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Teacher Guidelines:

This generic assessment activity provides guidance on the type of activity that could be developed by teachers to assess this standard. 

Teachers should be aware that secure tasks have been developed by the NZIP.  Details can be obtained from the NZIP website (www.nzip.org.nz, then go to the Education Section).
Context/setting:

It is recommended that activities relate to a real life setting or context. A description of this setting or context should be given.

If the investigation is one that is designed to test a model of a real life situation, sufficient information must be given about the real life situation so that candidates who are familiar with it do not have an advantage over candidates for whom it is unfamiliar.

Conditions:

It is envisaged that the generic assessment schedule is given to students at the beginning of the year and that it is used in all formative assessment. 

Students should not have access to the generic assessment schedule while they are carrying out this assessment.

Evidence of student performance for the grades can be taken from any part of the report. (Note that observations of student performance, made during the experiment, may be used as evidence provided they are documented at the time of observation.)

To ensure authenticity of student work, it is recommended that students should be working independently and that the assessment be carried out over a continuous period of three hours during which students will be expected to devise a plan and gather data to write a report consisting of a method, results table, graphs, conclusion and discussion. 

If group work is allowed for data collection, or the time period is not continuous, then strategies must be put in place to ensure the evidence submitted by each student has not in any way been influenced by collaboration with another student or by access to information that is not supplied to all students.

Activity:
The activity chosen must be such that students have the opportunity to show evidence of all the requirements of the standard. This means that:

· The aim must be given, but no further guidance on how to write the report. It is not valid to provide a report template. Typically the aim will be to find a relationship between two variables.

· The activity must lead to a non-linear relationship. 

· The uncertainties in the measurement of either (or both) the dependent or independent variable must allow the student to show knowledge of how to handle uncertainties in graphs.

· The relationship to be found must give the student the opportunity to discuss physics theory. Some possible ways that this could be achieved are:

· choosing an activity for which the value of a physical quantity can be calculated from the gradient and/or intercept of the linear graph. (Note that it is beyond the requirement of the standard that students recall relevant formulae or remember the value of physics constants, and so these must be given as resource information.)

· choosing an activity for which the constant value of one (or more) of the controlled variables can be calculated from the gradient and/or intercept of the linear graph. (Note that students must be given the means to measure the constant value of such variables.)

· The experimental procedure must provide opportunities for the student to show critical thinking in the discussion. Some possible ways that this could be achieved are:

· choosing an activity that models a real life situation. This would allow the student to evaluate the validity of the results of the experiment in terms of how closely the experimental situation models the real life situation. For example. if a simple pendulum is used to model the timing pendulum in a Grandfather clock, a difference that could be discussed is the rigidity of the pendulum in the clock compared to the flexibility of the cord of a simple pendulum. (Note that if this type of activity is chosen, resource information about the real life situation must be sufficiently comprehensive that students who are not familiar with it are not disadvantaged.)

· choosing an activity in which there is an uncontrollable variable (such as friction).

· choosing an activity in which the measurement of one or more of the variables requires some decision making that is not immediately obvious. For example, if an irregular shaped bob is used in a simple pendulum, a decision has to be made on the point on the bob from which the length of the pendulum should be measured.

· specifying the activity in such a way that there will be a consistent systematic error (such as a hidden zero error) in all results.

Evidence statements must be written for the activity used in the assessment. These must include examples of all evidence on which judgements are to be made. This includes:

· the dependent and independent variable and the range and number of values expected for the independent variable.

· if possible, the approximate values that would be expected for the dependent variable.

· expected raw measurement uncertainties and methods of calculating and using processed uncertainties.

· acceptable accuracy improving technique(s).

· possible / required variables that could affect the results and how they should be controlled. This could include the acceptable range of values that a controlled variable should be set at.

· the linear graph and its expected gradient (and intercept).

· the expected relationship.

· statements that would be accepted as showing critical thinking. Such statements could include:

· a critical comparison of the experimental set up with the real life situation it is modelling and an explanation of the limitations of the model.

· the identification of an uncontrollable variable and how it would have affected the measurements and hence the results. 

· a reason why the particular value for a controlled variable was chosen and the impact this choice would have had on the reliability of the results. E.g. the resistance of a rheostat may have to be carefully chosen so that a lamp does not exceed its maximum voltage but the current and voltage measurements have a reasonable range.

· a description of a crucial aspect in the setting up of the experiment and an explanation of why the aspect is crucial.

· a description of an unavoidable difficulty that was experienced in making a measurement and the impact it would have had on the reliability of the results.

· a description of an unusual technique, probably specific to the measurement being carried out, that was used to improve accuracy; why this technique was needed; and the impact its use would have had on the reliability of the results.

· statements that would be accepted as evaluating and explaining the validity of the results. Such statements could include:

· if applicable, an explanation for the choice of the positioning of the best fit / error lines in terms of the uncertainty in the plotted data.

· suggested explanations for how the experimental process could have brought about a gradient value (or intercept value) that is more than / less than the expected value.

· statements that would be accepted as consideration of relevant physics theory. Such statements could include:

· a comparison of the theoretical value of a physical constant with the value calculated from the experimental relationship (obtained by comparing the experimental equation with a given theoretical equation) and an interpretation of the uncertainties in terms of the reliability of the conclusion.

· recognition that an unexpected axis intercept might arise from the presence of an unaccounted for systematic error and suggestions as to how this error might have arisen.

The assessment schedule provided is generic. It must be used, together with the evidence statements, to develop a customised schedule that provides judgement statements that are specific to the particular activity used.

Apart from the evidence statements that relate to the discussion it is possible to include the required evidence in the judgement statements. (See the generic assessment schedule template.)

A set of evidence statements that could be expected in an excellence discussion should be developed before the activity. Further statements could well need to be added when student responses are considered. The following are some suggested considerations that could be made when judging whether a discussion point is at the excellence level.

· Does the response make it clear that the student understands why a particular action had to be carried out?
E.g. Consider the following evidence statements:

When I set up the equipment I was very careful to make sure that the pivot for the rod was placed exactly at its centre. If it had not been at the centre there would have been a systematic error in all the balancing distances.
When I set up the equipment I was very careful to make sure that the pivot for the rod was placed exactly at its centre. If it had not been at the centre the mass of the rod would have caused an extra torque about the pivot point, which would have affected all the balancing distances.
When I set up the equipment I was very careful to make sure that the pivot for the rod was placed exactly at its centre. If it had not been at the centre the mass of the rod would have caused an extra torque about the pivot point which would have caused all balancing distances to be a bit longer than they should have been in order to compensate for the extra torque on the other side of the pivot. 

The first statement correctly describes what had to be done but the explanation is not sufficiently explicit for this statement to be at the excellence grade and can only provide evidence towards merit. 
In the second statement the physics of the situation has been identified and there is evidence that some critical thinking has taken place. However, by itself, this is not sufficient evidence to award excellence. There would have to be at least one other discussion point that showed a similar level of critical thinking, before the evidence could be considered to be at the excellence grade.
The third statement shows a sufficiently high level of critical thinking to be accepted as excellence evidence.

· Does the response make it clear that the student understands how the experimental process could cause the gradient of the graph to be inaccurate?
E.g. Consider the following evidence statements:

The experimental value for the strength of gravity (8.2 ( 0.6 N kg(1) was too low showing that the gradient of the graph was too high. This means that there must have been a systematic error in the timings.
The experimental value for the strength of gravity (8.2 ( 0.6 N kg(1) was too low showing that the gradient of the graph was too high. For this to happen, for each length chosen the timings must have been too long. For this to affect the steepness of the line, rather than just its position, the timings must have been “out” by more when the lengths were large than when they were small.
The experimental value for the strength of gravity (8.2 ( 0.6 N kg(1) was too low showing that the gradient of the graph was too high. For this to happen, for each length chosen the timings must have been too long. However the problem must have had less effect when the lengths were short because the graph went through the origin. I did notice that while the bar was swinging it was also wobbling, sometimes quite erratically. This may have been the reason why the timings were too long. Also, I timed a particular number of swings, which meant that for short lengths the total time was much less and so the wobbling would not have had such a great effect on the timings. What I should have done is time for about the same length of time for each length and vary the number of swings. this would have given me a more consistent systematic error and so a better gradient value.
The first statement correctly relates the inaccuracy in the calculated constant to a problem with the graph line but the explanation does not show critical thinking and can only provide evidence towards merit. 
In the second statement there is evidence of understanding how graph line inaccuracies can arise. However, by itself, this is not sufficient evidence of the ability to think critically to award excellence. There would have to be at least one other discussion point that showed a similar level of critical thinking, before the evidence could be considered to be at the excellence grade.
The third statement shows a sufficiently high level of critical thinking to be accepted as excellence evidence.

· Does the response make it clear that the student understands the role of uncertainties in the assessment of the reliability of the conclusion?
E.g. Consider the following evidence statements:

The experimental value for the capacitance was 80 ( 20 (F. The theoretical value is 100 ( 5% (F. The theoretical value is within the range of the uncertainty in the experimental value showing that the experiment was accurate.
The experimental value for the capacitance was 80 ( 20 (F. The theoretical value is 100 ( 5% (F. Although the theoretical value is partly within the range of the uncertainty in the experimental value, the range is very large and the expected value is right at one end of the range. These two things combined show that the experiment was not particularly accurate.

The experimental value for the capacitance was 80 ( 20 (F. The theoretical value is 100 ( 5% (F. Although the theoretical value is partly within the range of the uncertainty in the experimental value, an experiment that results in a 25% uncertainty in the experimental value cannot be considered to be accurate. The major source of this uncertainty was not in the reactance values as the maximum percentage uncertainty was 5%. It was because, even with error bars drawn, it was not possible to draw a line of best fit that fitted the plotted data closely. Clearly there was some other source of error that was causing random inaccuracies in the measurements. I did notice, when I set the frequency values, that it was very difficult to judge where to set the pointer on the knob to get a particular frequency. Also the pointer did not have to be turned very much to change the frequency by quite a lot. This means that a very small misjudgement in the pointer position would mean quite a big error in the frequency value. As this misjudgement could have been either way, the error caused would have been random.
The first statement correctly describes the accuracy of the experimental value in relation to the theoretical value but fails to recognise that the extent of the uncertainty makes the value of any conclusions questionable. This evidence can only provide evidence towards merit. 
In the second statement some critical thinking and understanding has been demonstrated but there is not sufficient evidence to award excellence. There would have to be at least one other discussion point that showed a similar level of critical thinking, before the evidence could be considered to be at the excellence grade.
The third statement shows a sufficiently high level of critical thinking and deep understanding to be accepted as excellence evidence.
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Student Instructions Sheet

Working independently, you will be given three hours to collect the data, carry out the analysis of the data and write the report. The report should be handed in at the end of this assessment period.

<Insert resource information>

The aim of your experiment is to <Insert the aim of the experiment>

Method and Data Collection

The method should include clear descriptions of the procedures you used to ensure the experiment gave as accurate results as possible.

Sufficient data should be collected and recorded with uncertainties, to determine a relationship.

Techniques to improve accuracy should be used and recorded.

Data Processing, Conclusion and Discussion

Your raw data will not give you a straight-line graph. You will need to carry out transformations that will allow you to draw the straight-line graph that will be needed to carry out the aim of the experiment.

Your discussion should arise from your critical consideration of the affect on the conclusion of such things as limitations to your experiment, uncontrollable variables, irresolvable difficulties in using the equipment or making measurements.

Your discussion should include an evaluation and explanation of the validity of your results.

Your discussion should include consideration of relevant physics theory.

Assessment Schedule for Generic Activity 

Some of the statements in this schedule may not be appropriate to the experiment you have used and may be deleted. 

Some of the statements in this schedule may need rewording to make them appropriate to your experiment or teaching method. 

Your experiment may be such that other statements should be included in this schedule.

	Achievement Judgement
	Merit Judgement
	Excellence Judgement

	Independent variable is <insert>. At least four different values are used ranging between <insert>. 
	Independent variable is <insert>. At least five different values are used. The range of values is between <insert>.
	Independent variable judgement is the same as for merit.

	Dependent variable is <insert>. A value is measured for each value of the independent variable. Values should range between <insert>. 
	Dependent variable is <insert>. A value is measured for each value of the independent variable. Values for the dependent variable are acceptably close to the expected values <insert how this will be judged>.
	Dependent variable judgement is the same as for merit. 

	Possible controlled variables are <insert>.
	Required controlled variable(s) is <insert>. How it is controlled is described as <insert>. The value chosen for it is <insert>.
	Required controlled variables judgement is the same as for merit. 

	
	Accuracy improving technique(s) used are <insert the expected techniques and the variables on which they are applied>.
	Accuracy improving techniques judgement is the same as for merit. 

	
	Data from accuracy improving technique <insert> is processed by <insert>.
	Data processing is valid and accurate.

	One set of measurements (raw or processed) has an uncertainty given.

Uncertainty given for <insert> is <insert>, Uncertainty given for <insert> is <insert>.
	Uncertainties in <insert the variable on which the accuracy improving technique was applied> are generated by <insert the method used>.
	Data processing is valid and accurate.

	Raw data transformation is <insert>.
	Raw data transformation is <insert>.
	Raw data transformation is <insert>.

	
	Uncertainties in <insert transformed variable> are processed by <insert>. (This may not be necessary if the uncertainty is insignificant.)
	Uncertainties in <insert transformed variable> is identified as insignificant / Uncertainties in <insert transformed variable> is accurately processed.

	Variables plotted for the linear graph are <insert> and graph labelling makes it clear which variable has been plotted on each axis. Scales allow for reasonable accuracy in graph line placement.
	Axis labels and units are mostly correct. Scales give a spread of points that allow accurate graph line placement.
	Variables plotted for the linear graph judgement is the same as for merit.

	
	Uncertainties in <insert the variable(s) expected to have significant uncertainty>are shown on the straight-line graph by <insert (this will probably be by the use of error bars)>.
	Significant uncertainties are accurately shown on the straight-line graph.

	Graph line is acceptable in relation to plotted points. An error line is drawn.
	Graph line and error line are consistent with the data and its uncertainties. <insert how this will be judged.>
	Graph line and error line judgement is the same as for merit. 

	Method used to calculate gradient value is <insert>. (Allow minor errors in reading scales.)
	Gradient value is <insert> (allow a tolerance of <insert>.
Gradient uncertainty is calculated as the difference between the gradients of the best fit and error lines (or other acceptable method).
	Gradient value is correctly calculated from the graph.
Gradient uncertainty is calculated as the difference between the gradients of the best fit and error lines (or other acceptable method). Uncertainty rounded to 1 significant figure. Gradient value rounding is consistent with the rounding of the uncertainty.

	Relationship is <insert>. (Accept the word “gradient” but not the word “proportional” as replacement for a gradient value provided it has been calculated.)
	Relationship is <insert>. (Note that the relationship equation must include the uncertainty in the gradient.)
	Relationship judgement is the same as for merit.



	OR:
	
	

	<Physics constant> value is calculated from <insert the relevant calculation that involves the gradient or the intercept> and has the value <insert> (Note that the constant should include a unit.)
	<Physics constant> value is <insert>. (Note that the constant must include an uncertainty and a valid unit.)
	<Physics constant> judgement is the same as for merit.



	
	The discussion shows evidence that the student can give a descriptive evaluation of the quality of the results. (See evidence statements in Teacher Guidelines.)
	The discussion shows evidence that the student has sufficient depth of understanding of the experimental process to be able to give a critical evaluation of the results that includes consideration of physics theory. 

This evidence may be shown in one statement that shows a high level of critical thinking or at least two (depending on the quality of the critical thinking shown) statements that each shows some critical thinking. (See evidence statements in Teacher Guidelines.)


For achievement students must demonstrate that they can carry out the requirements of the standard. This means they must provide evidence that they can draw a straight-line graph for a non-linear relationship and use its calculated gradient to either state the mathematical equation or deduce a physical quantity. Professional judgement can be used if there is another aspect that is incomplete or not correct provided the achievement standard has been well demonstrated in most areas.

For achievement with merit students must gain achievement and must achieve in all merit judgement aspects. Professional judgement can be used if there is a minor aspect that is incomplete or not correct provided the merit standard has been well demonstrated in most areas.

For excellence students must gain merit and must achieve in all excellence judgement aspects. Professional judgement can be used if there is a minor aspect that is incomplete or not correct provided the excellence standard has been well demonstrated.

If it is clear that the mathematical or graphical process is understood, minor computational errors can be ignored.

Grade Sheet for<Activity Title>
This supports internal assessment against AS90774

This is NOT a schedule. 
The abbreviated judgements below relate to detailed judgements in the schedule.

	· correct independent variable 
	at least 4 different values used. 
	A
	M
	

	· 
	at least 5 different values, range acceptable. 
	
	
	

	· correct dependent variable
	values are measured 
	A
	M
	

	· 
	measured values have acceptable accuracy
	
	
	

	· control variable(s)
	one identified
	A
	M
	

	· 
	required one(s) described
	
	
	

	· required accuracy improving technique(s) used and data processed
	 
	M
	

	· raw data transformation is applied correctly
	A
	
	

	· uncertainties
	given for one of the variables (raw or processed. 
	*A
	*M
	E

	· 
	calculations appropriate and accurate
	
	
	

	· 
	shown in the plotted data
	
	
	

	· correct straight-line graph prepared
	axis labelling and scales acceptable
	A
	M
	

	· 
	correct labels, appropriate scales
	
	
	

	· best fit line
	acceptable fit to plotted data
	A
	M
	

	· 
	consistent with plotted data
	
	
	

	· error line 
	drawn
	*A
	M
	

	· 
	consistent with uncertainty in data 
	
	
	

	· gradient calculation
	correct method used
	A
	M
	E

	· 
	correct value with an uncertainty
	
	
	

	· 
	correct value and uncertainty rounding
	
	
	

	· relationship / physical quantity
	acceptable
	*A
	*M
	

	· 
	correct and includes an uncertainty
	
	
	

	· discussion
	evaluates the quality of results
	
	M
	*E

	· 
	shows critical thinking
	
	
	

	Grade Awarded:
	 


All aspects must be gained. Professional judgement can be used if one of the aspects (other than those asterisked) is not quite gained but the standard is well demonstrated in other aspects.

Grade Sheet for <Activity Title>
This supports internal assessment for AS90774

This is NOT a schedule. 
The abbreviated judgements below relate to detailed judgements in the schedule.

	· correct independent variable 
	at least 4 different values used. 
	A
	M
	

	· 
	at least 5 different values, range acceptable. 
	
	
	

	· correct dependent variable
	values are measured 
	A
	M
	

	· 
	measured values have acceptable accuracy
	
	
	

	· control variable(s)
	one identified
	A
	M
	

	· 
	required one(s) described
	
	
	

	· required accuracy improving technique(s) used and data processed
	 
	M
	

	· raw data transformation is applied correctly
	A
	
	

	· uncertainties
	given for one of the variables (raw or processed. 
	*A
	*M
	E

	· 
	calculations appropriate and accurate
	
	
	

	· 
	shown in the plotted data
	
	
	

	· correct straight-line graph prepared
	axis labelling and scales acceptable
	A
	M
	

	· 
	correct labels, appropriate scales
	
	
	

	· best fit line
	acceptable fit to plotted data
	A
	M
	

	· 
	consistent with plotted data
	
	
	

	· error line 
	drawn
	*A
	M
	

	· 
	consistent with uncertainty in data 
	
	
	

	· gradient calculation
	correct method used
	A
	M
	E

	· 
	correct value with an uncertainty
	
	
	

	· 
	correct value and uncertainty rounding
	
	
	

	· relationship / physical quantity
	acceptable
	*A
	*M
	

	· 
	correct and includes an uncertainty
	
	
	

	· discussion
	evaluates the quality of results
	
	M
	*E

	· 
	shows critical thinking
	
	
	

	Grade Awarded:
	 


All aspects must be gained. Professional judgement can be used if one of the aspects (other than those asterisked) is not quite gained but the standard is well demonstrated in other aspects.
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