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1 Overview

The benefits of simulation in education have been recognised for some time; they can aid learning by doing, allow students to form concepts through experience and allow teachers to introduce the form of a system to their students before the mathematics. They can provide meaningful, motivating activity in a range of educational contexts from guided learning through to open exploration. The eSim Builder toolkit which will be used to build the simulations specified in this project, has been designed specifically for use in an eLearning environment and allows the non-programming expert to tailor simulation resources for use in a range of teaching contexts and levels.

1.1 Rationale 

This proposal has grown out of a belief in the benefits of simulation, and a realisation that there is still some way to go if they are to achieve their full potential in online learning. We view this proposal as a chance to take a fresh look at the criticisms of simulation raised in education literature and as an opportunity to address them. 

An important issue raised at a recent SCROLLA Symposium was the notion that assessment and learning are often out of step, assessment is not carried out in the environment in which students learn. If simulations could be used in the assessment process, this problem could, in part, be addressed.

The possibility of combining a proposal to UCLES to look at the above issues with one to suit the specific needs of the SQA led, after some discussion, to a focus on use of simulations in building up skills in practical activities and experimentation. 

1.2 Aims of proposal

Putting this all together led to a proposal which links these ideas and which will:

· Provide a range simulation resources to support practical experimentation in one exemplar topic and will include:

· simulations for student use in practical activities,

· exemplars where students can learn by making hypotheses and developing experiments to test them,

· flexible resource for teachers that can be tailored to produce new resources,

· Review the concerns expressed regarding simulation use and address them in the exemplars,

· Evaluate the resources in use,

· Build up guidelines for best practice in the field,

· Report on the potential uses of these resources in assessment.

2 Simulations in support of practical activities

2.1 Concerns

Amongst many science teachers there are justifiable fears about using simulations in general and for practical experiments in particular. For instance:

· It’s not possible to replace real hands on experience and to mimic the dexterity required in practical work,

· Simulations often provide the perfect picture, whilst experimental procedures are usually subject to errors, the evaluation of which is important in the student’s education,

· In real life it is possible to make mistakes. Simulated activities often provide users with a set of valid choices only,

· It’s possible for students to develop misconceptions when using simulations, this may be an effect of scale (time or size) and the student cannot relate what is seen in the simulation to reality.

2.2 Benefits

If these concerns are borne in mind then the benefits from using simulations of practical experiments are many. Simulations can:

· Allow access to the experiment when there is a shortage of equipment or time,

· Provide data for students to work on if it is not possible to perform and experiment, for instance due to its lengthy nature,

· Allow the performance of experiments which would not otherwise be available because they are too dangerous,

· Allow mistakes without cost or damage. (It is important to provide appropriate feedback when mistakes are made)

2.3 Potential Uses

Simulations in traditional courseware range in style from closed (demonstration, drill and practice) through to open (autonomous learning or project work). Similarly, when simulations of experiments are used it is possible to construct of a range of levels of student interaction from the directed experiment to the opportunity for students to devise their own experiments. There is a range of uses to which the material could be put:

· As preparation for the student in advance of the laboratory exercise,
· A simulated experiment (or a variant of the real experiment to avoid direct replacement),

· For revision,

· To provide activities in experimental design,

· To provide activities in experimental practice.

· General learning material in support of courseware

These simulation resources could be used in conjunction with other resources to provide a lab pack that might also include: theory and background, information on equipment and safety, data books, formative assessment for the student to check their understanding, and summative assessment for the teacher to check the student’s performance.

2.4 Simulations and assessment

There is potential for a number of different forms of assessment using simulations produced with eSim Builder.  At its simplest, there will be simple multiple choice or numeric answer where simulated date is required to pose a question or must be used for the student to answer a question e.g. reading data from a graph.  Given the nature of the resources it will also be possible to consider the possibility of assessing a student’s performance in presenting and analysing data in a practical experiment or even ultimately in designing their own experiment.

2.5 Standards compliance

Standards compliance is important in the production of learning material to ensure their reusability and appropriate usage. The SCORM 1.2 standard specifies a structure and relevant metadata to facilitate reuse of learning objects and resources produced in this proposal
should conform to this standard.


3 Subject material - Basic chemical Kinetics 

The chosen subject area is basic chemical kinetics. This is introduced gradually to students from 16+ through to the first years of university. The qualitative behaviour of reactions is introduced in advance of numeric detail and equations. As their expertise increases, students are progressively given more choice in experimental design and presentation in practical work associated with the subject. For non-chemists, a brief overview of the subject is given below. 

3.1 Overview
Reaction kinetics provides insight into the actual mechanisms of chemical reactions, not just the reactants and products, but the details of the transformation from one set of chemical species to another. It involves the study of the chemical reaction process through the measurement of the rate with which a reaction proceeds and the dependence of this reaction rate on the concentrations of reacting species and the temperature. 

It is not possible to predict the rate of a reaction, as reactions do not proceed directly from reactants to products, but usually involve a number steps. The rate of a reaction and the factors affecting the rate must be determined experimentally.  These results are summarised for a given reaction by a rate equation that is usually of the form

Rate = k x function of the concentration of reagents     -----(1)

where k is the rate constant and is dependent on temperature (T) according to the empirical relationship

k = Ae-E0/RT                       -----(2)

 where A is the pre-exponential factor, E0 is the activation energy and R is the gas constant.

It has been found that a large number of reactions have rates that at a given temperature are proportional to the concentration of one or two of the reactants raised to a small integral power, known as first, or second reactions respectively.    

Rate = k[A]                                        (1st  order)

Rate = k[A]2  or   Rate = k[A][B]     (2nd order).

A zeroth order reaction is also possible where the rate of reaction does not depend on how much reactant is present. 

Reactions exhibiting these three orders form the basis of the proposed practical and experimental simulation that will be aimed at students from  Scottish Higher grade (AS in the rest of UK) to 1st year university level.

4 Proposed Software

4.1 Addressing concerns regarding simulation use

Issues raised as potential difficulties earlier in the proposal will be tackled in developing the software.

The following section details some of the initial thinking in this area:

· Avoiding introducing misconceptions.  
· By using eSim Builder the resource will not be fixed, it will be easy to change images etc if they are shown to be confusing the student during the evaluation,

·   True relative time: Where an event occurs in a series of experiments, we will endeavour to ensure that  the relative time taken  is accurate and where possible to use real time; 

· Provision of student choice in experimental design 

· Where appropriate students will be provided with choice in experimental design.  (What to measure and how many readings to take),

· Provision of student choice in data presentation
· Where appropriate, it will be possible to allow the student to configure graphs, letting them choose (axis labels and units and to define maximum and minimum on the axes.)

· Students will have choice over what to record, and of labelling of columns in data tables  (headings and units).

· Errors. 

· Realistic errors will be introduced to avoid experimental data looking unrealistically perfect (This will be an option the interface designer can turn on and off).

4.2 Outline of the proposed work

The following components will be produced.

· Core software

· Simulation(s) of chemical kinetics this is the basic software and is akin to that normally used in online learning,

· Data display: Extensions addressing the need for flexibility in data display in interface design and in student presentation and analysis,

· Experimental mode: A mode of interaction with the simulation which behaves as if the student were conducting a practical experiment;

· Resources generated will be standard compliant

· Exemplars 

· Addressing specific identified needs in practical activities in this topic,

· In support of  teaching of chemical kinetics;

· Report 

· The potential uses of these resources in assessment.

· Documentation and training material  

· to allow non programmers to modify and maintain visualisations using eSim Builder,

· to produce new teaching material from the simulation(s) using eSim Builder.
· Evaluation

· The software will be used in schools and feedback from the trials will be used to revise and improve the software. 

Note: As part of this proposal we would make the eSim Builder tools available at no cost. The rest of the section outlines these components in more detail
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