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Executive Summary 
PRACE, at its current stage, provides a rich variety of online learning resources via PRACE 
Training portal, including lecture slides, videos and exercise material. Although we are yet to 
reach the ultimate goal of a complete online training experience in the form of online courses, 
we have made progress and the training work package (WP4) of the PRACE fourth 
Implementation Phase (PRACE-4IP) is in the process of creating two Massive Open Online 
Courses (MOOCs). These MOOCs will be open to the general public, free of charge, and will 
introduce the audience to the subjects “Supercomputing” and “Managing Big Data with R and 
Hadoop”. After due consideration of pedagogy, design and other aspects, the FutureLearn 
platform has been selected to deliver the PRACE MOOCs. Such open courses, delivered and 
advertised by a well-known platform, increase not only the public’s interest in high 
performance computing but also the visibility of the PRACE brand. We expect the courses to 
be launched in March 2017.  

1 Introduction 

PRACE has been providing online learning resources already for a long time via the PRACE 
Training portal. Lecture slides and exercise material for PRACE Advanced Training Centre 
courses and seasonal schools are normally made available via the Training portal, and there 
are also video tutorials on selected topics. However, so far no courses designed specifically 
for online learning have been developed within PRACE. The purpose of this work is to extend 
the PRACE training by offering courses where the syllabus and all the content are directed to 
online learning.  

Online learning requires new approaches when compared to traditional face-to-face training in 
class room. Simply video recording lectures and publishing lecture slides do not normally 
offer very good online training experience, but syllabus and material have to be often 
designed and developed from beginning. Typically, online courses consist of videos (short, 5-
10 minute, are preferred), textual material, quizzes and interaction for example via discussion 
forums. There can be also exercises which can be submitted and checked automatically for 
correctness. There is lots of ongoing research related to the cognitive scientific aspects of 
online training. 

Massively Open Online Courses (MOOCs) are online courses which aim for unlimited and 
open participation via web. The main characteristics of MOOCs are their intended scale, at 
best tens of thousands of students can participate in a MOOC. The openness means that there 
are no restrictions in attending a course, and the courses are normally also free of charge. 
MOOCs resemble traditional courses in the sense they are often run during a specified time, 
and guidance is provided during that time in some online form. Duration of online courses 
varies typically between two and eight weeks, and the course is often divided into weekly 
modules. 

Many universities and non-profit educational organisations, as well as commercial companies 
are currently providing MOOCs in several different platforms. The business model in most 
commercial MOOCs is that the courses themselves are free, but there is a fee for obtaining a 
certificate of attendance or certificate for passing the course. In 2016, 6850 courses have been 
offered by over 700 institutes. [1] 

This deliverable describes the work that has been done in PRACE 4IP for developing 
MOOCs. The main objective for PRACE is to enlarge the number of people that can benefit 
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from expertise of PRACE trainers and thus enhance European research. High-quality online 
training strengthens also the PRACE brand.  

This document is structured as follows: section 2 describes the FutureLearn [2] MOOC 
platform and the process for selecting it. Section 3 describes the “Supercomputing” MOOC 
and Section 4 the “Management of massive data” MOOC. Finally, a summary is presented in 
Section 5. 

2 MOOC platform selection 

In this section, we discuss the factors which have led us to select the FutureLearn MOOC 
platform as the appropriate platform for the project. The importance of the platform cannot be 
underestimated, and the selection demanded thorough characterisation and examination of the 
other options, all to make certain that the educational material conversion and transfer to an 
online platform will be done effectively. We would like to note that a delay due to contract 
negotiation has postponed this deliverable from M21 to M25.  

During the process, we have examined the parameters of each system, taking a close look at 
its main features and unique characteristics, including its technological infrastructure and 
annual costs.  

Several platforms have been considered, among them world-leading platforms and niche 
platforms. In the process, we have examined:  
 

1. The efficiency of the learning process. Materials must be presented in a clear, 
understandable manner. 

2. The platform’s ability to allow learning interactions between students. 
3. The implementation of automatic tools which monitor the learning process and the 

learners and analyse their performances.  
4. The probability of strengthening the PRACE brand by delivering high quality 

educational material. The platform acts as a showcase for PRACE, enabling exposure 
to new audiences which might have not been aware of its existence.  

 

Two MOOC models 
There are two major models of MOOC delivery: cMOOC (connectivist MOOC) and xMOOC 
(extended MOOC), with xMOOC being the most popular MOOC model. xMOOCs are 
delivered on special platforms and are designed to handle a large number of participants. The 
tutoring model is that of one-to-many. They use video lectures, computer-graded quizzes and 
exams, peer assessment and often award recognition (e.g. certificate) upon successful 
completion of the course. 

cMOOC emphasizes networking and participants’ contributions. Many times, cMOOCs are 
not supported by institutes, and use general social media platforms (e.g. Twitter) for 
community interaction. The content is mostly participants-driven. The differences between 
the xMOOC and the cMOOC are summarized in Table 1.  

Since the planned courses are beginner courses which will be delivered to a large audience, 
the model chosen for the PRACE MOOCs was the xMOOC.  
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Table 1: xMOOC vs. cMOOC (Source:  [3]) 

 
 

xMOOC platforms for PRACE 
We have examined the existing options and platforms available for PRACE, including the 
presentation of material, management of learning processes, study interaction, design and 
costs. We decided to focus on three central, cutting-edge platforms which offer international 
infrastructure for delivering the PRACE MOOCs.    

FutureLearn [2] 
FutureLearn has been founded by the Open University of UK at the end of 2012. It is the 
fourth biggest MOOC platform, with 5.2 million registered users, 2.3 million of them joined 
in 2016. It offers about 500 courses provided by over 100 partners. FutureLearn has, in 
addition to universities, other prominent partners such as the British Museum and the 
European Space Agency. Students can learn by watching videos, listening to audio resources 
and reading articles. Each article, video or piece of audio has a dedicated space to allow 
learners to comment and ask questions.  

Coursera [4] 
Founded by Stanford professors in 2012, Coursera is currently the biggest MOOC provider, 
with 23 million registered users and over 1700 active courses. It has added six million new 
users in 2016. Coursera has partners such as Yale University and Stanford University. 
Courses are interactive (during a lecture students get questions to answer on site), there are 
deadlines, quizzes, and sometimes a final exam (depends on the course).  

edX [5] 
edX was founded by MIT and Harvard University in 2012 and is the second largest MOOC 
provider, after Coursera. EdX offers about 1300 courses. Four million new users joined edX 
in 2016 and it currently has 10 million users. Among the edX partners are the University of 
Oxford and the University of California, Berkeley. The structure of courses is similar to 
Coursera, with deadlines, quizzes, and exams.  

Why FutureLearn? 
FutureLearn is the largest European MOOC platform. It is an English-speaking platform, 
which allows it to address a large audience worldwide.  FutureLearn emphasizes social 
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constructivist learning in which the learner community plays a key role. FutureLearn courses 
are shorter, and use less video and more written material than Coursera and edX. It not only 
provides more flexibility to many learners, but also decreases production costs per course, 
which enables us to provide more in the long run. In comparison with Coursera and edX, 
FutureLearn has a higher proportion of discussions in its courses, and they are considered part 
of the learning activities. While in Coursera and edX there is a designated part of the course 
for discussions, in FutureLearn comments appear next to the materials, which allows for a 
more active discussion. The platform follows social media principles, so that learners can 
create profiles, reply directly to other learners, “Like” comments and filter information. The 
use of such social elements and features gives room to live conversations as part of the 
classes, in a way that not only enriches the learning experience, but also contributes to 
building bridges between learners around the globe. Another aspect is that FutureLearn is the 
key European solution to xMOOC, and this initiative may strengthen its role in the MOOC 
world with regards to the United States counterparts. 

3 Supercomputing 

3.1 Course objectives 

This course introduces what supercomputers are, how they are used and how one can exploit 
their full computational potential to make scientific breakthroughs. This course is designed 
for anyone interested in leading-edge computing technology, supercomputers or the role that 
computer simulation takes in modern science and engineering. 

All of the technical aspects will be covered at a conceptual level and there is no requirement 
to be able to write computer programs. However, anyone with existing programming 
experience will learn how programming modern supercomputers differs from programming a 
home PC. 

The learning outcomes are that, by the end of the course, students will be able to: 

• Understand how the performance of modern supercomputers is measured and 
achieved; 

• Explain why they are built from thousands of simple processors; 
• Understand the differences between of shared-memory and distributed-memory 

computers; 
• Compare the architecture of a typical modern supercomputer with a desktop PC; 
• Explain why computer simulation is a fundamental component of modern scientific 

discovery; 
• Work with simple cellular automaton models; 
• Analyse simple problems and look for opportunities for parallel processing; 
• Explain the limitations of parallel computing; 
• Give examples of scientific areas where computer simulation is used.  



D4.4 MOOC Pilot for HPC 
 

PRACE-4IP - EINFRA-653838  17.02.2017 
 

5 

3.2 Course syllabus 

The duration of the course is five weeks and the estimated work load per week is three hours.  
The high-level breakdown over weeks is: 

Week 1: Supercomputers 
This will cover what modern supercomputers look like and why they are designed that way. 
There will be a short history of supercomputers over the years to illustrate how performance 
has increased over time 

Week 2: Parallel Computers 
The concepts of shared and distributed memory architectures will be explained. We will cover 
the similarities and differences between specialist supercomputers and more general purpose 
computers such as PCs, laptops and games machines. 

Week 3: Parallel Computing 
The basic parallel programming models (shared and distributed memory) will be explained at 
a conceptual level using a traffic modelling example. This will be used to motivate the basics 
of parallel performance, including Amdahl’s and Gustafson’s laws, but without using any 
equations. 

Week 4: Computer Simulation 
This will cover what supercomputers are used for, e.g. the kinds of simulations that are done 
in the areas of nanotechnology, engineering and climate research. The traffic model serves as 
a very basic example of computer simulation, illustrating how computers effectively run 
virtual experiments where scientists choose the input parameters to model real situations. 

Week 5: Case Studies 
The final week will comprise a number of case studies of real scientific problems being 
tackled using supercomputers. Ideally, these will have associated material that makes the talks 
interesting, e.g. visualisations of real simulations. We will explain the approaches taken in 
terms of the concepts introduced in the previous weeks’ lectures. 

3.3 Implementation on FutureLearn 

The choice of FutureLearn as a platform did not alter the learning outcomes or overall week-
by-week breakdown of the MOOC. However, we had initially envisaged that most material 
would be delivered as recordings of short (10-15 minute) lectures, re-using a lot of existing 
lecture material in the form of PowerPoint slides from introductory training courses. The 
FutureLearn style is very different, favouring a series of very short steps each comprising a 
short article, quiz or discussion topic. Although use of video is encouraged, it is normally 
used to highlight specific topics and not as the major method of content delivery. Any videos 
are usually only a few minutes long and do not resemble traditional lectures. 
Although this format fits very well with the introductory nature of the Supercomputing 
MOOC, it did mean that more new material was required. Although the overall volume of 
material is perhaps slightly less than initially planned, it has been more work to develop. The 
two sites involved in developing the MOOC have been EPCC and SURFsara. 
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3.4 Current status 

The course was announced and opened for registration in early December 2016. Currently (as 
of 24 January 2017) there are around 1,350 people registered for the upcoming March run. 
FutureLearn provide various statistics on those registered, for example their age profile 
(Figure 1): 

 

 
Figure 1: Age distribution of Supercomputing participants 

 

The course is live at https://www.futurelearn.com/courses/supercomputing. The next step is a 
training session with FutureLearn where they will provide advice on supporting learners once 
the course has started. 

4 Managing Big Data with R and Hadoop  

4.1 Course objectives 

The objective of this course is to introduce individuals with limited programming knowledge 
to various HPC facilities for big data analysis. At the end of the course, they will be able to 
use them, avoiding common pitfalls and thus saving them money and time. The course is 
especially suitable for participants interested in data science, computational statistics and 
machine learning. This course may be also useful for advanced undergraduate students and 
1st year PhD students in data analysis, statistics, or bioinformatics who wish to gain a basic 
understanding in data management and HPC computing. 

The main advantage and comparative variety to other similar MOOCs is that we use R 
environment for statistical computing and graphics. R is a programming language renowned 
for its simplicity, elegance, and the support of an outstanding community. R augmented with 
Hadoop allows data scientists to quickly utilize the enterprise-grade capabilities of Hadoop 

https://www.futurelearn.com/courses/supercomputing
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with the analytic capabilities of R. The learning outcomes are that, by the end of the course, 
students will be able to: 

• Understand how the performance of modern supercomputing is achieved; 
• Understand the basic functionality of Bash terminal window; 
• Understand the basic functionality of Apache Hadoop for scalable, distributed 

computing; 
• Understand the basic functionality of RHadoop; 
• Understand the basic problems of supervised and unsupervised learning;  
• Perform basic clustering, regression and classification with RHadoop. 

4.1 Course syllabus 

The course will run for five weeks with estimation of four hours of working load per week. 
Weekly breakdown is: 

Week 1: Welcome to BIG DATA MOOC 
This will cover introduction to big data and distributed systems. Parallel computing systems 
and parallel databases will be explained in great details. Students will be introduced to 
terminal window, sed, AWK, and grep programs. 

Week 2: First steps in R and RStudio 
In this lecture we will cover an introduction to R and Rstudio. R is leading programming 
language for computational statistics and graphics and could be augmented for big data 
processing. Rstudio is a powerful and productive graphical user interface for R, make R easier 
and more efficient. 

Week 3: Working with Apache Hadoop I (Fundamentals) 
This will cover massively parallel computing with Hadoop. We will present Hadoop as a 
system for distributed computing and data storage, show how to use “ravro” library for 
reading and writing files in avro format and present powerful “plyrmr” library for data 
processing. We will also explain how to set up local virtual environment and prepare an 
image of virtual machine that the students will download and locally install.  

Week 4: Working with Apache Hadoop II (RHadoop) 
This lecture will cover introduction to functions providing management of the Hadoop 
Distributed File System (HDFS) using the “rhdfs” library. We will teach how R programmers 
can browse, read, write, and modify files stored in HDFS. We will also present how to 
perform statistical analysis via Hadoop MapReduce functionality on a Hadoop cluster. 
Finally, we will introduce HBASE distributed database and present how to browse, read, 
write, and modify tables stored in it. 

Week 5: Statistical learning 
This will cover introduction to machine learning and to classification framework in particular. 
We will present principles of supervised and unsupervised learning, the most frequent 
algorithms in linear regression, classification (discriminant analysis) and clustering 
(hierarchical clustering and k-means). For all these algorithms we will demonstrate how to 
implement them using R and RHadoop to handle big data.  

Materials:  
Students enrolled to this MOOC will have available: 
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• Virtual machine with Cloudera Hadoop installation file to make a local copy of such 
machine; 

• Video material with short (up to 10 minutes) courses; 
• Additional slides and other materials for deeper reading; 
• Several assignments, including quizzes for self – assessment of the understanding.  

Teachers 
A group of three teachers will prepare the materials and run the MOOC: 

• Prof. Leon Kos, PhD, University of Ljubljana, Faculty of mechanical engineering, 
Slovenia; 

• Prof. Janez Povh, PhD, University of Ljubljana, Faculty of mechanical engineering, 
Slovenia; 

• Prof. Biljana Mileva Boshkoska, Faculty of informations studies in Novo mesto, 
Slovenia. 

4.2 Current status 

The course is planned to run first time starting from 20 March 2017About 560 learners have 
registered so far. Additional runs are planned at the moment for September-October 2017 and 
March – April 2018. 

5 Summary 

In the PRACE-4IP MOOC project, we have worked to define the MOOC goals and their 
alignment with PRACE goals. We have chosen the most appropriate platform out of three 
world-leading and niche-oriented platforms and defined the required characteristics for the 
PRACE courses. We have mapped the process of MOOC development, and decided on the 
developing institutes. Currently we are nearing the end of the development process, and 
intend to finalize the courses around March. The development process in the institutes is 
supported by the FutureLearn professionals. Once the courses are complete, we and the 
FutureLearn team will be able to advertise the courses among the general audience of 
potential MOOC students and the PRACE community.  

The PRACE MOOC activity will become part of the overall online training offered by 
PRACE, with a wide range of online learning materials for the HPC community in general 
and the PRACE community in particular. This variety of online activities will allow us to 
offer the community a complete suite of online training.  

Future activity as part of PRACE-5IP will allow development of additional courses and 
support of the existing courses, ensuring their sustainability. This will create a complete 
online training portal, which will include a variety of quality study materials from PRACE 
projects, establishing PRACE as a leading professional authority in the field of HPC.  
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