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Teacher Guidelines:

The following guidelines are supplied to enable teachers to carry out valid and consistent assessment using this internal assessment resource.

The schedule for this task must be adapted by the provider to give examples of the evidence that is expected from the student.

Context/setting:

This task simulates radioactive decay and can be used to obtain the data required for Achievement with Merit and Achievement with Excellence.

Conditions:

The initial data collection can be done in pairs but the analysis and writing up is to be done individually under examination conditions.

Authenticity issues are minimised if the experiment and analysis occur in the same period.  Where this is not possible the teacher should only provide instructions for the experiment in the first period.  Students' data should then be collected by the teacher and returned to students for them to complete the assessment at the appropriate time.

Students should use appropriate technology such as spreadsheets and/or Graphics calculators.

Resource requirements:
Formula sheets.  Suitable equipment to enable experiments to be performed (boxes of drawing pins for each pair of students).

Additional information:
Satisfactory completion of this task would enable candidates to be awarded either Achievement with Merit or Achievement with Excellence.

Candidates who do not reach the Achievement with Merit standard could then be given one of the Achievement only tasks.

Alternatively one or more achievement questions can be added into this task.

Teacher guide notes:

This exercise simulates radioactive decay.  As a radioactive element decays, a proportion of the atoms break down randomly to form atoms of another element.  Students will simulate this process using drawing pins.  Each drawing pin represents an atom of a radioactive element.  A box full of drawing pins is shaken up in a cup and scattered on a surface.  The drawing pins with their points up represent the atoms that have yet to decay (change to the atoms of the other element).  Those with their points down represent atoms that have decayed.  The pins with the points down are removed, and those that have yet to decay (ie those with points up) are counted.  This process is repeated.  This simulates radioactive decay and students find a model for the process.

Once data has been collected, students work individually to complete the task under examination conditions.

A model may be confirmed by making appropriate logarithmic transformations to produce a linear graph or by using calculator/computer generated graphs of the original data and using automated procedures to fit a function.  Students using graphics calculators will be able to copy graphs from their screens onto paper or use a linking cable to store screens on a computer.  A decision about the reliability of a model may be based on a calculator/computer generated value of the coefficient of determination R2.  Note that values of the correlation coefficient r are only meaningful for linear relationships (R2 values may be used for linear and non-linear relationships).
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Student Instructions Sheet

Introduction:
This project involves a simulation to be done in pairs.

Once the data has been collected then the analysis and writing up will be done individually under examination conditions.

Textbooks or notes may not be used but formula sheets will be provided.

Background:
As a radioactive element decays, a proportion of the atoms break down randomly to form atoms of another element.  You will simulate this process using drawing pins.  Each drawing pin represents an atom of a radioactive element.  You will shake up a box full of drawing pins in a cup and scatter them on a surface.  The drawing pins with their points up represent the atoms that have yet to decay (change to the atoms of the other element).  Those with their points down represent atoms that have decayed.  You will then remove the pins with the points down, and count those that represent atoms that are still to decay.  You will repeat this process.  In this way you simulate radioactive decay.

The experiment:
1.
Count and record the number of drawing pins in your container.

2.
Throw the drawing pins onto a surface and remove those with the points down.  Try to keep the conditions as constant as possible while throwing.  Remove the drawing pins with points down.  Count the number of pins with the points up.  These represent the atoms, which have yet to decay.  Record the number of “non-decayed atoms”.

3.
Continue to throw the "non-decayed" pins until there are no drawing pins left.  Each throw represents a time period.  Record your results in a table.

Mathematical model for the data:
1. Graph your raw data.

2. Use y = Axn and y = Aekx as possible models for your data.

-
Decide which of the model(s) is/are most appropriate for your data.
-
Find the equation(s) of the model(s) that best fit(s) your original data.

Record your working and the evidence you used to:

3. Use your model to find the half-life of this simulated radioactive element.  (The half-life is the time for half the radioactive atoms to decay)

Analysis of data:
Analyse your model and justify your choice of model.

This could include:

(a)
relating the solution to the problem

(b)
explaining how well your model fits the raw data
(c)
explaining how the theory of the situation relates to your selected model

(d)
discussing any limitations of the model.
Assessment schedule: Statistics and Modelling/3/7 – D3 (Radioactivity simulation)
[The schedule for this task must be adapted by the provider to give examples of the evidence that is expected from students.]

	
	Achievement Criteria
	Evidence
	Judgement
	Sufficiency

	Achievement  with Merit
	Use curve fitting to determine an appropriate model and solve a practical problem.
	Model is determined – either by using graphical transformations or appropriate use of software.

Appropriate graph drawn

Equation(s) for model(s) written.

Problem is solved using the model.
	Constants should be to a degree of accuracy that is consistent with the data.

This graph should contain the information needed by the method chosen to obtain the equation

The problem may be solved using the graph of the model or by substituting in the equation obtained

[Teachers must add the range of acceptable values for the constants]
	Model found and prediction made

	Achievement with Excellence
	Justify the choice of mathematical model to solve a problem.
	Justification could include:

· interpreting the model in context

· using an R2 value and explaining its meaning in context
· considering a piece-wise model

· giving theory relevant to the context and the model

· discussing limitations of the model.


	Accept other significant analysis statements as long as they are supported by correct evidence.
	Merit plus 3 statements 

justifying the model selected
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