Section Three

Module and Curriculum Development

Module Development

Module Development
Modules and units have finite lifetimes. These are determined by the speed of development of Earth science research, new learning and teaching techniques (e.g. the use of technology) and the changing student population and available resources. Sometimes a ‘quick fix’ solution may be enough to update the module (e.g. see attachments in Sections Two and Three), however, it will eventually be necessary to either redesign the module or to create a new one.

This chapter is designed to support individuals or groups of individuals in the process of updating or creating single Earth science modules or units. 

This chapter provides a series of questions to guide you through the process of module development. Background information and supporting theory are provided along the way but, ultimately, as every module is different, it is up to you how you use the information you gain. You may also find it useful to refer to the Curriculum Development section as well as to workshops in section two.

Work through each question, noting down as many points as possible. Try to answer the question first using your own experience of learning and teaching before reading the background information. Once you have answered all the questions as fully as you are able then you should be in a position to write an outline timetable of learning, teaching and assessment. Once this outline has been written then you can fill in the details of the topics.

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 into your strategy to allow you to review your and your students’ progress and adapt as necessary.

Workshop Outline
Questions:
1. What are the learning outcomes of the module?

2. How are the learning outcomes to be assessed?

3. How can the learning best be facilitated?

4. How and when is the module to be evaluated?

5. On the basis of the above information prepare an outline of the timetable for the module.

Attachments:
1. Choosing Appropriate Assessment Methods

2. Computer-Based Assessment 

3. Understanding How Students Learn: Part II

4. Applying the Underlying Principles of Learning to Teaching

5. An example of problem-based learning

6. Bibliography & URLs

1. What are the learning outcomes of the module?
(Including Earth science content, Key Skills and technical skills. See Curriculum Development Attachment 1.)

2. How are the learning outcomes to be assessed?

(See Attachments 1 and 2)

3. How can the learning best be facilitated?

(see Attachments 3 and 4)

4. How and when is the module to be evaluated?

(see Curriculum Development Attachment 4)

5. On the basis of the above information prepare an outline of the timetable for the module.

Attachment 1

Choosing Appropriate Assessment Methods

Before considering which assessment method(s) to use it is crucial to consider what is to be assessed and for what purpose (formative or summative). The assessment methods should, therefore, be considered against the goals and objectives for the module.

Other considerations are:

· Reliability of the assessment method: how far can the results be trusted.

· Does the methods promote real learning? or does it simply encourage students to rote learn a series of unconnected facts?

· The costs of the method: in terms of staff and student time and available resources.



A very useful reference is the ‘First Words on Assessing Students Work’ written by David Baume and published on the Oxford Centre for Staff and Learning Development’s Web site at http://www.brookes.ac.uk/services/ocsd/fw2con.html
Purpose of Assessment

Formative Assessment: The purposes of formative assessment include helping students to develop skills and understanding, seeing what and how well they understand and how that understanding progresses, and supporting them to enhance their learning.

Formative assessment is a vital part of skills development (e.g. mapping skills, lab skills, Key Skills) and, in order to be effective, must contain an element of feedback. Formative assessment is essentially the driver for the cyclical path of experiential learning (see Understanding Student Learning: Part I). 

For example, the student gives a ‘practice run’ oral presentation (not only does this give them the opportunity to practise the skill but it gives the teacher a baseline measure on against which to assess them summatively). The teacher (or peer) then provides verbal or written constructive feedback. The student can then think about their performance in the light of the feedback and plan how they will do better the next time.

Summative Assessment: The purpose of summative assessment is to provide a measure of achievement.

Check points for your Assessment Strategy

(See also ‘Designing and Delivering the Test’: Attachment 2)

· Are the purposes of the assessment clearly explained to all stakeholders?

· Are there opportunities to provide the students with meaningful and useful feedback?

· Has the assessment been developed as an integral part of the module design?

· Are the criteria clear and explicit?

· Is the amount manageable for staff and students?

· Is the assessment valid, reliable and consistent?
Is the assessment open to periodic review leading to quality improvements?

The table below suggests some of the many different assessment methods which may be used. The purpose of the table is to highlight the variety of assessment methods, it does not intend to provide an inclusive list. The bibliography (Attachment 6) provides many sources of further ideas, as does discussion with colleagues and students.

What is to be Assessed
Considerations / Criteria
Examples of Methods

Rules, formulae, definitions and anything which has a single correct answer (i.e. not open to interpretation).

Multiple choice, true or false, sentence completion etc. (see computer-based assessment methods: Attachment 4)



Communication and / or interpretation (where there is no specific right or wrong answer)
· Range and quality of evidence the student has used

· Consideration of others’ views and interpretations

· Ability to synthesise
Essays, reports, plans, projects, portfolios, Web pages, oral presentations. Open book exams (as long as questions are constructed appropriately such that the students cannot simply reproduce the text).

Different formats and styles (e.g. writing for lay or geological audiences, in the style of New Scientist, Nature, The Times, The Sun, memos, critiques etc..)

Case study or problem-based assessment (as opposed to simply asking a question).



Key Skills: Written or verbal presentations 

(For further assessment ideas see Curriculum Development Attachment 2)
· Is the product or (and) the process being assessed?
Measure achievement against specific criteria (ensure students know criteria in advance). 

Self and peer assessment may be used formatively to provide feedback. 

Allow the students a practice run (this helps to increase their confidence and provides a baseline measure against which to measure achievement).

Key Skills: Teamwork
· Is the product or (and) the process being assessed?
Unless it is possible to observe the behaviour of the team it is difficult to assess the process. However, the quality of the product will be related to how well they worked together. Marking the product should be flexible enough to account for students who did / could not contribute (either by their own choice or by being pushed out by colleagues). If there are problems, a group viva may be helpful.

Ideas for marking strategies:

A single mark for the group – as long as it does not carry a large proportion of the marks for the module.

A single mark for the product (e.g. 16/20), multiply this by the number of students in the group (e.g. 6x16=96). The students then discuss the allocation of marks per person (no one can get more than 20/20).

Each student receives the same mark for the product (e.g. out of 20) and a second mark, from their peers (e.g. out of 10), on their contribution to the team.

Each student receives the same mark for the product and an end of module assessment tests the individual’s understanding.

Attachment 2

Computer-Based Assessment
Designing and delivering a test

When designing a test think about how / who / what you are assessing - you may not necessarily need CBA. For any assessment method and particularly for CBA it is suggested that the following steps are taken:

1. Determine the purpose of the test.

2. Identify the learning outcomes to be measured / tested.

3. Identify the outcomes in terms of specific, observable behaviour.

4. Outline the subject matter to be tested / measured.

5. Prepare a table of specifications (i.e. relate subject matter and coverage to specific outcomes / objectives.

6. Use the table of specification to prepare the test.

7. Deliver the test and analyse the outcomes by item analysis.

8. Amend items where necessary before the next delivery.

Three examples of CBA software are given below, these are ‘Tutorial Markup Language (TML)’, ‘The Geodata Quiz’ and ‘TRIADS’.

Question Delivery Over The Web Using TML

Paul Browning, Jane Williams, Dan Brickley and Helene Missou, University Of Bristol
The Tutorial Mark-up Language (TML) is an interchange format designed to separate the semantic content of a question from its screen layout or formatting. The language supports several different types of question within the same content model and is essentially a super-set of HTML. Various tools allow the questions contained within TML files to be delivered to students via the World Wide Web and for responses to be tracked and analysed. Fuller details and example question sets are available from the NetQuest project page: http://www.ilrt.bris.ac.uk/mru/netquest/tml/
A TML file is a plain text file containing only HTML and TML. A number of "tags" are defined which act as semantic descriptors. These tags allow the definition of several different parts of a question, including scoring, and optionally the defaults for any section.

So far, four different types of question been implemented (Multiple-Choice, Poly-Choice, Word-Match and Hot-Image), and from the experience with these a much wider range should be possible. A typical TML file has a number of sections which comprise: a title for the tutorial, a section describing defaults, the actual question text in HTML, the correct and incorrect answers, a set of responses tied to the answers, a set of scores tied to the answers and a set of hints. The limited number of sections provide a simple format for the file but are capable of representing a wide range of question types. Any standard HTML mark-up may be used for the question type, answers, responses and hints; links to other documents, images and equations (when browsers eventually support them) may be included.

Support Utilities

Delivery Program
The program which has been used to test the TML format is a Perl script which runs on the WWW server to convert the TML file into sequences of normal HTML pages. It takes the information in the tutorial, the feedback from the student and the saved state for the real (in "authenticated" mode) or fake (in "anonymous" mode) user ID and constructs a suitable response page. The flexibility of the program is extended by its modular architecture. Each question type is implemented in a small module, and a core set of functions exist in an `engine' file which handles logging, navigation and TML parsing.

Reporting Program
A reporting program can analyse the results from the tests. At the time of writing, this program reports the number of questions attempted, the total score and the number of hints for each ID. It is being extended to report also on a per question basis, which can help to identify areas of knowledge which are lacking across all the students, in addition to questions which are inappropriate or incorrect.

Password Protection Program
When the tutorial engine is used in authenticated mode, an auxiliary program to enable lecturers to quickly and easily set up student passwords and classroom groups is being developed. This program uses a WWW-based front end.

Future Developments
Tutorial Authoring Tool
Presently TML files are constructed using any editor. We are investigating other tools for authoring (e.g. wizards in Word/Excel/Access, a forms- based Web tool). 

Image Map Authoring Tool
A JAVA applet is being developed to allow hot-image type questions to be authored quickly and easily.

Questionbanks
We wish to provide searchable catalogues of questions to enable "intelligent" selection from a database. 

XML
TML is in fact an SGML DTD. The development of XML offers the prospect of presenting (and processing) TML as a client-side XML application (without having to use CGI scripts on a server to render tutorials).

Import-Export filters
We would like to provide filters to allow the easy exchange of question content from one assessment delivery system to another via the medium of the TML interchange format.

Other platforms
We are presently documenting a port of the TML system to Windows/NT and will then consider doing the same for MacOS. Other sites have already completed ports of TML to both these operating systems. 

Conclusions

TML is open, easily modifiable, networkable and - by virtue of being Web-based - independent of platform. It offers the potential to: 

· facilitate the exchange of question content between different computer-aided assessment systems 

· deliver low-cost student assessment and (especially) student self-assessment in any networked computer environment. 

TML is being used within a growing number of departments at the University of Bristol and it is anticipated that this form of question delivery will become very significant over the next few years. 

The hardest thing about TML is constructing good quality questions to deliver with it! 
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The Geodata Quiz

Jason Sadler,  GeoData Institute, University of Southampton

... a flexible tool for student revision and assessment 




Electronic Publishing Group

GeoData Institute, University of Southampton

http://www.geodata.soton.ac.uk/ElecPub
The GeoData Quiz comprises a collection of applications for producing and presenting quizzes and questionnaires either in a Windows environment or via the Web. 
The Windows Quiz and QuizWriter

An interactive Windows Quiz application has been developed with the support of a number of departments within the University of Southampton. The design philosophy behind the application was to create a generic tool for questioning students in the University networked Windows environment, replicating and extending typically used question formats. The Quiz application has on a number of occasions successfully been used in the formal assessment of several hundred (Biology and Medical) students in a single afternoon.

The executable program presents information from quiz configuration files which determine the application behaviour and specify an arbitrary number of quiz questions using several standard templates. Quizzes are fully modifiable by course tutors either by editing the files directly, or using the associated Quiz Writer application. Available question types are True-False, Fill the Gaps, Multiple Choice, Drag and Drop, and Identify features from an Image. Current facilities include question timing, practice and assessed questions (with optional scoring and feedback), variable tries per answer, flexible answer matching through the use of wildcards and accepted variations, and multimedia linking. Facilities for enforcing exam conditions include the inability to exit or restart the application, options for ensuring all question parts are completed before continuing, and quiz file encryption. 

The WebQuiz

A World Wide Web version of the Quiz is currently under development at the GeoData Institute. Quizzes can be developed and tested using the Windows QuizWriter and seamlessly delivered via the Internet. The current version (2.0, March 1998) supports virtually all features of the Windows version, plus additional Web functionality. The WebQuiz uses standard HTML forms and the CGI interface to deliver quizzes from a Web server to any browser supporting these standards - no plug-in technologies or Java or Javascript functionality are required.
Quiz Features

A variety of Quiz facilities can be configured by the user. These may be specified globally for the quiz as a whole, for each question, or default values used. 

· Use Practice Questions to prepare students, then keep track of their score in a Marked Assessment.

· Question Timing limits the amount of time available to answer a question.

· Question Feedback can be configured or disabled according to your needs.

· Variable Scoring specifies the number of marks awarded for each correct answer.

· Variable Tries allow users a number of attempts at each question.

· Flexible Answer Matching can be enabled for typed answers through the use of wildcards and acceptable variations.

· Simulation of Exam Conditions allow you to prevent users from exiting, force completion of questions, and encrypt quiz configuration files.

· Multimedia Linking allows access to images, digital video and other multimedia documents directly from Quiz questions.
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TRIADS - TRIpartite Interactive Assessment Delivery System

Don MacKenzie, Department of Earth Sciences, University of Derby

Introduction

TRIADS is a toolkit for users of Authorware Professional designed to facilitate rapid and easy production of computer aided assessments. The sign-on, question sequencing, results calculation and filing are handled automatically. 

The System has been developed in operation since 1992 at the University of Derby and is currently being extended in collaboration with Earth, Physical, Natural and Medical Science departments at the University of Liverpool and the Department of Earth Sciences at the Open University under the auspices of the Assessment of Learning Outcomes Project led by the University of Liverpool and funded by the HEFCE under the Fund for the Development of Teaching and Learning initiative.

Overview of System Features

Question templates and proformas are provided to speed the production of a wide variety of question styles and experienced Authorware programmers may insert their own questions into the system by use of the empty question shells supplied, subject to obeying a few simple rules. 

A question 'Editing Mode' skips the start-up screens and provides enhanced on-screen information about questions during their construction and on completion. Once created, questions may be saved as Authorware 'model' files for use in subsequent assessments. 

Assessments, once packaged may be loaded onto a network and configured at run-time by the tutor with respect to mode of assessment and nature and location of results output. Results may be saved in MS-Excel compatible text files or as encrypted files which may be translated by means of a separate program supplied to the tutor with the system. DIADS is therefore much more than just a multiple-choice question generator. 

The system harnesses all the facilities of one of the most powerful authoring systems available which allows the production of questions in a very wide selection of interaction styles up to the level of full multimedia simulations. It is therefore much more flexible than any of the dedicated commercial systems currently available and easily customised to local requirements. 

Scoring 

Scoring is flexible and scores for individual selections are tutor-defined. Questions may be weighted and negative scores may be optionally carried-over if desired by the tutor.

Results Files 

Results files may be saved either as MS-Excel compatible delimited text files or as encrypted files which may be translated by means of a separate program supplied to the tutor with the system. 

Question Styles 

The DIADS/TRIADS system provides the facility to develop a wide range of question styles, a selection of which are included in the demonstration program. Question code shells (templates) are currently being produced for all of the styles included in the demonstration so that new questions can be input with ease by relatively inexperienced Authorware users. Additionally, skeleton code shells are provided for more experienced Authorware users to enable the inclusion of complex simulations as questions within the system.

Multiple-choice/response types 

· Text +/-graphics up to 10 selections - optionally scored 'Don't know' 

· Multiple True/False/Yes/No - up to five statements for which True/False/Don't know answers required 

· Matrix +/-graphics - multiple response with up to 25 selections

· Rectangular hotspot - multiple choice/response selection of hidden rectangles on graphic 

· Rectangular hotspot - with randomised data, select area on diagram in response to data/graphic presented **

· Polygonal hotspot - multiple choice/response selection of hidden irregular areas on graphic

· Polygonal hotspot - with randomised data, select area on diagram in response to data/graphic presented**

· Hot object - multiple choice/response selection of visible irregular shaped graphics 

· Hot object - with randomised data, select area on diagram in response to data/graphic presented**

· Assertion-reason - user is asked to assess the quality of evidence for a statement 

· Text Analysis - user selects line(s) of text in response to question**

· Scrolling Multiple-choice/response**

· Checkbox matrix - **

· Multiple Question - Multiple Answer ** 

Move object types (text/graphics)

· Label diagram - up to 18 labels in group +/- dummy labels, dummy positions, and penalty scores. 

· Randomised label diagram - labels presented to user, one at a time, in random sequence. 

· Randomised graphic/data + label diagram - identify graphics/data presented and position id. label on diagram.** 

· Sequencing - build sequence text/graphic - 4 sequence scoring algorithms. 

· Classification - fill a table - place text/graphics into classes. 

· Sequenced classification - place text/graphics into classes with contents in correct sequence.** 

· Slider(s) on scale - move slider(s) to position on continuous X or Y scale.** 

· Controlled remote animation - movement of one object by the user controls the movement of a second object.** 

· Build diagram - move graphic objects to position - useful for simulations** 

Text Entry - (+/- graphics)

· Single text - text or numeric +/- random data generation for calculations

· Multiple text entries - form filling - type labels to diagram - up to 10 entries per screen/template, +/- graphics.

· Sequential/multiple text entry - with entry carryover to supplemental question.** 

All templates of this type will cope with text entries, numeric entries, mixed text entry and numeric entry and numeric entries within text. Tutor may specify an error range for testing numeric entries. The user's entry in the first entry position of a question may be used to branch the testing of subsequent multiple entries. 

Plot Point

· Plot point - click anywhere, X,Y co-ordinates returned for testing against a calculated answer. 

Draw Object

· Line - test slope, intercept on Y, length, start and end X,Y positions.

· Arrow - test slope, intercept on Y, length, direction of arrow, start and end X,Y positions.

· Box & Circle - outline area, check boundaries.

Graph Plotting (under development)

· A series of modular templates with tutor-configurable graph paper which can be 'bolted together' to test graph plotting and interpretation skills.

Compound-supplementary type

Any of the types listed above followed by one or more supplementary question(s) which may or may not be asked according to the users response to the primary question. Variables are tutor-defined and answers to early questions can form part of later questions. Examples include:

· Matrix-sequencing - select from up to 25 choices then place selections in sequence;

· Matrix-classification - select from up to 25 choices then classify selections into up to 6 groups;

· Matrix-sequenced classification - select from up to 25 choices then classify selections into up to 6 groups with items in

· each group placed in sequence.

· Multiple text entry + labelling - type entry and match with label. 

· Multiple text entry + sliders - type entry and estimate value

The balance of score between primary and supplementary question may be weighted by tutor.

Simulations and empty templates (shells) 

Empty templates(shells) are provided so that assessment creators may program complex interactions up to the level of full simulations. Any complexity of code will work in a shell and will be scored by the system so long as a few simple rules are followed with respect to the nomenclature of scoring variables.

Feedback

Several types of feedback are provided in the question templates:

· Immediate - feedback appears as soon as a selection/action/input is made in response to a question.

· Summary - feedback at the end of the question when all selections / actions/input has been completed.

· Tutorial - jump to an Authorware tutorial/courseware module imported into the system as a model file.

· Web site - display a remote or local html file. (Web delivered assessments only) 

Feedback screens built into the templates may be modified and enhanced by the tutor as required during the compilation of the assessment.

Randomisation

It is possible to configure the system to make a random selection from a group of questions for each question in a test.
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Attachment 3

Understanding How Students Learn: Part II
How do Students Learn and How Can Learning Best be Facilitated?
Attachment 1 of the ‘Large Classes’ workshop outlines the main principles of learning:

· People learn by constructing knowledge: building on pre-existing ideas and understanding. 

· They do this best by learning by experience and having the opportunities to review their experiences and apply their understanding to new experiences. 

· Learners involve themselves in the experience in different ways, some involve themselves fully in the new experience, some like to stand back and ponder, others like to adapt their observations into theories and others like to try out theories in practice. 

· In reality, most learners are a mixture of one or more of these learning styles.

Deep and Surface Learning
Regardless of the individual learning styles, some students will usually understand the topic better and retain the information for longer. This is a result of their approach to learning.

Investigations into student learning have identified two different approaches with two different outcomes (e.g. Marton and Säljö, 1976; Biggs, 1979; Entwhistle and Ramsden, 1983). Some students may strongly prefer one or other of the approaches but most will adopt whichever is preferable in the circumstances.

Students who adopt a deep approach to their learning aim to gain understanding. Hence, they read widely, discuss the topic with others and generally seek to make sense of the new knowledge in the context of what they already know about this and related topics. If they are interested in gaining high marks they will study all of the topics on which they will be assessed, try to predict questions (in unseen exams) and plan their study time carefully. Those not interested in gaining high marks will follow their own lines of interest and leave the assessment to chance.

Students who adopt a surface approach are mainly interested in meeting the demands of the system. They only reproduce enough information to satisfy the requirements of the module (e.g. they will do little extra background reading). They will often resort to rote learning and will be satisfied if they can retrieve what they memorised even if it is not fully understood. Many students who adopt this approach are only aiming to pass, though some may aim for higher marks believing these can be obtained by reproducing more information.

· Research has shown that students who adopt a deep approach to learning will retain knowledge for longer, understand the topic better, produce more logical and coherent work and make more connections between different topics than those who adopt a surface approach (e.g. Biggs, 1987).

· Therefore, it is important that the module design encourages a deep approach to learning.

Encouraging a Deep Approach to Learning
Understanding that different individuals have different learning styles is important to support their learning. But, in order to encourage deep learning, the module needs to be planned strategically. Biggs (1989) collated the results of many research studies and came up with a list of four principle elements that have been shown to encourage deep learning:

· Motivation

Although students may be motivated by aspects such as teacher personality, course or module design is an extremely important aspect: e.g.

· Relevance: design the module around real-life issues, recent research etc.

· Structure and sequence activities and assessment to ensure that students understand the criteria and receive sufficient informal feedback on their progress

· Positive working environment: if the student feels alienated or that no one cares about whether they turn up or not then motivation (particularly in the face of difficult topics) will be undermined

· Learner Activity

“If students are to learn desired outcomes in a reasonably effective manner, then the teacher’s fundamental task is to get them to engage in learning activities that are likely to result in their achieving those outcomes……It is helpful to remember that what the student does is actually more important in determining what is learned than what the teacher does.” (Shuell: quoted in Biggs, 1995)

In order to get the students involved in the topic they need to be actively engaged from the beginning of the module, e.g. by

· Generating questions

· Identifying prior knowledge and areas of ignorance

· Applying new knowledge to questions and problems

· Interaction: with peers and teachers

Working with others (e.g. in tutorials, brief small group discussion in lectures, groupwork in the lab or field) requires the student to put into words their understandings and ideas about the topic. Further discussion then helps them to challenge, clarify and strengthen that understanding.

· Well structured knowledge base

It is important that the students integrate the new knowledge with their pre-existing understandings. For example, their prior knowledge of the topic, their knowledge of the world in which they live, previously studied topics, fieldwork and labwork. In a modular system this is particularly important to help students avoid compartmentalising knowledge. For example, it is no use knowing about individual topics such as sedimentology, structural geology and igneous geology if that knowledge and understanding  cannot be integrated in order to interpret a folded, intruded sequence in the field.

Attachment 4

Applying the Underlying Principles of Learning to Teaching

The following table briefly outlines how the principles introduced in ‘Understanding Student Learning: Parts I & II may be addressed. The Earth sciences naturally provide a diversity of learning environments and many of the suggested teaching approaches are already done in many modules. The aim of the table is to give examples of explicit connections between learning and teaching (and the links with research) in order to help inform module development.

Underlying Principle Of Learning
Some Ideas For Teaching Approaches
Examples

Experiential Learning
· Provide opportunities for students to practise applying their knowledge and understanding.

· Provide constructive feedback to help the students analyse their work and develop principles.

· Provide further opportunities for the students to reapply their knowledge in the light of their previous experience.


Students apply knowledge to interpret a structure in the field.

Staff give verbal feedback whilst the student is working; written feedback in field notebook (same day); group debrief

Next day of fieldtrip or next trip.

Different Learning Styles
· Ensure a variety of learning environments

· Provide students with opportunities to take on different roles

· Be prepared to explain difficult concepts or ideas in different ways

· Require the students to do different types of coursework and /or assessment
Earth science is invaluable: there is fieldwork, lab work, tutorials, seminars, lectures etc.

In group work, alternate the leader, scribe, etc.. Split problem-solving exercises into different sections which require students to work differently (e.g. in groups, individually, research, analyse, calculate, write a report, discuss with others etc.) but ensure there is a clear thread running through.

Is there something that students always find difficult? Prepare several different scenarios which explain or apply the concept. Use different approaches in each case, e.g. theoretical, applied to a real life situation, applied to a hypothetical situation, applied to a ‘mock up’ (e.g. using piles of books to demonstrate faulting or how to measure dips and strikes)

Answering questions, researching a topic, analysing data. Assess (summatively or formatively*) report written in style of newspaper  / journal article, lab report; oral presentation; posters; computer-based assessment; etc.



· Summative assessment produces a measure which sum’s up achievement

Formative assessment provides an estimate of achievement which can be used to help the learning process 

(Brown and Knight, 1994)
Deep Learning
· Motivation


Ensure the students are fully informed on why certain topics are being covered (their relevance to the course and relationship to other topics, fieldwork, ‘real life’ geological work etc.), why they are being asked to do certain tasks, how they will be assessed and the assessment criteria etc.. If someone doesn’t see the point of an exercise / topic then they will be considerably demotivated (think back to your own experiences!).

Relate the topic being learnt to current research, recent media coverage (news, documentaries etc.), relevant films (e.g. Jurassic Park, Volcano etc.) and so. This can be applied as e.g. references in lectures, in formative assessment (e.g. write a geological critique of the film Dante’s Peak) or in small group discussion. There is also lots of current information and graphics on the WWW (e.g. Galileo Project, Mars Pathfinder, earthquake info etc.: see Attachment 6)

Learning environment: requiring the student to work together and discuss issues, do some research into the topic, apply their knowledge to questions and problems etc. in a comfortable environment will help them to be less reliant on the teacher and to develop a deeper understanding of the topic.



Deep Learning Contd.
· Learner Activity

· Interaction

· Well structured knowledge base
Anything which requires the student to work with the topic (rather than simply being fed information) is invaluable, which is one of the many reasons why field and lab work are so important. 

Get the students to formulate and answer questions on the topic (individually or in groups). 

Provide questions or problems which cannot be fully answered with the prior knowledge and show how the new knowledge can be used to find solutions (this can be done e.g. rhetorically in lectures, as a paper-based example to work through individually, or a problem-based tutorial).

Get the students to work together to test their understanding of the topic.

Before the topic is introduced get them to think about what they already know about it and where that knowledge comes from (e.g. museums, television, word of mouth, school, previous modules / qualifications etc.). The student can then see how the new information relates to this prior knowledge (and areas of ignorance).*



· “[Some studies have shown that students] continue to hold significant misunderstandings about fundamental concepts in their discipline because they have never attempted to reconcile what they have learned at college or university with the beliefs that arise from everyday experiences. A surprisingly large number of science students in the United States have been shown to believe in a fundamentalist creation theory to explain the beginning of the universe at the same time as they are successfully studying biology or physics. This is possible because the students have been able to quarantine different areas of knowledge, and have never been asked how they might reconcile the two in one personal belief system.” (Toohey, 1999, p18)

Attachment 5

An Exercise in Problem-Based Learning
Chris Lee, School of Applied Science, University of Glamorgan
Problem Based Learning (P.B.L.): What the problem?
P.B.L. started in the mid 19602 at McMaster University, Canada and now about 60 medical schools world-wide have adopted it as a whole or in part (e.g. Liverpool, Manchester, Newcastle, Glasgow). 

The approach is characterised by a collection of carefully constructed problems presented to a small group of students. The problems usually consist of descriptions of sets of observable phenomena or events that need explanation. Essential to the method is that the students’ prior knowledge (in itself) is insufficient for them to understand the problem in depth. P.B.L. is stated as being an ideal learning method for the acquisition of knowledge and Key Skills. It is a process by which students learn through teamwork and self study.

So how is it done?
Students are divided into groups of six or eight and each group is given a problem to address. This problem may be in the form of:

· experimental data,

· a video extract,

· a newspaper / scientific article,

· a paper case history,

· or, in the case of medical schools, a patient.

Progression is through seven steps:

1. clarification of terms and concepts,

2. ‘brainstorming’ the nature of the problem,

3. assembly into problem areas,

4. definition of problems / issues,

5. formulation of learning questions,

6. acquisition of knowledge by self-directed learning (hours? Days?),

7. reporting back and solution.

Advantages
Limitations

· Students genuinely enjoy P.B.L. as they learn in context in an integrated way. They generally perceive the relevance of their learning.
· Students are unprepared for this style after A levels.

· Students understand why they have to learn something and can see how to apply that learning.
· Not all students like group work.

· They retain information they learn and learn ‘how to learn’.
· Some enjoy discussing and some do not.

· Students do not learn unnecessary details but concentrate on key concepts and principles.
· P.B.L. is more time consuming. Is it more cost effective for a single member of staff to lecture to 200 students than for 25 staff to sit silently(?) listening to the discussion of a small group?

· Key Skills are developed that will/should remain with them for the rest of their lives.
· Small groups need small rooms and sufficient space for private study.

· Students learn how and where to find information and how to process it systematically.
· Considerably demand for books and computers.

· Students learn how to analyse and solve problems.
· Staff resistance.

· Students learn how to work in or lead a team.


“If I do not give them the facts, how will I be sure they get them?”

P.B.L. postulates that:

· Learning through problem solving is much more effective for creating in a student’s mind a body of knowledge that is useable in the future than didactic (instructional) traditional methods of learning.

· In life / industry, problem solving skills are more important than factual memory recall alone.

Employable students need to devote time to practising and developing skills that will be beneficial to their future professions.
A Useful Reference
Norman, G.R. and H.G. Schmidt. 1992. The psychological basis of problem-based learning: a review of evidence. Academic Medicine Vol. 67, No.9 pp557-565.

A Problem Based Learning (P.B.L.) Exercise in Forensic Geology.
Introduction
The following is an exercise in which you apply your earth materials knowledge to a real world problem.

Background

You are an Earth Science graduate from South Wales and Monmouthshire Polytechnic (SWAMP) and, owing to your well developed key skills, you have been successfully recruit into the Police Force. 

You are asked to assist in a case where a body has been found and murder is suspected. Physical evidence is collected from the location where the suspects claimed to have been at the estimated time of the murder.

Evidence
1. Victim
Found in an old safe that had been dumped in an old quarry hosted in mica-garnet schist (SPA). No fingerprints were found on the safe but a dusting of ‘white powder’ could be seen to cover some surfaces where it had ‘spilled out’ from the interior of the safe door (SPB = diatomaceous earth).

The pathologist’s report on the body recorded that death had been caused by a blow to the back of the head that had fractured the skull and contents. Inside the wound a 2cm x 1cm irregular shaped ‘marble like’ dark brown/green crystalline fragment had been found. It was mostly highly polished but showed one broken edge where individual crystals could be seen. S.G. was determined as 3.72 (SPC = dunite).

Additional information was collected.

Left Hand
SP D
Marble

Right Hand
SP E
Mica-garnet schist


SP F
Marble

Left Foot
SP G
Scoria

Right Foot
SP H
Garnet


SP I
Mica

Victim’s house
SP J
Porphyritic andesite

Suspect No.1
Claims to have been in the woods camping alone at the time of the murder.

Samples collected from:

Hiking boots
SPK
Rhyolite

Tent
SPL
Pumice

Sleeping bag
SPH
Tuff

Local sample
SPN
Obsidian

House
SPO
Gabbro

Campsite
SPP
Tuff

Suspect No. 2
Claims to have been four-wheeling in the mountains at the time of the murder. Samples collected from:

Shoes
SPQ
Vesicular basalt

Pockets
SPR
Garnet

Dirt from car mudtraps
SPS
Scoria

House
SPT
Porphyritic andesite

Area
SPU
Basalt

Suspect No. 3
Claims to have been at the beach. Not only do you identify the samples collected from the suspect and the beach, cumulative frequency graphs are drawn, statistics compared together with shape, mineral composition and heavy minerals.

Samples collected from:

Shoes
SPV
Mud/silt

Beach bag
SPW
Coarse sand

Car
SPX
Sand/mud mixture

House
SPY
Rhyolite/sand mix

Beach
SPZ
Silt

Beach
SPA1
Coarse sand/gravel

Suspect No. 4

Claims to have been working in the garden at the time of the murder. He shows you evidence of recently worked ground.

You collect samples from:

Shoes
SPB1
Red mud

Garden
SPC1
Red siltstone, gypsum


SPD1
Limestone

Gloves
SPE1
Muscovite


SPF1
Gypsum

Suspect No. 5

Claims to have been at an ethnic art museum (currently showing Maouri sculptures, some said to have been fashioned from rocks formed under great heat and pressure).

Samples collected from:

Shoes
SPG1
Marble

Car
SPH1
Limestone

House
SPI1
Diorite

Museum
SPJ1
Scoria


SPK1
Marble

No samples taken, but some sculptures show signs of recent wear.

Sellotape sample of ‘dandruff’ taken (SPL1 = diatomaceous earth)

Suspect No. 6

Claims to have spent time of murder cleaning house and car.

No samples to collect so analyse vacuum cleaner content.


SPL1
Garnet-mica schist


SPM1
Gabbro


SPN1
Granite

Running the Exercise
More or less information may be given depending on the time available and / or level of students’ knowledge. For example, if you wish to develop the students’ note-taking skills then the brief could be read out (in the manner of a verbal police report). If you wish to develop the students’ mineral identification skills then the samples could be provided as hand specimens / thin sections only (without the denomination).

Samples A-Z and A1 - N1 are hand specimens. Specimen B and C are microscope slides.  Exhibit 1 and Exhibit 2 are photographs of a broken safe (used to keep documents safe from fire) and  diatoms respectively.

Crime Analysis (Process of Elimination)

As victim knew all suspects it is feasible to find materials mixed in together for each of the suspects.

Suspect 1 and 3 are definitely innocent (no links).

Suspect 2 has only garnet in the pocket to link them to crime.

Suspect 4 presence of biotite (weak links).

Suspect 5 marble on shoes, in museum and victim’s left hand.  Scoria at museum and on victim’s left foot.  Specimen (C) identified as rock composed predominantly from olivine (Dunite)? Mt Dun? New Zealand? Maouri?).  Specimen B Diatomite (used as filler in fire proof safes).

Suspect 6 garnet-mica schist found in vacuum cleaner (in with 5?).

Scenario

Suspect killed victim in museum with Maouri statue.  Body dragged out of museum by their right arm and leg (hence specimens in/on left hand and foot).

Carried in boot to quarry.  Dragged out by left arm and foot (etc.etc.).

All evidence of quarry ‘hoovered off’ but diatomite ‘dandruff’ gives good link to safe.

Conclusion

WHO?

WHERE?

WITH WHAT?

Suspect 5
Museum

Maouri statue

Not so much 
Whodunit it?  BUT

WHO   DUNITE?!
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URLs

http://www.brookes.ac.uk/services/ocsd/fw2con.html

First Words on Assessing Students Work: Oxford Centre for Staff and Learning Development

Indexes to Geoscience Sites 

http://atlas.es.mq.edu.au/users/pingram/v_earth.htm
The Virtual Earth: A Tour of the World Wide Web For Earth Scientists

http://www.isgs.uiuc.edu/isgsroot/dinos/earthsci_links.html
Earth / Geoscience Information on the Web. Links to over 1000 sites. A Service of the

ISGS Library

http://geoweb.tamu.edu/faculty/herbert/Geosciences.html
Geoscience On-line

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.

Earth and Planetary Data/Information

http://pds.jpl.nasa.gov/pds_home.html
Planetary Data System. The Planetary Data System (PDS) archives and distributes digital data from past and present NASA planetary missions, astronomical observations, and laboratory measurements

http://nssdc.gsfc.nasa.gov/planetary/planets/moonpage.html
The Moon Site

Natural Hazards

http://www.seismo-watch.com/EQSERVICES/CurrentActivity/CurrentActivity.html
Quick Links to Earthquake & Volcanic Information. Here is a collection of quick links for lists of current earthquake activity from  seismic monitoring networks around the world. 

http://www.geo.ed.ac.uk/quakes/quakes.html
World Wide Quake Locator

http://www.usgs.gov/network/science/earth/earthquake.html
US Geological Survey - links to Earthquake resources

 http://www.soest.hawaii.edu/GG/hcv.html
Hawaiian Center for Volcanology

http://www.usgs.gov/network/science/earth/volcano.html
US Geological Survey - links to Volcanology resources

Weather, Climate and the Environment

http://web.bham.ac.uk/ggy4atv3/weather.htm
Ant Veal's UK Weather Centre

http://www.atc.army.mil/meteorology/
Aberdeen Test Centre: Meteorology

http://www.wxresearch.com/wrc.htm
Weather Research Center. Weather Research Center is a non-profit research and education center. The center operates a worldwide forecast operation center as well as a Weather Museum and Education Center. 

http://www.nottingham.ac.uk/meteosat/
Meteosat Images – provided by the University of Nottingham. These pages provide easy access to the very latest images transmitted by the Meteosat satellite. The pictures are as up-to-date as possible, they usually arrive within 5 minutes of reception

http://www.usgs.gov/network/science/earth/climate.html
US Geological Survey - links to climate resources

http://www.envirolink.org/
Envirolink. The largest online environmental information resource on the planet. 

http://www.usgs.gov/network/science/earth/environment.html
US Geological Survey - links to Environment resources

Geology and Palaeontology

http://darkwing.uoregon.edu/~dogsci/dorsey/SedResources.html
Web Resources for Sedimentary Geologists

http://craton.geol.BrockU.CA/guest/jurgen/struct.htm
Structural Geology and Metamorphic Petrology on the WWW

http://www.bgs.ac.uk/
The British Geological Survey

 http://www.mimas.ac.uk/maps/spot/
SPOT Satellite Images. The UK from Space

http://www.isgs.uiuc.edu/dinos/dinos_home.html
Dino Russ’s Lair. Dinosaur and vertebrate palaeontology information. (Part of the Paleo Ring. The Paleo Ring is a Newly Developing collection of Websites and Pages that are

devoted primarily to the promotion of Paleontology, Paleoanthropology, Prehistoric

Archaeology, The Evolution of Behavior, and Evolutionary Biology in general).

Geoscience Education

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

http://www.utexas.edu/world/lecture/
 The World Lecture Hall: The World Lecture Hall publishes links to pages created by faculty worldwide who are using the Web to deliver course materials in any language.

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

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

Enhancing Learning & Teaching in Earth Science Higher Education
Module Development

_948704424.doc
�



�
















