CURRICULA FOR UNDERGRADUATE AND MASTERS LEVEL COURSES 

IN e-SCIENCE:  

Report from the ICEAGE Curricula Development Workshop

Brussels, 14-15 February 2008

Introduction

The ICEAGE Curricula Development Workshop, held at Scotland Europa in Brussels from 14-15 February 2008, was successful in clarifying content for undergraduate and Masters level courses in digital-systems thinking and e-Science.  The workshop was co-chaired by Professor Malcolm Atkinson (Director, e-Science Institute, University of Edinburgh) and Dr. David Fergusson (Deputy Director of Training, Outreach and Education, NeSC, University of Edinburgh).  

Attendees included Amy Apon (University of Arkansas), Mark Baker (University of Reading), Kenny Baird (NCeSS), Kathryn Cassidy (Trinity College, Dublin), Ben Clifford (OSF, University of Chicago), Joy Davidson (HATII, University of Glasgow), Fotis Georgatos (GRNET), Petar Jandric (NeSC, University of Edinburgh), Fernando Silva (Universidade do Porto) and Elizabeth Vander Meer (NeSC, University of Edinburgh).

The workshop was called by ICEAGE, the OGF ET-CG and e-IRG ETTF and people from all communities were invited to attend.  OGF and e-IRG Education and Training policy reports have documented the lack of well-developed e-Science curricula at undergraduate and graduate levels, and this deficiency led to initial discussion at OGF21 of running a workshop to provide educators with a forum to begin to address the problem.  The Curricula Development Workshop was organized as a result of this call to action. 

Developing curricula for e-Science is far from straightforward.  Multiple methods and modes of delivery must be considered.  Different target audiences would require the presentation of different principles, concepts and examples.  It is important to be clear about what students are being targeted, since curricula for computer science students, for instance, would be vastly different from curricula geared towards students in other disciplines, in which numerical models, statistical models or epistemology and provenance may dominate (see Venn Diagram).


                     Physics, Engineering, Earth Systems, Chemistry, Materials Science

Epistemology and Provenance                                                        Statistical Models

Arts, Languages, Humanities                                                             Biology, Medicine,

                                                                                                            Social Sciences

Workshop attendees focused on developing content for e-Science education across disciplines rather than grid education, which would target students within computer science.   Core topics and prerequisites were identified, and it was decided whether courses at undergraduate level should be required or optional.  While elements of Stages 1 to 3, which define the undergraduate curriculum, can be found in existing courses, it was decided that these courses would be proposed discretely, rather than worked into the content of courses that already exist.  The following report presents the content decided for each undergraduate level and the Masters curriculum.

Prerequisites and Educational Goals for Undergraduate Level e-Science Course(s)

The Curricula Development Workshop first focused on developing interdisciplinary content for an undergraduate digital-systems/e-Science curriculum which would be introduced in three stages:  e-Working, Basic Methods and Advanced Research Methods.  

STAGE 1:  e-Working

The Stage 1 course has been proposed as a requirement across disciplines, available to every student, whereas at present it appears selectively in certain disciplines.  There are no hard and fast prerequisites, beyond general university prerequisites, but certain experience would be assumed, including previous use of email, a browser, chat client, word processor, PowerPoint and other software that would be part of a collaborative learning environment.  

Stage 1 would be an introductory module imparting students with an understanding of digital-systems thinking, which would provide the basis for further education in 

e-Science.  Educational goals to achieve by Stage 1 include using common communication tools in a professional manner, the ability to deal with complex tasks using process thinking (to organize work on tasks as an individual and in groups), and producing results from a team effort that properly reflect contributions and correctly cite material.  Tools familiar to the students are used, but Stage 1 stresses the importance of learning how to work together effectively on tasks using these tools, emphasizing collaborative behaviour and provoking students to think about how they are using technologies; use of tools in a shared context involves new skills and presents ethical issues unique to that context.  This stage promotes flexible thinking in students and learning through collaborative tasks.

· Stages & Competencies

· Use email, web-search, word-processing, presentation tools with standards in mind, considering the quality of communication (how to use these tools responsibly—ethically, with proper citation and accuracy)

· Develop team working using the above

· Use digital-communication tools (work with libraries)

· To coordinate & develop a deliverable

· Responsibility, legal, ethical & social issues

· Security and safety

· Critical thinking

· Use of subject-specific digital resources

· Scientific data and document data

· Metadata and controlled vocabularies

· Proper citation and legitimate use

· IPR

· Collaborative behaviour

· Plagiarism and its detection

· Drawing on strengths & knowledge of team members

· Strategies for dealing with weaknesses and lack of knowledge

An example of a task assigned to teach these skills could be collaboration on a written report.  First students in a group would need to decide who obtains what material for the report (distribution of work, location of resources, how to best access resources).  Once they find the resources, they then must consider what should be extracted and how it should be organised, the proper way to cite references, and how to present the report as a team in a coherent manner.  To do this, each student has to think about breaking the task down and then reassembling material, thus learning process thinking.  The emphasis at Stage 1, as previously stated, would be on working effectively in a collaborative environment using information and communication technologies.

STAGE 2:  Basic Methods

Stage 2 will continue to teach competencies introduced in Stage 1, but strands will be tailored to specific disciplines.  While aspiring to make the Stage 2 course a requirement, it was decided that it would initially be proposed as optional and with time may naturally become compulsory.  Completion of Stage 1 would be the prerequisite for entering Stage 2.  As with Stage 1, Stage 2 content remains at a conceptual level and provides students with a mental model of tools for e-Science.

· Critical thinking (2)*

· Data management*

· Data lifecycle, Data Bases, Data models, Metadata, Mark up languages

· Controlled vocabularies, Ontologies

· Information entropy 

· Compression

· Complexity

· Origins of real-world & system complexity

· Handling complexity

· Use of models*

· Validity and domains of applicability

· Data dependence and interpretation of results 

· Numerical thinking

· Nature & origins of error

· Precision, correctness & validation

· Types of numbers and their behaviour / representation

· Statistical thinking

· Sampling and error

· Uses and abuses of statistics

· Using multiple data resources

· Semantic and provenance

· Responsibility, legal, ethical & social issues (2)*

· Presentation and interpretation of data

· Visualisation 

· Interdisciplinary professional communication

· Image analysis

· Derivation of information

· Process thinking

· Logical thinking and decidability

· Trust: security, privacy and integrity*

· Risk and impact

· Implementations, their strengths and weaknesses (not core)

· Personal behaviour

· Distributed systems thinking

· Digital communication and network services

· Distributed systems architectures

· Storage systems and preservation

· Instrumentation

· Digital devices, sensors and networks

How much of distributed systems are discussed depends on your audience.  For this undergraduate level, it is more important here to recognize that there are models behind commonly used tools such as Facebook and Google.  Google, for instance, would provide students with a rough idea of documents on a certain subject, but if you want to find all the references relating to a particular topic or the definitive article on that topic, you would not use this tool (you could contrast Google with a citation index).  It would not be necessary to talk about the Baysian model, but instead focus students attention on the results associated with using such a model (the answers you get).  The student would learn that models are tuned to provide certain results, so it is important to recognize what the model is meant to do (what it reveals and what is left out).

Generic Property of Stage 2:

· Everyone is aware of 

· the terms and their meaning

· Where to find experts & more information

· If we were to get someone from Stage 2

· & set up a tool for them

· Then they can quickly learn to use the tool

· They can engage in informed dialogue about their digital-systems uses and requirements

(Starred bullets are considered core elements)

STAGE 3:  Advanced Research Methods

Stage 3 equips students to choose, configure, parameterise and compose tools in 

e-Science.  As with Stage 2, this stage will be considered optional.  Stages 1 and 2 are prerequisites for entrance into Stage 3.  This level is domain-specific and involves exposure to a range of tools and to programming.

· Expect experts in a narrower space as a result of this level

· This level is typically very domain specific

· Can choose, configure, parameterise and compose tools

· Able to engage with developers in specifying and evaluating tools

· Depending on the subject:

· This may include middleware, services & applications

· Generic tools may be part of courses here

· E.g. portal / problem solving environments

· Workflows

· Grid computing, HTC & (optionally) HPC

· Concurrency, parallelism & computing architectures

· Large-scale storage technology

· High-bandwidth communications

EQF and Learning Outcomes, Level 6 (Bachelors)

In the EU context, it is valuable to keep in mind the European Qualifications Framework (EQF) Learning Outcomes when crafting curriculum.  Level 6 corresponds with Bachelors level and involves the following knowledge, skills and competences:

· Advanced knowledge of a field of work or study, involving critical understanding of theories and principles

· Advanced skills, demonstrating mastery and innovation, required to solve complex and unpredictable problems in a specialised field of study

· Competence to manage complex technical or professional activities or projects, taking responsibility for decision-making in unpredictable work or study contexts

Prerequisites and Educational Goals for a Masters Course in e-Science

After completion of the Masters course, students will have a high-level understanding of applications in e-Science and will also have skills in data management, programming and trans-domain communication.  

It was agreed that the Masters course should not be linked to the undergraduate levels.  Prerequisites would include:

· Maths and science competencies (calculus and statistics, numerical, analytical and technical understandings).

· A substantial part of Stage 2 competencies would be required, but not necessarily through taking courses associated with Stage 2.  

· Simple programming

· Competence in English should be recommended, but the strength of the recommendation is at issue (it should not be a full-blown requirement).

Completion of a final project would be a key element of the Masters degree.  This project is domain-specific and demonstrates key learning goals.  

COURSE CONTENT:

· Understanding e-Science

 
- collaborative working environments

 

- ethics

- tools



- interpersonal protocols (communication in remote communication tools)

- solving larger problems beyond local resources



- scale of problems



- broad examples from different disciplines

- distributed computing for e-Science



- infrastructures



- case studies in e-Science

- things you can do with e-Science, types of problems and how they map to different infrastructures, etc.



- network comms and implications thereof

· Data Management

 
- storage

- movement

- provenance

- life-cycle

- validation

- security

- schemas / data formats

- documentation

- curation

Examples can be domain specific

· Programming for e-Science

- loosely-coupled programming (includes communications, networks issues, workflows...)

- programming to APIs

- Code re-use & component publishing, API production

- code maintenance, versioning, etc.

- technical documentation for re-use

- standards

- programming environments

- security

- introduction to existing CS methods & concepts

· Presentation & Communications skills

- Trans-domain communication skills


- simple guidelines: e.g. don't use jargon or acronyms, etc.

- case-studies of failures

- prepare presentation, for someone outside of your domain

- give various presentations, individual and group presentations.

- user documentation

- shared reports, shared documentation, etc.

- wikis, blogs, etiquette, etc.

- requirements gathering

· Final project

- must demonstrate key learning goals of the course

- domain-specific

- appropriate supervisor who suggests topic

- individual project

- tangible product at the end of it

- assessment via


- project introduction presentation


- demonstration of application


- project report


- possibly some interim reports, etc.


- diary/blog of progress

- possibly produce a research paper from the dissertation

- trans-domain aspect whereby the student must explain their work so that it can be understood by someone from a different background

- literature review

- basic project management

- research methods introduction lecture before they begin the project

Ideally the following should also be incorporated into the project

· showing composition of existing tools as well as writing their own code 

· with some collaborative aspect, have to talk to or work with someone if possible

· requirements gathering should be included (if appropriate)

EQF Level 7 (Masters)  

EQF Learning Outcomes at Level 7 correspond with Masters degree courses and can be used as a reference when considering content for a Masters course in e-Science.  Knowledge, skills and competencies at this level include:

· Highly specialised knowledge, some of which is at the forefront of knowledge in a field of study, as the basis for original thinking and/or research.

· Specialised problem-solving skills required in research and/or innovation in order to develop new knowledge and procedures and to integrate knowledge from different fields

· Competence to manage and transform work or study contexts that are complex, unpredictable and require new strategic approaches
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