com/ging/vish_editor.

Fig. 1 shows the LO model followed by ViSH Editor,
which defines four levels of granularity. This structure is quite
similar to the one defined by the LOM standard [45] but with a
few differences.

o The first level, which corresponds to the most granular
or atomic level, includes raw media files like images,
audios, videos or flash objects and single elements such
as paragraphs of text, documents or websites. More
sophisticated elements such as quizzes or web
applications (e.g. SCORM packages) belong to the first
level too.

Interactive Presentation

Slideset

Text Image

Video Quiz

Fig. 1. Learning Object Model of ViSH Editor



e The second level covers only one LO called “slide” that
consists of a collection of level 1 LOs.

e The third level includes any LO that is built as a
composition of level 2 LOs (i.e. “slides”). These LOs
are identified under the name of “slidesets”. Flashcards,
Virtual Tours and Enriched Videos are examples of
slidesets.

e Finally, the fourth level corresponds to the Interactive
Presentation LO. An Interactive Presentation can
contain level 3 LOs or directly a slide without using a
slideset as a wrapper. Nevertheless, it cannot contain
other Interactive Presentation (although it can contain
their elements). These are the main differences with
respect to the LOM specification.

The whole architecture of the system is composed by two
main components: the viewer and the editor. The viewer is a
fully client-side web application called ViSH Viewer [47] that
allows users to view and interact with the created LOs. It is
based on HTMLS5 [48], the new standard for the web. For this
reason, any device with a HTMLS5 compatible web browser can
run the tool and view the LOs without any installation being
needed. The editor (i.e. ViSH Editor), is the web-based
authoring tool where the authors create and edit the LOs.
It is composed by two components: the client and the server
backend. The client is a HTMLS5 web application that provides
the user interface and most of the features of the editor. The
server backend provides functionalities such as file uploading,
file conversion (e.g. video, PDF), exporting and storing. An
API has been defined to communicate the ViSH Editor client
and the server. So, the tool is not tied to any specific backend
technology, in fact, currently there are two different
implementations of the server backend, one in Ruby on Rails
and another one in Node.js. Moreover, ViSH Editor has an
integration API to facilitate its integration and/or connection
with LORs, allowing its use in different environments.

ViSH Editor is based on the WYSIWYG (What You See Is
What You Get) paradigm and provides a usable and user
friendly interface. It is internationalized and supports several
languages such as English, Spanish, French and German. To
create a LO, authors can insert many types of resources (e.g.
images, videos, documents, websites, SCORM packages, etc.)
via its URL, uploading them or by searching on different
educational repositories and content providers such as Flickr,
YouTube, SoundCloud or the LRE (Learning Resource
Exchange) [49]. Besides adding resources, authors can type
text and create several types of quizzes. ViSH Editor also
facilitates authors to fill the metadata of the LOs. All LOs
created by ViSH Editor and their metadata are saved in JSON
format. However, the LOs can be exported to SCORM and
their metadata can be retrieved in IEEE LOM facilitating their
integration in Learning Management Systems. More details
about ViSH Editor can be found in previous publications [50].

To this day, there is a public instance of ViSH Editor
accessible through an e-Learning platform called Virtual
Science Hub (ViSH, http://vishub.org) [15]. ViSH is
fundamentally formed by a social network that aims to foster
communication among teachers and scientists, a LOR that
provides innovative educational resources, a videoconference

service to perform virtual visits to scientific centers, and the
ViSH Editor authoring tool that allows ViSH users to create
and publish LOs. Both ViSH and ViSH Editor have been
developed as part of the GLOBAL excursion European project.

IV. LEARNING OBJECTS

The current version of ViSH Editor allows to create four
different LOs: Flashcards, Virtual Tours, Enriched Videos and
Interactive Presentations. The first three are slidesets since they
belong to the third aggregation level of the LO model. On the
other hand, Interactive Presentations belongs to the fourth
level, and that implies that they can incorporate slidesets. ViSH
Editor has been designed to be easy to extend with modules to
create new slidesets. The inclusion of a new slideset, taken into
account the LO model, not only increases the variety of
educational resources that can be built, but also allows to
enrich existing Interactive Presentations. All these LOs are
provided as HTMLS applications and can be accessed from
mobile devices. Moreover, they can be exported to SCORM
(including their metadata in IEEE LOM format) and thus
integrated in Learning Management Systems such as Moodle
or Blackboard. The following sections describe each of these
LOs, including an example of each. All the provided examples
can be found in the ViSH repository.

A. Flashcards

Flashcards are resources presented as an image background
with 'hot zones' identified by animated arrows on which the
student can click to see additional contents that the teacher has
previously linked. The additional contents are displayed in the
form of slides. Thus, Flashcards link areas or Cartesian
coordinates with slides. Authors can create the slides
combining elements of the first aggregation level such as text,
pictures, videos, quizzes, websites or web applications.
Flashcards are very useful to mark different parts of
infographics and provide extra information related with each of
them. They can be used to explain the different parts of a
microscope or the elements of an electronic circuit. An
example of a Flashcard about the earth layers is displayed in
Fig. 2. In this example, when students click on an arrow, a slide
is displayed showing information about the pointed out earth
layer. In the case of the crust, the slide contains a detailed
explanation together with a video (Fig. 3).

Fig. 2. Earth Layers Flashcard



Crust

In geology, the crust is the outermost
solid shell of a rocky planet or natural
satelite, which is chemicaly distinct
from the underlying mantle. The crusts
of Earth,

our Moon Mercury, Venus, Mars, lo,
and other planetary bodies have been
generated largely

by igneous processes, and these
crusts are richer in incompatible
elements than their respective manties

Fig. 3. Earth Layers Flashcard: The crust

B. Virtual Tours

Virtual Tours are similar to Flashcards, but instead of being
presented as static background images, they are presented as
interactive maps where the 'hot zones' are places identified by
map pins. This way, when the students select a map pin, they
will see additional contents (i.e. slides) related to that location.
Thus, Virtual Tours link geographic coordinates with slides.
When creating a Virtual Tour, authors can search for addresses
by typing into a search box. Besides adding map pins to
locations and linking slides to them, authors can set the type of
the map (satellite, terrestrial or road map), the zoom and the
map area that will be displayed. Google Maps is used as map
provider to build these LOs. The uses of Virtual Tours are quite
varied. For instance, they have been used in geology classes to
create maps indicating the major mineral deposits, and in
biology classes to create virtual excursions to natural parks.
Another example of a Virtual Tour, in this case used to teach
history, can be found in Fig. 4. It consists of a map with pins on
the location of the main rural Roman villas in Spain. When
students click on the location of one of these Roman villas, a
slide is displayed showing the name of the villa and a couple of
pictures (Fig. 5).
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C. Enriched Videos

Enriched Videos are videos augmented with other resources
(e.g. quizzes, images, websites, etc.), which can be selected and
customized by the author, and that can be displayed
automatically when the video reaches a specific point of time
or when the student requests one of them explicitly by selecting
it in the progress bar or in a side menu. Optionally, Enriched
Videos can also have chapters. The resources are represented
through balls in the video progress bar while the chapters are
represented with lines. Both resources and chapters may have
an associated entry in the side menu. When students are
watching an Enriched Video and the video reaches a point of
time with a linked resource, the video will stopped and a new
slide will appear showing the associated contents. When
students close the slide or, in the case that the contents include
some activity like a quiz, when they finish it, the video will
resume automatically. Students can also select a specific
content or jump to a specific point of time by clicking in the
different entries of the side menu. Summarizing, Enriched
Videos allow to link timestamps with slides. Although these
LOs are generally built upon videos, they can also be built with
audio files, allowing for instance, the creation of enriched
audio podcasts. The only difference is that, in this case, the
timestamps belong to an audio resource instead of a video.
Authors can use both HTMLS and YouTube videos to create
Enriched Videos. Another possibility that authors have is to
upload their own videos (or audios) to the server backend to be
converted to HTMLS compliant formats. The use of HTML5
media elements makes possible to ensure the accessibility from
mobile devices. Enriched Videos have been designed with
MOOCs (Massive Open Online Courses) [51] in mind. In this
approach, they can be very useful since they enable to enrich
video lectures with quizzes and to automatically track students’
progress. Fig. 6 shows an Enriched Video used in a HTML5
MOOC offered by the Universidad Politécnica de Madrid. In
this example, several quizzes are triggered on different
moments of the video to check if the student has correctly
understood the concepts explained in the video lecture.
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GET es un comando para traer paginas Web a un
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POST es un comando para editar recursos en un
servidor,

PUT es un comando para crear recursos en un
servidor.

DELETE es un comando para borrar recursos en un
servidor.

Fig. 6. Enriched Video used in a HTML5 MOOC

D. Interactive Presentations

Interactive Presentations are series of slides displayed in a
certain sequence, where each of these slides can be created by
the author using different types of resources (text, multimedia,
websites, SCORM packages, flash objects, quizzes, PDF files,
etc.) including the Flashcards, Virtual Tours and Enriched
Videos presented above. In other words, any element of the
ViSH Editor Learning Object Model (Fig. 1) can be included.
Thereby, a slide of an Interactive Presentation may display a
slideset (third aggregation level) or a “slide” LO (second
aggregation level). In general, students view the slides in
sequential order and navigate through them using arrows, but
authors can define links to connect one slide to another creating
this way different learning paths. So, Interactive Presentations
link slidesets and slides together to build static or adaptive LO
sequences. Besides creating slides from scratch, authors can
import PDF slideshows, SCORM packages, quizzes (e.g. from
files in Moodle XML format) and also LOs of other Interactive
Presentations fostering their reuse. This is the start LO of the
ViSH repository, where it has been renamed as Virtual
Excursion. There are hundreds of these LOs public available on
the ViSH, covering a lot of topics such as computer science,
software engineering, technology, maths, physics, biology,
natural sciences, foreign languages or chemistry. Interactive
Presentations have been found useful to enrich existing
educational resources producing this way LOs with higher
quality. For instance, some teachers have created high quality

LOs by using interactive simulations (e.g. PhET creative
commons simulations [52]) together with a series of activities
and quizzes related to them. Other remarkable components that
have been used to create LOs are the e-Infrastructure resources.
These resources are one of the exclusive characteristics of
ViSH and are offered by e-Infrastructure providers, which are
partners of the GLOBAL excursion project. An example of an
e-Infrastructure resource can be a webcam of a natural park, a
microscope, or a pulley of a remote physics laboratory. The
screenshots of Fig. 7 correspond to an Interactive Presentation
that uses one of these resources, a pendulum provided by the
remote physics laboratory of the Institute for Biocomputation
and Physics of Complex Systems, located in Zaragoza, Spain.
The presentation begins with an explanation of the main
physics concepts related to the simple pendulum, including all
the information and mathematical formulas required to perform
the future activities. Some solved exercises are also included.
Then, students have to answer several quizzes and do some
exercises related to the contents previously explained. After
that, a practice is described, in which the students have to
perform an experiment using the real pendulum and compare
their theoretical calculations with the measurements obtained
from the real system. Besides the real pendulum, the
presentation also includes a pendulum simulation provided by
PhET. This is very useful if there are not enough real
pendulums for all students or to compare the results of the
same experiments using a real and a virtual pendulum. Lastly,
Fig. 8 shows a screenshot of ViSH Editor when editing this
Interactive Presentation.

Practica Péndulo - Enunciado

Para la realizacion de esta practica vamos a suponer que se trata de un péndulo simple, y que se
puede aplicar la aproximaclén de oscllaciones de pequena amplitud

1. Utiliza la regla virtual de 65 cm para medir la longitud L del pénduo,

2. Fija el angulo inicial a ¢0 = 10°, coloca el péndulo en posicion (boton Preparar) y después inicia el
experimento (boton Lanzar)

3. Observando el movimiento del péndulo, calcula el periodo real To con la ayuda de un cronometro.

Mide varlas veces durante varios periodos para disminuir el error. Puedes construir una tabla como la
siguiente:

t(s) [N oscilaciones]

=
B

4. Calcula el periodo teérico T+, a partir de la longitud L medida en el apartado 1y considerando una
gravedad de g = 9,81 (mis?).

5. Compara y discute los valores de To Y Ty. ¢ Por que crees que son diferentes?

Avanza a la siguiente diapositiva para acceder al pendulo

@

~
3
&
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)
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Fig. 7. Interactive Presentation: Introduction to the Simple Pendulum
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Fig. 8. User Interface of ViSH Editor

V. EVALUATION

The success of this approach for creating LOs will depend
on two main factors: the usability of the authoring tool and the
quality as educational resources of the created LOs.

A. Authoring Tool Evaluation

To evaluate the ViSH Editor authoring tool, a 13 questions
survey was conducted to collect authors’ feedback on overall
opinion, usability and proposed changes among others. ViSH
Editor has been used by different types of author: primary and
secondary school teachers, lecturers, researchers, student
teachers and even high school students and undergraduates.
With the aim of evaluating the tool for teachers, students and
undergraduates were excluded from the study. An email with
the online survey link was sent on December 2013 to all ViSH
teachers (as well as student teachers) that had created and
published at least one LO in the ViSH platform during the last
three months. A total of 67 surveys were collected. The sample
consisted of 67 teachers, 34 males (50.7%) and 33 females
(49.3%), 19 to 65 years of age (M =35.9, SD = 13.1).

Survey results show that 29.9% of the authors who filled
the survey had an “Excellent” overall opinion of ViSH Editor,
61.2% “Good”, 7.5% “Neutral”, 1.5% “Bad” and that nobody
had an “Awful” opinion. The perceived usability was obtained
from the question “How would you describe the experience of
learning to use ViSH Editor?” in which authors answered on a
scale from 1 to 5 with 1 being “very difficult” and 5 being
“very easy”. This question recorded a mean of 4.2 and a
standard deviation of 0.8 (M = 4.2, SD = 0.8), showing that
authors found ViSH Editor easy to use.

Respondents were also asked about their overall experience
when creating the different LOs. They answered this question
on a scale from 1 to 5 with 1 being “Awful” and 5 being
“Excellent”. Table I summarizes the results. All creation tasks
obtained an overall experience rating higher than 4 out of 5
with low standard deviation. No significant differences were
found on the authors overall experience when performing the
different creation tasks.

TABLE L AUTHOR'S OVERALL EXPERIENCE RATING
Task M SD
Creation of Flashcards 4.1 1.1
Creation of Virtual Tours 4.2 0.9
Creation of Enriched Videos 42 0.7
Creation of Interactive Presentations 42 0.4

B. Learning Objects Evaluation

To evaluate the quality of the LOs created with ViSH
Editor, we used a formal LO evaluation model called LORI
(Learning Object Review Instrument) [16]. LORI is one of the
better known LO evaluation models and has been tested in a
few studies ([53], [54]), which have shown that it can be used to
reliably assess some aspects of LOs. We used the version 1.5
of LORI, which defines 9 items for LO evaluation related to
the following criteria: Content Quality (item 1), Learning Goal
Alignment (2), Feedback and Adaptation (3), Motivation (4),
Presentation Design (5), Interaction Usability (6), Accessibility
(7), Reusability (8), and Standards Compliance (9). Reviewers
have to rate each item using a 5-point scale and also they can
provide comments with their reviews. A total of 209 Interactive
Presentations were evaluated by 15 reviewers using an online
version of LORI, generating a total amount of 740 evaluations.
The group of reviewers was composed by 4 e-Learning
professionals, 9 educators and 2 designers. Each LO was
evaluated by at least 3 reviewers. A “LORI Weighted
Arithmetic Mean metric” was used as quality metric. This
metric calculates the score of a LO as the weighted arithmetic
mean of all LORI items scores, giving different importance to
each criteria. The set of weights for the different criteria were
obtained through a survey among the reviewers obtaining the
following result: W;=0.1724, W,=0.1207, W3=0.1138,
W,=0.1414, W5=0.1379, W¢=0.1034, W-,=0.0655, W=0.0759,
Wo=0.069, where W; corresponds to the weight of the LORI
item 1. The equation that calculates the LO score takes an input
score vector {i,...,ig}, being i; the score of the LORI item i in a
scale from 1 to 5, and yields a single real value in a scale from
0 to 10 according to the following expression:

9
5
sl i) = 5 X ZWi x (i — 1), s((i}) € [0,10]
9 et %))
where Z W; =1 and W; 20vie({l,..,9}

=1

When using this quality metric, a score value of 5 may be used
as threshold value to reliably distinguish between low and high
quality LOs [55]. That implies that LOs scored higher than 5
can be considered of enough quality to be used for education.

Based on this quality metric, four groups of Interactive
Presentations were compared (see Table II). The first group
was formed by presentations that include Flashcards (M = 7.0,
SD = 1.3), the second one by presentations that include Virtual
Tours (M = 6.7, SD = 0.7), the third one by presentations that
include Enriched Videos (M = 7.6, SD = 0.8), and the last
group includes all the evaluated LOs (M = 6.0, SD = 1.6).



TABLE II AVERAGE QUALITY SCORE OF VISH EDITOR LOS

. . Quality Score
Learning Objects
M SD
Presentations with Flashcards 7.0 1.3
Presentations with Virtual Tours 6.7 0.7
Presentations with Enriched Videos 7.6 0.8
All Interactive Presentations 6.0 1.6

These results show that presentations with slidesets tend to
have higher quality. The Flashcard group recorded an average
quality score 16.3% higher than the general group. The same
occurs with the Virtual Tour group (11.5%) and the Enriched
Video group (26.5%). The average quality recorded by the
general group was 6.0. Given that this score exceeds the quality
threshold of 5, we can affirm that on average the LOs
generated through ViSH Editor have good quality. However, a
standard deviation value of 1.6 denotes that exist a significant
quality difference among the evaluated LOs. The analysis of
the quality score distribution among the LOs confirmed this
fact. In this study the maximum scored achieved by a LO was
9.34 and the minimum was 0.26. These empirical evidences
reinforce the idea that authoring tools can facilitate the creation
of high quality LOs, but they cannot guarantee it.

Finally, a general ViSH survey was conducted among all
ViSH users in January 2014. In this case, the sample consisted
of 97 users and no demographic data were provided. In one of
the survey questions users were asked to rate the usefulness as
educational resources of the different LOs that can be created
with ViSH Editor using a scale from 1 to 5 with 1 being “Not
Useful” and 5 being “Very Useful”. Table III shows the results
of this question. All LOs were rated higher than 4 out of 5 with
low standard deviations.

TABLE III PERCEIVED USEFULNESS AS EDUCATIONAL RESOURCES
OF VISH EDITOR LOS
Learning Objects M SD
Flashcards 43 0.8
Virtual Tours 44 0.7
Enriched Videos 4.5 0.7
Interactive Presentations 4.6 0.6

VI. CONCLUSIONS AND FUTURE WORK

This paper presents an open source online e-Learning
authoring tool for creating interactive multi-device LOs. Four
distinct LOs have been described: Flashcards, Virtual Tours,
Enriched Videos and Interactive Presentations, including their
possible uses in educational settings and an example of each.
All these LOs are web applications that can be accessed via
mobile devices. Besides, they can be exported to SCORM
including their metadata in IEEE LOM format. This approach
for creating LOs was validated through two evaluations: a
survey among authors and a formal quality evaluation of a set
of 209 LOs created with the tool. The results show that ViSH
Editor facilitates educators the creation of high quality LOs.

The work exposed in this paper show that educators can
create high quality courseware in a cost-effective way if they
have the suitable authoring systems. To be successful, these
systems need to be easy to use and able to generate quality
outputs with little effort. Nevertheless, there is no authoring
tool that can guarantee that the educational resources it creates
have a high quality, although they can help to make this
happen.

Another finding of this study is that educational resources
that include interactive LOs like Flashcards, Virtual Tours or
Enriched Videos, tend to have higher quality. Thus, more work
should be done to facilitate the creation and reuse of new LOs
of that type. For this reason, we plan to extend ViSH Editor
with new modules to allow the creation of new LOs such as 3D
Flashcards or augmented reality resources. Further research
is also recommended into LO quality indicators as well as
instructional strategies to use LOs.
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