STAGE 2 MATHEMATICAL METHODS
Assessment Type 2: Folio

Logistic Growth

Purpose

To demonstrate your ability to:

· use a range of mathematical concepts, processes, and strategies to investigate a problem set in a context

· apply your knowledge, skills, and problem-solving strategies to develop a model from which you can make predictions

· effectively and appropriately communicate relevant information within your solutions.

Description of assessment

Logistic functions are commonly used in describing population growth. Initially the populations seem to increase exponentially but later level off and approach a maximum value. This maximum value is sometimes called the carrying capacity. The population levels off due to limited resources such as available land or food.

In this task you will investigate the properties of logistic functions and determine how the features of the graph of a logistics function can be determined from their equation.

                     [image: image1.jpg]



Assessment conditions:

You have three weeks to complete this assessment task. Use of technology is required. 
Your investigation should include:

(a) an introduction that demonstrates your understanding of the problem to be explored

(b) the method that you used to reach your solution(s)

(c) details of the data used, evidence of the developed solution, and the solution reached

(d) analysis and interpretation of the results

(e) a conclusion, appendices, and bibliography.

Mathematical Investigations
PART A  

Consider a population,[image: image3.png]


 which is described by the function  [image: image5.png]1+ 203t



   where N is a positive constant and t is time.

· Find P’(t) in terms of N and explain why P’(t) > 0 for all values of t. 

· Choose 3 values of N and for each of your values of N sketch the graph of [image: image7.png]P(t)



 for t ≥ 0 on the same set of axes.

· Use your graphs to investigate the effect that changing the value of N has on the axis intercept and asymptote of [image: image9.png]P(t).




· Comment on your findings.
PART B  

Consider a population,[image: image11.png]


 which is described by the function  [image: image13.png]PE) =T —



   where t is time.

· On the same set of axes, sketch the graph of [image: image15.png]P(t)



 for t ≥ 0 using A =2, 3 and 4

· Use your graphs to investigate the effect that changing the value of A has on any of the key points on the graph of [image: image17.png]P(t).




· Comment on your findings.
Consider a population,[image: image19.png]


 which is described by the function  [image: image21.png]PE) = ——5



   where B is a positive number and t is time.

· On the same set of axes, sketch the graph of [image: image23.png]P(t)



 for t ≥ 0 

using B =2,4 and 5

· Use your graphs to investigate the effect that changing the value of B has on any of the key points on the graph of [image: image25.png]P(t).




· Comment on your findings.
Conclusion

The conclusion should include a summary of results. In the discussion critically analyse your results, considering the appropriateness of the model used, the reasonableness of your findings, the possible limitations of the interpreted results and recognition of assumptions made. Your discussion should also include reference to your contribution to your group.
POSSIBLE EXTENSIONS

PART C  

Consider a population,[image: image27.png]


 which is described by the function  [image: image29.png]1+ 203t



   where N is a positive constant and t is time.

Find [image: image31.png]P*(t)



  and show that the maximum rate of growth of the population occurs when [image: image33.png]


 . Find the size of the population at this time.

Consider a population,[image: image35.png]


 which is described by the function  [image: image37.png]P& = ———%



   where N is a positive constant and t is time. Make a conjecture about what you think the effect of A and B has on the maximum rate of population growth and test your conjecture by investigating it for other values of A and B.

PART D 

In a group, research data that demonstrates logistic growth. Draw a scatterplot of the data and find the logistic model in the form [image: image39.png]P& = ———%



 using your findings from Parts A, B and C. Modify your logistic model to find better fit the data. 

Discuss the features of the model (the initial value, the carrying capacity and when it is growing fastest at the point of inflection) in the context of the model and discuss if this data supports your conjectures.


Exemplified with the kind permission of M. McGarry (Walford Anglican School for Girls) 
and MASA.

PERFORMANCE STANDARDS FOR STAGE 2 MATHEMATICAL METHODS
	
	Mathematical Knowledge and Skills and Their Application
	Mathematical Modelling and Problem-solving
	Communication of Mathematical Information

	A
	Comprehensive knowledge of content and understanding of concepts and relationships.

Appropriate selection and use of mathematical algorithms and techniques (implemented electronically where appropriate) to find efficient solutions to complex questions.

Highly effective and accurate application of knowledge and skills to answer questions set in applied and theoretical contexts.


	Development and effective application of mathematical models.

Complete, concise, and accurate solutions to mathematical problems set in applied and theoretical contexts.

Concise interpretation of the mathematical results in the context of the problem.

In-depth understanding of the reasonableness and possible limitations of the interpreted results, and recognition of assumptions made.

Development and testing of reasonable conjectures.


	Highly effective communication of mathematical ideas and reasoning to develop logical arguments.

Proficient and accurate use of appropriate notation, representations, and terminology.

	B
	Some depth of knowledge of content and understanding of concepts and relationships.

Use of mathematical algorithms and techniques (implemented electronically where appropriate) to find some correct solutions to complex questions.

Accurate application of knowledge and skills to answer questions set in applied and theoretical contexts.


	Attempted development and appropriate application of mathematical models. 

Mostly accurate and complete solutions to mathematical problems set in applied and theoretical contexts.

Complete interpretation of the mathematical results in the context of the problem.

Some depth of understanding of the reasonableness and possible limitations of the interpreted results, and recognition of assumptions made.

Development and testing of some reasonable conjectures.


	Effective communication of mathematical ideas and reasoning to develop mostly logical arguments. 

Mostly accurate use of appropriate notation, representations, and terminology.

	C
	Generally competent knowledge of content and understanding of concepts and relationships.

Use of mathematical algorithms and techniques (implemented electronically where appropriate) to find mostly correct solutions to routine questions.

Generally accurate application of knowledge and skills to answer questions set in applied and theoretical contexts.


	Appropriate application of mathematical models. 

Some accurate and generally complete solutions to mathematical problems set in applied and theoretical contexts.

Generally appropriate interpretation of the mathematical results in the context of the problem.

Some understanding of the reasonableness and possible limitations of the interpreted results and some recognition of assumptions made.

Development and testing of one or more reasonable conjectures. 


	Appropriate communication of mathematical ideas and reasoning to develop some logical arguments. 

Use of generally appropriate notation, representations, and terminology, with some inaccuracies.

	D
	Basic knowledge of content and some understanding of concepts and relationships.

Some use of mathematical algorithms and techniques implemented electronically where appropriate) to find some correct solutions to routine questions.

Sometimes accurate application of knowledge and skills to answer questions set in applied or theoretical contexts.


	Application of a mathematical model, with partial effectiveness.

Partly accurate and generally incomplete solutions to mathematical problems set in applied or theoretical contexts.

Attempted interpretation of the mathematical results in the context of the problem.

Some awareness of the reasonableness and possible limitations of the interpreted results.

Attempted development or testing a reasonable conjecture.


	Some appropriate communication of mathematical ideas and reasoning.

Some attempt to use appropriate notation, representations, and terminology, with occasional accuracy.

	E
	Limited knowledge of content.

Attempted use of mathematical algorithms and techniques (implemented electronically where appropriate) to find limited correct solutions to routine questions.

Attempted application of knowledge and skills to answer questions set in applied or theoretical contexts, with limited effectiveness.


	Attempted application of a basic mathematical model.

Limited accuracy in solutions to one or more mathematical problems set in applied or theoretical contexts.

Limited attempt at interpretation of the mathematical results in the context of the problem.

Limited awareness of the reasonableness and possible limitations of the results.

Limited attempt to develop or test a conjecture.


	Attempted communication of emerging mathematical ideas and reasoning.
Limited attempt to use appropriate notation, representations, or terminology, and with limited accuracy.


Additional Comments





If the extension activities are completed then specific feature MMP5 could also be assessed.
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