Using Communications and Information Technology to Enhance Learning & Teaching

Using Communications and Information Technology (C&IT) to Enhance Learning & Teaching
C&IT is rapidly increasing the variety of learning environments available to students and the Internet (including email and the World Wide Web) has rapidly become the major network for communication, information and resources. However, using C&IT efficiently and effectively to enhance learning and teaching requires some strategic planning.

This chapter is designed to help individuals and staff teams use C&IT effectively and efficiently to enhance the learning and teaching of Earth science in their module(s) and across the curriculum.

This chapter provides a series of questions to guide you through the pros and cons of C&IT. 

Background information and supporting theory is provided along the way but, ultimately, as every module is different, it is up to you how you use the information you gain. Work through each question slowly and carefully, noting down as many points as possible. 

The strategy you chose to adopt is entirely up to you. You may wish to adopt (or adapt) some of the examples given here or you may wish to devise your own scheme. Whatever you do, make sure that it is suitable for you and your students and that you are comfortable with the delivery. Try to build in an evaluation / feedback element (see Section Three - Curriculum Development) into your strategy to allow you to review your and your students’ progress and adapt as necessary.

Questions:
1. For what purpose do you wish to use C&IT in learning and teaching?

2. Do you have the appropriate technical know-how and, if not, the time to acquire it or access to relevant support personnel?

3. How much time and resources will it take to implement and what are the potential pitfalls?

4. Given the above considerations, is the use of C&IT still the most appropriate, effective and efficient means for enhancing learning in your module / department?

5. For individuals: is this technique something you can implement on your own or is it something the whole department could benefit from?
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1. For what purpose do you wish to use C&IT in learning and teaching?

(e.g. to enhance presentations: PowerPointTM, interactive spreadsheets – see Attachment 4; to develop students’ IT skills; to support learning: Web pages, computer-assisted learning (CAL) / computer-based assessment (CBA) packages – see Attachment 2 and 3, 5 and Curriculum Development section).

2. Do you have the appropriate technical know-how and, if not, the time to acquire it or access to the relevant support personnel?

3. How much time and resources will it take to implement and what are the potential pitfalls?

(This is particularly important when considering the use of CAL or CBA which are likely to involve multiple, simultaneous usage of software, a need to train students to use the technology, recording and monitoring techniques etc.)

4. Given the above considerations, is the use of C&IT still the most appropriate, effective and efficient means for enhancing learning in your module / department (if not, don’t use it)?

5. For individuals: is this technique something you can implement on your own or is it something the whole department could benefit from?

(For example, the use of CAL or CBA may be more efficient if implemented across the department by e.g. providing the software on a network, developing questions and providing technical support for CBA)

Attachment 1
Examples of the use of C&IT to Enhance Learning & Teaching in the Earth Sciences
C&IT can be viewed as an additional learning resource which should be integrated into the students’ learning experience in the same way as lectures, tutorials, fieldwork and labwork.

It is possible to use C&IT to enhance learning and teaching in many different ways, for example:

Accessing electronic journals
University of Sheffield links to electronic Earth Science journals.

http://www.shef.ac.uk/~lib/elecjnls/ejearth.html



Computer-generated presentations in lectures
word processed OHPS, PowerPointTM

Electronic publication of lecture notes
via email or WWW

Research using WWW-based databases
search engines: 

e.g. Lycos (http://www.lycos.co.uk) 

Yahoo (http:// www.yahoo.co.uk)

Ingenta Journals 

(formally BIDS http://www.bids.ac.uk)

Geo-ref On-line Database (http://georef.cos.com/)



Running electronic discussion groups
via Mailbase (http://www.mailbase.ac.uk), hypermail



Setting problems using tools such as spreadsheets and databases
see Attachment 4

Using computer-based learning and assessment programmes
UK Earth Science Courseware Consortium (UKESCC): http://www.man.ac.uk/~ukescc/

Interactive Mathematics & Geoscience Education (IMAGE): http://www.ucl.ac.uk/geolsci/edu/ugrads/image.htm

TRIpartite Assessment Delivery System (TRIADS): http://www.pcweb.liv.ac.uk/apboyle/triads/index.html



Using e-mail communications for class management


These different techniques can be categorised by the interactivity they require of the learner e.g.

Presentations
Computer-based assessment (CBA) / 
Email discussions;


Computer-aided learning (CAL)
Student-generated resources (e.g. Web pages)




Passive
Active

Attachment 2

Developing Web-Based Learning and Information to Support Geoscience Courses
Roger Suthren, School of Biological & Molecular Sciences: Geology, Oxford Brookes University
As part of a resource-based learning project, it is our aim to provide a home page for each of our geoscience modules. Each module page contains links to academic and administrative information, and common links to the Library and study skills pages. Development of learning materials linked to each module is at various stages, ranging from on-line lectures and posters, to week by week guides to recommended Internet resources for particular topics. Some pages are being developed by students for course credit. Module pages include on-line tests (mainly using the CASTLE toolkit) to give students regular feedback on their understanding of topics, and in a few cases for summative assessment. Over the next few months, module-specific information will be linked to an on-line version of our course handbooks. The web pages may be accessed from: http://www.brookes.ac.uk/geology/modules.html
From the module information home page (URL above) there are currently links to 21 out of the 45 available modules, as well as links to the library (home page and geology pages) and to the Georef on-line bibliographic database (http://georef.cos.com).

The WWW is used, in this context, to guide students through available resources. For example, an updateable on-line reading list. Lecturers can utilise existing materials rather than having to produce their own (don't need to reinvent the wheel).

 An example of the use of existing resources is the use of 'Virtual Earthquake': this is an exercise to take students through the  basics of locating the epicentre for a chosen 'quake, calculating Richter magnitude etc.. It tests graph reading skills, is well  illustrated, has a step-by-step approach and allows progress to the next stage only after correct answers have been given.  Successful students get a "Virtual Seismologist" certificate to print out - easy for the lecturer to mark! http://vcourseware3.calstatela.edu/VirtualEarthquake/VQuakeIntro.html
Another example is the use of the CASTLE toolkit, based at the University of Leicester. The CASTLE toolkit has been developed so that Tutors and Course managers can create on-line interactive assessment tools quickly and easily without any prior knowledge of HTML, cgi, or similar scripting languages. There is a suite of applications which will eventually include on-line course assessment and student progress monitoring. 

http://www.le.ac.uk/cc/ltg/castle/tools/intro.html 

Attachment 3

WWW in a Self-Taught Isotope Geology Course

Martin Palmer, Department of Earth Sciences, University of Bristol

This course began in the winter of 1997. It is almost entirely Web-based with an introductory lecture and some follow-up lectures. The course is easily accessible from the University of Bristol Geology home page.

(course URL http://www.gly.bris.ac.uk/www/teach/Level2Iso%20(delete)/Level2Iso.html)

I have been teaching a second year isotope geochemistry course for the past five years. Essentially this is a nuts and bolts course, in that its main function is to teach students how to use radiogenic and stable isotope systems to tackle geologic problems. I decided to try the WWW approach for several reasons.

1. The students have a wide range of abilities (particularly in terms of their maths skills). This means that some students grasps the concepts in the lectures within a few minutes and then find the remaining half an hour rather boring, while others cannot understand how to manipulate the equations, even after 45 minutes of a lecture.

2. It is not clear to me that the best way of transferring skills is to stand up in front of a lecture theatre and seek to transfer my notes to the students with minimal transcription errors. In addition, these lectures do not require a great deal of student-lecturer interaction of the type that might take place in exploring more open ended concepts in higher level courses.

3. The traditional course has relatively few practical classes in which to explore the students understanding of the course. Again, some students can complete the exercises in a matter of minutes, while others are still struggling after 3 hours.

4. The skills they learn from the isotope course form the basis for courses taught later in the 2nd and 3rd years. If the students have not fully grasped the isotope concepts when the course was first presented, they have to rely on their own notes (that are often inadequate) or try and follow the text books. There are a couple of very good text books, but they contain far more information than the students need to know at this stage, there are a limited number available in the library and they are too expensive for the students to purchase themselves.

I designed the WWW Isotope Course to try and address these issues. Specifically:

· It allows students to work through the material at their own pace. If they don't understand the material at first reading they can re-read it and go to specific sections in text books that are referred to in the WWW content. 

· The material is available for review at any time during the student's time at Bristol and it is unfiltered by the note taking process in the classroom. 

· There are self assessment exercises at the end of each of the modules that allow the student to test their understanding. These exercises include hints to help students and some feedback on where they are likely to go wrong. 

What are the likely pitfalls?
· The students won't bother to do the course.

Yes this is likely, but every year there are a small percentage that don't bother turning up for lectures. University students are adults; if they can't be bothered to work it is not our job to chase them.

· The students will feel abandoned.

I recognise that this is a problem, so I have organised a weekly "surgery" to help support the students that still have problems understanding the material. It was suggested at the Southampton meeting that it would be a good idea to give a few lectures about the applications of isotopes so that the students could see the point of the work and keep up their interest. This is a good idea, and certainly one that I will take on board.

I am sure there will be more problems that appear on the way, but these are the only ones so far! 

How will the course develop?
1. Through the surgeries I hope to be able to identify the areas where students find most problems and amend the course accordingly.

2. I would like to make the course look more attractive in terms of its presentation, but this requires support in terms of man hours and we have not yet been given the resources to do this.

3. I would like to put the course on CD so that students can take it home with them and revise over vacations. As all the material has been generated by myself there are no copyright problems, so it may be possible to make it available to students from outside Bristol in the future.

4. Because the course is in an electronic format it would be simple to add more advanced material to support specific isotope applications for higher level geology courses, or post graduate level applications.

Attachment 4

Using Spreadsheets for Interactive Learning and Teaching

Illustrating Core Mathematics and Statistics with EXCELTM
Graham Hendry, School of Earth Sciences, University of Birmingham
Excel's "user friendly" interface, extensive charting facilities and mathematical and statistical functions (more than 100 in Excel 7) make it an ideal tool for teaching geo-mathematical modelling and statistics. One important feature that is often overlooked is Excel's ability to produce CAL (Computer Aided Learning) material using 'Form Controls' and Simple VBA macros. These can be used to help students, particularly those with limited mathematical experience, to visualise important concepts, either as part of spreadsheet exercises or as additional material made available, for example, via the School's Intranet.

Interactive worksheets can be used to illustrate mathematical (solution of simultaneous equations, roots of equations) and statistical concepts (the normal distribution, linear regression). Scroller bars and buttons can be used to dynamically alter data and, hence, to animate associated graphics.

The Use of Embedded Graphs in Teaching with ExcelTM
Richard Treves, Environment Department, University of Sunderland
One of the characteristics of current spreadsheet software is 'embedded' graphs. This means that with a program such as Excel a set of data can be viewed as numbers and as a graph on screen at the same time. An example of a spreadsheet used for teaching the interaction of recharge and specific yield on the water table is given. Students manipulated the spreadsheet in a practical, the response from them was good, they picked up the concept well and also gained useful experience of dealing with computers for the first time.

Introduction
Embedded graphs in Excel update themselves each time a cell entry is changed so that the effect of changing one of the numbers in the data set can be seen on the graph as soon as it has been entered. This characteristic can be put to good use in teaching by writing a spreadsheet that is a computer simulation of reality (e.g. a graph of water table height vs. time given values of recharge and specific yield). Students can change the variables (recharge, specific yield) and see the effect that such a change causes (increase in recharge will result in a water table rise).

Advantages
This type of practical has a number of advantages:

· A good technique to get over difficult concepts such as water table evolution with time. 

· Serves as a good introduction to computers to computer illiterate students as there is very little to do other than load the spreadsheet onto the computer and change a few selected numbers. 

· Introduces the concept of computer modelling, a difficult area to teach but one of great importance. 

Examples
Three spreadsheets of this type have been developed by the author for use in the following subject areas:

1. Water table evolution with time given varying recharge rates and specific storage values 

2. Water table evolution with time given varying recharge rates, specific storage values and permeability values 

3. Apparent resistivity readings from a Wenner array given different layer resistivities and depths 

Spreadsheets 1 and 2: Originally only one spreadsheet was developed for teaching this subject. However, students struggled with understanding the effect of the variables on the model if they were introduced all at once. They learnt better if variables were introduced separately, so the practical was expanded into 2 practicals the second leading on from the first.

Spreadsheet 3: This practical uses the embedded graph facility of Excel but in a more realistic situation. The spreadsheet is a simplified version of current geophysical software where data is matched against models of the subsurface until a good match is found. Before this spreadsheet was developed proper geophysical software was used but the students spent too much time learning how to get the software to do what they wanted it to rather than exploring the concepts the practical covered.

Lessons Learnt
· It is important to explain clearly what the students will see on screen before they open the spreadsheet (e.g. What the axes mean, what the different plots on the graph represent) 

· It is better to have 1 PC to 1 student so they can get 'hands on' experience of altering the variables and seeing the change. Students had a written handout that told them how to run the spreadsheet with spaces for answers on the same sheet. 

· With computer illiterate students it is vital to make the first practical they attempt achievable. If they have trouble with the first practical they tend to decide computers are 'hard to understand' and will approach later computer practicals with low enthusiasm.

Attachment 5
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URLs

http://www.isgs.uiuc.edu/earthsci/es_links.htm 

Earth/Geoscience Information on the Web. Links to over 550 sites. A Service of the ISGS Library 

http://agcwww.bio.ns.ca/sotw/sotw.html 

Earth Science Site of the Week 

http://www.soton.ac.uk/~ukgec/ESTA/
Earth Science Teachers Association

http://vcourseware3.calstatela.edu/GeoLabs/index.html
Geology Labs On-Line is a comprehensive project to develop Web-based lab activities that enhance the learning and teaching of Geology and other Earth Science courses at the College and High School AP level. These "Virtual" labs are interactive where students learn by "doing" and not just clicking and viewing. Currently available: Virtual Dating-Isochron; Virtual Dating-Radiocarbon; Virtual Earthquake. Coming soon: Virtual Coast; Virtual Plate Tectonics; Virtual Groundwater; Virtual River; Virtual Landslide; Virtual Volcano

http://georef.cos.com/
GeoRef: On-line Database. Access to over 1.8 million references to articles, books, maps, conference papers, reports, and theses covering the geosciences.

http://geoweb.tamu.edu/faculty/herbert/Geosciences.html
Geoscience On-line. Links to lots of useful resources.

http://www.geolsoc.org.uk/
The Geological Society 

http://www.ucl.ac.uk/geolsci/edu/ugrads/image.htm
Interactive Mathematics & Geoscience Education (IMAGE). The project aims to develop essential skills applicable to geoscience education, primarily under the subdivisions of mathematics and fieldwork.
http://www.liv.ac.uk/~serr15/s_earth.html
The Soft Earth aims to be more of a resource listing for Geoscience software available on the Internet.

http://www.pcweb.liv.ac.uk/apboyle/triads/index.html 

TRIpartite Assessment Delivery System (TRIADS). This project aims to improve the quality of learning by promoting a 'learning outcomes led' approach to curriculum design. Comparisons of actual and intended outcomes can then be used to assess the quality of teaching and learning. This approach depends on learning outcomes being objectively and reproducibly assessed. The project has ascertained which learning outcomes can be best assessed using this technology, and then adapted an existing generic, multimedia, computer-based assessment system for both formative and summative testing of knowledge, understanding and skills.

http://www.man.ac.uk/~ukescc/
UK Earth Science Courseware Consortium (UKESCC). Software for Earth science teaching and learning.

http://teachserv.earth.ox.ac.uk/resources/v_earth.html

The Virtual Earth. This page is an introduction to the World Wide Web for Earth Scientists. It is not intended to be a resource listing, but to illustrate the potential of the Web as an information retrieval system.

http://www.uh.edu/~jbutler/anon/anonfield.html
The Virtual Geosciences Professor 

http://www.soton.ac.uk/~imw/index.htm
West's Geology Directory. This is a large directory of Internet links on geology and Earth science topics. Major sections of geology such as fossils and palaeontology, minerals and mineralogy, stratigraphy, and sedimentology are in some of the separate web pages which form the directory.
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