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Abstract
Nowadays, Cloud computing has become essential support for online education. Growth and interest in the massive open online courses (MOOCs) hosted on cloud, as well as the large number of
students with own device (BYOD) set a favorable scenario for a new model of cooperation and interaction for online education. In this paper we present the results of collaborative work in the
cloud, using Google Apps services and MOOCs, in conducting laboratory reports for the subjects of
chemistry, and based on this experience we propose an architecture for platforms e-learning and
mechanisms for collaborative work in cloud applied to the laboratories.
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1. Introduction
Today’s students are immersed in technology and see it as an essential tool for learning because they use a variety of strategies to collect and sort data, to communicate and collaborate with their peers. According to
(Conole & Unido, 2013), effective learning is that which:
• Encourages reflection;
• Allows dialogue;
• Promotes collaboration;
• Applies the theory learned into practice;
• Creates a community of peers;
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• Allows creativity;
• Motivates students.
Technology offers many ways in which these features can be developed through interaction, using multimedia,
and communication and collaboration with colleagues. Therefore, as a result, technologies can be used to promote various pedagogical approaches and improve learning.
The new models of e-learning can draw on the experience of existing technologies like MOOCs and cloud
computing to adopt a forward-thinking approach, in order to employ a new implantation strategy, publication
and platform use, at the service of education.
Online collaboration allows the collection of data for the comparison, discussion, analysis and feedback of
knowledge among students, being an effective way to obtain experimental data that demonstrates the power of
technology in group projects which generate reports of its practices.
Furthermore, laboratory practices in chemistry for teachers have difficulties with the individualized follow-up
of a large group of students, adding to it, other relatively influential factors as: the short time for the realization
of the practice, reactants, equipment, materials and required technical information. It is then pertinent that
teachers provide a collaborative and guided direction to students at every stage of the of the laboratory procedures, especially in preparing the report of the practice, using IT tools to monitor and assess the work of students
team. As mentioned (Barkley, 2007) “collaborative learning occurs when students and teachers work together to
create knowledge… It is pedagogy which imparts the basis that people create meaning together and that the
process enriches and makes them grow”.
The experiments and the corresponding reports involve the participation of all members of the practice group
and the faculty, usually being evaluated with an oral or written defense.
The completion of a report, in a way, is an activity for students to recapitulate the technical principles of a
theme or scientific phenomenon of a chemical nature. It can also be considered an activity that aims to balance
the drawbacks of logistic nature so that everyone may be involved in chemical lab practices. From our state of
the art study, we have not found MOOCs platforms that promote the application of collaborative learning techniques in the development of their respective laboratories and reports.
The computer resource most used in the development of experiments is the LMS, so for example, at the
Sciences Faculty of the Polytechnic School of Chimborazo (ESPOCH), the Moodle platform is used as a virtual
classroom to support the on-campus modality.
The collaborative environment for teaching and learning in teacher-student relationship is useful for the development of individual and group skills, starting from discussions between students and the teacher’s moderation, promoting the growth of the group.
Often, at the Sciences Faculty, cloud applications like: Google Apps, MOOCs, BYOD, among others, have
not been adequately used, despite its versatility objectives for online collaboration and the publishing of documents for both teacher and student, despite having a lot of usability and accessibility, being very friendly and
free. Therefore, these applications are viewed as very helpful for the activities of the teacher, student and professional, by presenting interrelation media synchronized in the cloud, and the possibility of maintaining work documentation orderly, by grouping and categorizing it.
Thus, it allows teachers and students to work in the cloud, in a grouped and collaborative way, using applications such as Google, and its medium may be any computer anywhere and anytime.
The research’s aim is to comparatively evaluate the improvement in the level of collaborative work between
the traditional mode and the mode using cloud tools, integrated Google Apps services and MOOCs in reporting
chemistry laboratory experiments.
This article is organized as follows: Section 2 exposes the state of the art technologies and implantations of
laboratories such as cloud computing, MOOCs and BYOD. In Section 3 we present a proposal to improve the
architecture and mechanism used for collaborative work with MOOCs. Section 4 reports our case study and its
application in the Faculty of Sciences of the Polytechnic School of Chimborazo, on collaborative work in conducting chemical laboratory experiments. Section 5 describes and analyzes the results of the experience, and finally Section 6 proposes the conclusions.

2. Review of Literature
A review of the literature, we can establish that the cloud computing, the MOOCs and the proliferation of computers and devices owned by students (BYOD) (Sayler, Grunwald, Black, & White, 2014), are helping online
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education or e-learning, however most implementations do not have tools to promote the use of laboratories for
experiments that the vast majority of technical subject so require. The implantations of practical laboratories
have limitations such as weak collaboration and sharing of resources, difficulty of reconfiguration and adaptation, restricted periods of use and access to a limited number of students (Xu, Huang, & Tsai, 2014).

2.1. Cloud Computing
In education, cloud computing has been identified as a key trend (Johnson, Adams, & Cummins, 2012) that allows access to online services anywhere with improved scalability and availability that is cost-effective (Mircea
& Andreescu, 2011). These are desirable properties to provide e-learning services, especially in scenarios of intensive computing services and virtual worlds, simulations, streaming video, or those being offered on a large
scale as in MOOCs (Massive Open Online Courses) (Moltó & Caballer, 2013).
The cloud provides students and teachers tools to deploy computing resources on demand for the development
of classes and laboratories according to their needs. For example, teachers can create virtual computers on demand with pre-installed software quickly-to-implement laboratory (Bandi, Nori, Choppella, & Kode, 2011).
Some schools are already using cloud computing to outsource email, collaboration tools, and data storage or to
house Virtual Learning Environments (VLE) (Unesco, 2010). Another strong point of cloud computing is the
ubiquity with advanced collaboration tools which can produce new scenarios to create innovative forms of education.
The paradigm of cloud computing provides a set of virtual resources (hardware, development platforms or
services) available on the network. These computational capabilities can be quickly delivered and removed to
scale quickly according to demand.
Cloud computing services usually fall into three main types: At the lowest level of abstraction we can find Infrastructure as a Service (IaaS) (Bhardwaj, Jain, & Jain, 2010) which provides consumer processing, storage,
networks, and other computer resources. An example of IaaS is Amazon EC2 which provides virtual machines
on demand. Education institutions can use Eucalyptus and OpenStack to build their own infrastructure. The next
level, Platform as a Service (PaaS), usually built on IaaS which allows the user to deploy cloud infrastructure
applications through programmatically at supported runtime environments. Examples of PaaS are Google App
Engine and Microsoft Windows Azure. Finally, the next level is Softtware as a Service (SaaS), currently being
the best known model, consisting of applications offered by the provider through the network, instead of being
executed in the user’s computer. Examples of SaaS are Google Docs, Salesforce or Dropbox.
In reviewing the state of the art of work on this subject, we found isolated efforts of several universities in the
use or implementation of technological infrastructure. The swift arrangement and release of resources on demand offered by the cloud allows teachers to create environments as virtual desktops to access virtual machines
and laboratories preconfigured and up development environments that can be replicated or reused as often as
necessary (Burd, Luo, & Seazzu, 2013; Vaquero, 2011), generating less management overhead in the shortterm.
In (Chine, 2010), the author’s present elastic-R, a preconfigured VM with mathematical and statistical tools
that help students in the analysis of laboratory data to generate reports.
The Laboratory of Molecular Nanotechnology at the University of Alicante has developed an educational
project on nanotechnology in Spain, NanoMOOC, which can be displayed on mobile devices, tablets and computers (NanoMOOC, 2014). NanoMOOC has been designed using the Google Course Builder platform.
In (Sinex & Chambers, 2013) the experience of collaborative work between groups is described, with the collecting data from a chemistry lab using Google Drive, and then projecting the data to the entire class for analysis
and interpretation aided by an Excel spreadsheet. Furthermore, the results of a survey of participants are presented, though their participation is not evaluated, through performance and exposure of the lab report.
In the same line of the previous article, (Abrams, 2012) Dropbox is used in an LMS for teaching laboratories,
in this way, an easy way to collect large amounts of data for later analysis with minimal effort reported.
Therefore, computer science teachers can pre-configure and assigning resources to start from scratch. For
example, there is a contribution, proposed in (Rajaei & Aldakheel, 2012) using virtual databases created in Microsoft Windows Azure and AWS VMs to learn the functioning of operating systems.
It is noteworthy to mention work (Xu, Huang, & Tsai, 2012), which describes a remote laboratory V-lab,
where teachers can configure virtual machines for students to access remotely for network practices.
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The Hochschule Furtwangen University (HFU), implemented a private cloud platform, using the three service
models, IaaS, PaaS and SaaS, called CloudIA, which serves their students and the general public with e-Learning and collaboration services. Furthermore, with CloudIA, students can create and reserve virtual machines on
demand for their practices. By default only three virtual machines with 1 GB of RAM are handed per student
with up to 100 hours per semester (Doelitzscher, Sulistio, Reich, Kuijs, & Wolf, 2011). In this line of work,
(Anton, Anton, & Borangiu, 2012) shows the case of a private cloud shared by four universities that allow the
provision of virtual machines with preconfigured images created on demand by computer science students. In a
different contribution, StarHPC developed by the Massachusetts Institute of Technology (MIT), proposed virtual
machines that can be reused among students in a parallel programming course (Ivica, Riley, & Shubert, 2009).
Furthermore, because the cloud not only allows virtualized machines, but network resources, professionals
have the flexibility to design computing clusters and networks that are fully adapted to the requirements of the
task or the laboratory. For example, in (Yan, 2011) a laboratory of computer networks in a private cloud where
students can configure servers, firewalls and switch is proposed.
Other networks laboratories built in a flexible manner with cloud tools are described in (Mikroyannidis, Rizzardini, Schmitz, & Fraunhofer FIT, 2012) where virtual clusters are configured based on CloudStack for parallel programming tasks.
To meet performance and price levels of the cloud you can opt for hosting virtual machines on multiple
clouds. In (Woo & Mirkovic, 2014) an increase in performance and cost reduction in the allocation of resources
in several clouds, compared to allotment of resources in a single cloud for a variety of realistic scenarios is reported.
In (Li, Peng, Zhang, Han, & Yuan, 2011) a design and mechanism for collaborative work based on cloud
platforms and LMS for teaching classes is proposed and it is established that for efficiency, groups of 3 - 6 students should be formed and a leader appointed for each group which will interact with the teacher and the rest of
the group. The architecture has four layers based on Web services and the mechanism of usage is based on the
realization of projects based on discussion and collaboration with members of each group. Despite being an interesting project, it has constraints on collaboration and scalability by not including existing technology that we
already have at present and which have been accepted by students for its ease of use, such is the case of social
networks including MOOCs.

2.2. BYOD (Bring Your-Own-Device)
The cloud can help overcome current limitations in mobile learning in relation to the limited processing and storage capacity of current devices, primarily through the provision of adequate computing resources and scalability (Moltó & Caballer, 2013). Thus, applications can run on mobile devices while the heavier computing tasks
such as virtual machines, are executed in the cloud (Gajar, Ghosh, & Rai, 2013). Students can also use their mobile phones to access, share and synchronize learning content stored in the cloud with the appropriate quality of
service (QoS) anytime and anywhere (Norris & Soloway, 2011).
In this scenario, where education is facing a paradigm shift in the ownership and use of computing hardware,
the institution’s computer lab are no longer the main site for practices. Students increasingly use their own
computers do to homework. This scenario creates a challenge, now they have to endure a wide range of heterogeneous hardware without strict controls on its use.
In computing, the problem is compounded by the prevalence of applications and different operating systems,
which poses a significant challenge. To address this issue, in article (Sayler et al., 2014), the authors propose to
use what is known as “Bring Your Own Device” (Bring Your-Own-Device BYOD), building and deploying
virtualization software to develop environments for the dictation of courses of computer science. This system
has been deployed and tested for two years and is still used actively. It has been reported that the system supports multiple classes with hundreds of students with limited IT support staff. In the study, the design and management of the system is described, and the experience with students is presented, demonstrating its effectiveness for the BYOD challenge, with good cost to efficiency relation and ease of use. For this, he used Oracle
VirtualBox as hypervisor, and on top of this, an image of virtual machine based on Ubuntu 12.04.3 was created
with software such as ruby, scala, python, and gcc. The image distribution of the VM was performed using the
open virtualization format (.ova), which allows students to import and install (assuming VirtualBox is already
installed). One of the fundamental challenges behind the use of a single virtual machine is to manage the specif-
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ic requirements of each class. For this purpose, a system for software management for several machines with the
mentioned Debian management package utilities.

2.3. MOOCs (Massive Open Online Course)
With the globalization of education and limited budgets, the MOOCs are causing changes in education and
learning, creating a new model of open and mass education (Yuan & Powell, 2013).
Articles about MOOCs have diverse and extreme views from those who think they are a threat to the university to those who assume they are a fad (Cusumano, 2014; Daradoumis, Bassi, Xhafa, & Caballé, 2013).
Much research on MOOCs, show the high desertion from the MOOCs attributed to factors such as lack of
motivation, recognition for educational credits from universities, lack of quality, theoretical teaching without
laboratory practice (Hew & Cheung, 2014). From the point of view of the creators, obstacles for publication like
the high investment of time and resources without clear business model are cited. The monopoly of platforms is
also cited by elite universities (Hew & Cheung, 2014).
In a recent (Margaryan, Bianco, & Littlejohn, 2015) study, presents an analysis of the quality of the instructional design of 76 massive open online courses (MOOCs) selected randomly, through a survey, were evaluated
and compared and found to be that most MOOCs have low quality, and 68 of the 76 MOOCs have collaborative
activities.
On the other hand, in several studies have demonstrated a significant contribution that MOOCs have given to
education, with excellent results, as in the case of a study on entrepreneurship based on MOOCs that highlights
the high rate of retention and collaboration obtained (Al-Atabi & Deboer, 2014).
Likewise (Pedreño et al., 2013) presented specialized tools to learn how to operate in a collaborative work
platform called UniMOOC which has an alumni network that can be interconnected with each other based on
their preferences. This is intended to exploit the collaborative work as virtual networking, connectivity and
promoting the formation of professional networks.

3. Proposal
Based on our state of the art study, particularly in the proposal of Geoffrey C. Fox in his article (Fox, 2013) and
also in architecture and mechanism proposed in (Li et al., 2011) we suggest an architecture for online education
environments and mechanism of collaborative work for the realization of laboratories and their respective report,
using virtualization technologies, cloud computing, MOOCs and BYOD. The proposed architecture has four
layers, as shown in Figure 1.

Figure 1. Architecture and mechanism for collaborative work in conducting laboratory reports.
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• The first layer corresponds to the cloud with all the services it can provide as Infrastructure, Platform and
Software, which must be implemented depending on the institution with a model of public or private cloud
or a combination of these models leading to a hybridized cloud. This layer provides the basis for the next
layer of virtualization.
• The virtualization layer will house a repository of virtual machines with suitable software for performing
labs and their reports. The VM can be selected by groups of students who undertake collaborative work to
analyze the data collected in the fourth layer The preinstalled software on VM facilitates data analysis can be
R or SPSS and spreadsheets like Excel. After analyzing the data with the right tools, students and teachers
discuss and collaborate using social networking interface from the MOOCs.
• The third layer corresponds to the MOOCs. The same which presents all the interface containing the structure of the course consisting of a syllabus, theoretical content, demonstration videos, links to access virtual
machining and diagnostic tests. The contents and instructions for each laboratory will be determined according to the group.
• The advantage of using MOOCs, is the possibility to attend a large number of students. The MOOCs must
submit their content based on principles of instructional design (Merrill, 2013) and using the right technology for each task, as suggested by the model TPACK (technological pedagogical content knowledge) (Koh &
Chai, 2014).
• The fourth layer corresponds to BYOD, where each student can work and collect data from their own devices through a direct connection with the third layer corresponding to the MOOCs.

4. Practical Case
The research was conducted by the Faculty of the Polytechnic School of Chimborazo. We worked with all of the
relevant population of students of the subjects of Biochemistry I, Food Chemistry and Biochemistry, schools of
Biochemistry and Pharmacy and Chemical Engineering
To assess the improvement in collaborative work, cloud hosted virtual machines were used for statistical and
spreadsheet software, the same which could be accessed from a MOOCs that had links with Google apps. A lab
was performed on each subject, collecting data and analyzing them by groups; a report was generated with the
results. Furthermore, the same work was done in the traditional manner.
The mechanism to start the process follows the steps shown in Figure 2.
• Phase I. The teacher determined the laboratory, and explained its purpose and procedure through MOOCs
platform. The students took over and proceeded to collect field data through their BYOD devices and fed the
electronic sheet in the cloud.
• Phase II. Then the students moved forward analyzing the data using the preinstalled software on virtual machines through discussion among group participants. In Phase II the teacher gives instructions to generate the
report through MOOCs and students, through collaborative work, generate a group report. The reports are
evaluated by the teachers both in quality, participation and progress of each group.

Figure 2. Comparison between collaborative work in traditional
model and cloud model.
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Two identical surveys for each student with 20 indicators was used for the assessment of improved collaborative work to assess the effect of using the tools from the traditional way in the collaborative activity of the preparation of the practice report. The surveys have a common form for each of the modalities compared, each indicator will be assessed according to the scale of Likert (strongly disagree SD, disagree D, neither agree nor disagree N A/D, agree A, strongly agree SA), later this appreciation will be converted by the teacher to their numeric value corresponding to 1 - 5.
Indicators 19 and 20 relating to the quality and use of knowledge in each type of work are not answered by
the students, they are assigned by the teacher in the Likert scale; once processed in groups in their records, the
collaborative work using cloud tools and when the traditional mode in the routine teaching process of the academic period in which the experiment is applied, the resulting process is as follows.

4.1. Quality Rating
In the modality using cloud tools, the quality of the report is reviewed in groups of 5 points, with the average
obtained between the elaborated reports and uploaded to Google Drive on the date requested by the teacher and
the value of collaborative work undertaken jointly with the teacher on the date convened. The obtained value
over 5 translates to the Likert scale.
In the traditional way of preparing the report, the quality is assessed on 5 points to qualify the written report
delivered in a folder by the laboratory group.
The values of 5 qualities obtained in the two modalities are translated into the corresponding Likert statement
(SD, D, N A/D, A, SA) and teachers jot-in the results for each survey that polls remain complete in 20 indicators).

4.2. Assessment of Use
In the modality using cloud tools, taking advantage of, or, understanding or thematic understanding is valuated
in groups of 5 points. The value is obtained by answering the questionnaire prepared in a form created in Google
drive immediately after collaborative work with teachers.
In the traditional way of preparing the report, the achievement is valued in groups of five points in the written
defense made on the written report submitted.
The use of 5 values obtained in the two modalities are translated into the corresponding Likert scale and
teaching notes in each survey this outcome for her to be complete in 20 indicators.

4.3. Determination of the Level of Collaborative Work
Having completed the values of the 20 indicators in the surveys in each mode, the teacher in the same survey
translates the assigned affirmation, each to the corresponding value of 1 - 5, and proceeds to add the values to 20
to have a value of 100 points will be converted to 5 points. The results of each member and each experimental
group are averaged to obtain the average group level of collaborative work in the form of work using Google
tools and traditional methods used to prepare the lab report.

5. Results and Discussion
The results on the three aspects evaluated and the assessment of collaborative work, the quality of reporting and
utilization reflected the qualifications set out below.

5.1. Assessment of Collaborative Work
The 22 experimental groups generated values of collaborative work on five points in the two modes that are
compared with the preparation of the report of the practice. These are shown in Table 1 and Figure 1.
It can be seen that the experimental groups located on a greater level of collaborative work mode using the
cloud tools, where the traditional method has not exceeded the value of 3 in the scale of 5.
In interpreting the results, it appears that the mode that uses cloud tools for collaborative improves by 46%
when compared with the traditional method, this means that cloud tools generate and facilitate the better use of
the principles and foundations of a lab (in this case chemistry), would be involved as factors that are beneficial
compared to traditional, like:
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Table 1. Comparison of collaborative work on cloud and traditional mode.
Collaborative work
Cloud

Traditional model

Improvement

Averange

4.5

2.2

2.3

Percentage

90%

44%

46%

• Cloud tools allow more dynamic group work and demonstrate self-responsibility and motivation for their
own and others’ learning.
• Considering that geographical separation is no longer an obstacle to work the report in the shared document
among all members of the group by including the teacher.
• We welcome the participation of teacher guidance at the moment of structuring the report.
• It is interesting to observe that in drafting the report, to be allowed to perform a recapitulation of practice by
reporting the procedure of the same as a video feature that is implemented in the drafting format of the report
that enriches learning.
• It is interesting to note the fact that there is a means of immediate feedback that is then used for group work
with a teacher’s guidance.

5.2. Quality Report
The cloud tools improved the quality of the report by 22% compared to the quality of the report with the traditional mode. See Table 2. What was observed can be attributed to that the drafting format was demanded to apply to each part that integrates a lab practice. Thus, in the mode using cloud tools does not neglect the attention
and analysis on each side which are in their objectives, discussion of results and conclusions, for in the traditional way a neglect or disregard of certain targets are observed, certain outcomes are not met and in occasions,
conclusions of certain parts are not mentioned.

5.3. Achievement
The cloud tools improved for practical achievement use by 40% over the development generated by the traditional method, see the Table 3.
One interpretation for the results in that in form using cloud tools, these allow to collaboratively work under
the guidance of teachers, the fundamental practical theories to build a video of the procedure are summarized,
foundations are also recapitulated, and the evaluation of understanding is made at the time of completing the
development of collaborative activity among students and faculty tutor. An additional aspect that can be mentioned is that teachers do not have to receive physical documents and grade or evaluate them, certainly because
when working in the cloud and online, this prevents and eliminates written documents, while simultaneously
obtaining the respective qualification.
For statistical verification of our results, we performed the t-student test for paired means of two samples for
the 22 groups that experimented and appreciated the preparation of the report in the two modalities. Being dependent groups was considered a test t for paired samples stockings. A hypothetical difference between the
means of zero with a significance level of 0.05 was recorded.
Being a dependent group, a t-test was considered for paired sample measures. A hypothetical difference between mean scores of zero at a 0.05 level of significance is noted.
The research hypothesis raised in this study was: H1: The value of collaborative work by using the cloud in
the reporting of laboratory chemical, significantly exceeds the value of the traditional way of making lab reports.
This would be represented as follows:

H1 : m Google apps ≠ m tradicional
According to statics software, the inequality indicates a two-tail graph, where statistic t = 30,901, is larger
than the critical value of t (two-tailed) 2073, this means that the t statistic is outside the area of acceptance of the
null hypothesis, therefore H1 accepted. Therefore, this defines that there is a significant difference between the
means of cloud mode and traditional mode.
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Table 2. Comparison of quality report on cloud and traditional mode.
Quality report
Cloud

Traditional model

Improvement

Averange

4.5

3.4

1.1

Percentage

90%

68%

22%

Table 3. Comparison of achievement on cloud and traditional mode.
Quality report
Cloud

Traditional model

Improvement

Averange

4.4

2.4

2.0

Percentage

88%

48%

40%

6. Conclusion
The new e-learning models should learn from the definite experience of existing technologies as MOOCs,
BYOD, and cloud computing to adopt a forward-looking approach to apply a new strategy for implantation,
publication and use of platforms to service education.
The alternative seems to be on the implementation of ecosystems that use private clouds with existing equipment in laboratories of universities and can interoperate with public clouds, forming scalable platforms.
The assessment of collaborative work according to the process carried out using cloud tools in the reporting of
chemistry labs is 90%, while the traditional mode of development reaches 44%. This means that according to
our practical experience, improving collaborative work in implementing reports using cloud tools is 46% compared to traditional mode. Also, the quality of the reports elaborated under the form using cloud tools shows an
improvement of 22% compared to those made in the traditional way. In addition, the advantage of knowledge in
the mode using cloud tool shows an improvement of 40% compared to that obtained by the traditional method.
Therefore, with the obtained results we can say that optionally cloud tools serve to enhance collaborative reporting chemistry lab practices, being extensible to other types of laboratories.
We can conclude that futures works must provide scalable platforms to ensure widespread access to laboratories through MOOCs. Finally, the use of this medium promotes collaborative learning among students and
teachers with characteristics of tolerance, respect, imagination, cooperation.
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