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Mathematics and Statistics Achievement Standard 91038
Investigate a situation involving elements of chance 
Crazy Animals

Credits: 3 

Teacher guidelines 
The following guidelines are designed to ensure that teachers can carry out a valid and consistent assessment using this internal assessment resource. 

Read also:

· The Achievement Standard Mathematics and Statistics 90138 explanatory notes at http://www.nzqa.govt.nz/ncea/assessment/search.do?query=mathematics&view=achievements&level=01
· The senior subject guides at http://seniorsecondary.tki.org.nz, in particular:

· http://seniorsecondary.tki.org.nz/Mathematics-and-statistics/Achievement-objectives/Achievement-objective-S6-3
· The assessment exemplars and moderator comments at http://www.nzqa.govt.nz/qualifications-standards/qualifications/ncea/ncea-subject-resources/ncea-study-resource-mathematics/exemplars/
These notes contain information, definitions, and requirements that are crucial when interpreting the standard and assessing students against it. 

For this achievement standard, students will need an understanding of concepts and terms including:

· experimental distribution 

· summary statistics (appropriate statistics for this activity could include any of mean, median, mode, and range)

· features, trends and/or patterns in the experimental distribution, e.g. shape, symmetry, skew, unusual and/or interesting aspects of the data/distribution. 

Context/setting 
This assessment activity is based on a free activity from maths300. Refer to www.maths300.esa.edu.au for further details.
This activity could be adapted to other contexts that present similar opportunities to meet the standard, for example, 

· Throwing a screwed up ball of paper into a bin from a set distance. Best of three throws - does it get in or not?

· Dropping paper helicopters from a height into a target ring – what ring do they land in?

· Catching a rugby ball thrown in at line out

· Drawing pin – does it land on side or head up?
· Buffoon’s needle (dropping match sticks onto area)
· From nrich website: Flipping discs, Two’s company, Coin tossing (www.nrich.maths.org)
This assessment task requires students to pose a question about the probability of a game of chance, plan an experiment, perform the experiment, present the data in appropriate displays, and draw a conclusion. The context for this assessment is the Crazy Animal game which involves collecting head, body and leg cards to put together to make a three piece animal. 

It would be helpful if students had engaged with the context by playing the Crazy Animal game before the assessment. This could happen in Session One before they pose their question.

Prior to the assessment, teachers will need to explain the card game to the class and together the class should play the game and make a few animals, recording them on the board e.g. ZZC (zebra head, zebra body, Chicken legs); CZE (Chicken head, zebra body and elephant legs). This could happen prior to the 20 minutes students are given in Session One for posing the question and planning. 

Conditions 
This assessment activity requires multiple sessions. Teachers will need to decide on the number of sessions and adapt the student instructions accordingly.

Students should work on this task individually and authenticity needs to be assured. To ensure authenticity teachers will need to collect in students’ work between sessions.

Where manageable, one reassessment opportunity should be available for all students.
In the first session, students individually pose an investigative question and plan an experiment that will answer their question. 

Students must be given time between this planning session and later sessions to make minor adjustments to their investigative question and plan (in consultation with the teacher). 

The student’s investigative questions need to be checked and students given time to correct or improve their question. A suitable investigative question reflects the probability situation; has a clear variable for investigation; requires statistical analysis; and can be meaningfully answered with the data gathered. 

If students are unable to improve their question, students should be given feedback of a general nature which indicates which of the question criteria have not been met.  If, after an extended opportunity, a student is still unable to pose a suitable investigative question, they should be given a question with which to complete the assessment activity. Posing a question and writing a plan are fundamental aspects of the extended abstract thinking required for Excellence.

The student’s plan must be checked, and time provided for them to correct or improve their plan. A plan must discuss and define the set of possible outcomes; identify the number of trials; identify how you will record your results; be sufficient to answer your investigative question. 

Teachers should give students guidance of a general nature indicating which aspects of the planning need improving (see list in student sheet). If, after an extended opportunity, a student is still unable to make a suitable plan then they are unable to be awarded credit for this achievement standard. 

In subsequent sessions, students, individually or in pairs, collect their data by playing the Crazy Animal game. 

Students then individually analyse their data and draw a conclusion(s) to answer their question. 

Resource requirements 

Students will each need a total of 9 cards: 3 heads, 3 bodies and 3 legs. A master copy is provided with this task (see Crazy Animal Cards pdf)
To make a complete crazy animal, students need to select one head card, one body card and one leg card.

Students could use technology, for example, calculators or computers to simulate the selection of the crazy animal parts and for the analysis. 

Additional Information 

Instructions for playing Crazy Animals: 
There are nine cards in a pack. The cards are organised into three separate piles: Head, Body and Leg piles. A player randomly selects one head card, one body card and one legs card and makes a crazy animal.  There are three animals represented in the cards: Chicken, Elephant and Zebra. 

	Head:
	Elephant

	Body:
	Zebra

	Leg:
	Elephant


For example here is a crazy animal with an elephant head, a zebra body and elephant legs. 
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That is:

This crazy animal has 2 parts of an elephant, 1 part of a zebra and 0 parts of a chicken.

Each crazy animal could have 0, 1, 2 or 3 parts of any particular animal.

CRAZY ANIMALS
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Mathematics and statistics AS 1.13



Credits: 3
	Achievement
	Achievement with Merit
	Achievement with Excellence

	· Investigate a situation involving elements of chance.
	· Investigate, with justification, a situation involving elements of chance.
	· Investigate, showing statistical insight, a situation involving elements of chance.


Student instructions sheet 

Introduction 
This assessment activity requires you to undertake a probability investigation about a probability card game.
You will have <insert number> sessions to complete this task.  In the first session, you will pose an investigative question involving probability and plan the experiment. In the following sessions you will carry out the experiment to collect data, analyse your data and write a conclusion. 
The quality of your discussion and reasoning, and how well you link this to the context, will determine the overall grade.
 
Rules for playing the Crazy Animals Game 
There are 9 cards in a pack. The cards are organised into three separate piles: Head, Body and Leg piles. A player randomly selects one head card, one body card and one legs card and makes a crazy animal.  There are three animals represented in the cards: Chicken, Elephant and Zebra. 

	Head:
	Elephant

	Body:
	Zebra

	Leg:
	Elephant


For example here is a crazy animal with an elephant head, a zebra body and elephant legs. 

[image: image5.emf]NZAMT NZAMT

That is:

This crazy animal has 2 parts of an elephant, 1 part of a zebra and 0 parts of a chicken.

Each crazy animal could have 0, 1, 2 or 3 parts of any particular animal.

Session One

PROBLEM 
Consider the probability of the different crazy animals that you can make from the three body parts of the three animals. Pose an investigative question. 
A suitable investigative question reflects the probability situation; has a clear variable for investigation; requires statistical analysis; and can be meaningfully answered with the data gathered. 

PLAN 
Plan an experiment to answer your question, and write down your procedure. Your experimental procedure must: 

· discuss and define the set of possible outcomes; 

· identify the number of trials; 

· identify how you will record your results; 

· be sufficient to answer your investigative question. 

Your investigative question and experimental procedure need to be approved by your teacher before beginning the next session. 

Session Two <change if running over more sessions>
DATA 
Carry out your experiment and record your data in a suitable format. 

ANALYSIS 
On your own, analyse your data and present your findings: 

· draw at least two appropriate displays to show the data 

· calculate appropriate summary statistics and/or probabilities

· describe features of your data  and any trends or patterns in the experimental distribution, for example, shape, unusual or interesting features. 

· discuss your data, displays and statistics in the context of your investigation

CONCLUSION 
Write a conclusion that summarises your findings and answers your question.
Remember that the quality of your discussion and reasoning and how well you link this to the context will determine your overall grade.  

Assessment schedule: Mathematics and Statistics 1.13 Crazy Animals

	Evidence/Judgments for achievement 
	Evidence/Judgments for achievement with merit 
	Evidence/Judgments for achievement with excellence 

	Investigate a situation involving elements of chance. 

The student: 

· Attempts to pose an appropriate investigative question, or if unsuccessful, uses teacher supplied question.

· Prepares a plan, with or without guidance from the teacher, which allows them to carry out the experiment to collect data (Plan must state possible outcomes and sample size).
· Gathers data by doing their experiment. 

· Selects and uses appropriate display(s) that include the experimental distribution. 

· Writes at least one statement that describes feature(s) in their data. 

· Writes a conclusion that addresses their question. 
	Investigate, with justification, a situation involving elements of chance. 

The student: 

· Attempts to pose an appropriate investigative question, or if unsuccessful, uses teacher supplied question.
· Prepares a plan, with or without guidance from the teacher, which allows them to carry out the experiment to collect data (Plan must state possible outcomes and sample size).
· Gathers data by doing their experiment. 

· Selects and uses appropriate display(s) that include the experimental distribution. 

· Calculate appropriate summary statistics or probabilities

· Writes at least two statements that discuss summary statistics, probabilities, trends or feature(s) of their data AND shows understanding of connections between the data and the context.
· Writes a conclusion that addresses their question and links the experimental situation to the context
	Investigate, showing statistical insight, a situation involving elements of chance. 

The student: 

· Poses an appropriate investigative question, without guidance from the teacher.
· Prepares a plan, with or without guidance from the teacher, which allows them to carry out the experiment to collect data (Plan must state possible outcomes and sample size).
· Gathers data by doing their experiment. 

· Selects and uses appropriate display(s) that include the experimental distribution. 

· Calculate appropriate summary statistics or probabilities

· Writes at least two statements that discuss summary statistics, probabilities, trends or feature(s) of their experimental distribution AND shows understanding of connections between the data and the context.

· Writes a conclusion that addresses their question and integrates the experimental situation with the context and demonstrates an understanding of probability. (This may involve consideration of theoretical probability and the effect of changing factors or extending the experiment).

	Poses question with or without help and makes a plan:
I wonder how many times I am able to make a complete animal eg a chicken from the three cards? A complete animal must have three parts (chicken head, chicken body, chicken legs or similar for a zebra or an elephant). 

I will make 50 animals.

Complete

Not complete

Total

Number of times made

10

40

50

From my table I notice that I got very few complete animals. The probability for this was 0.2. 

My conclusion is that 20% of the animals I will make will be chickens.

Note: the question posed in this example limits opportunities for Merit as Merit requires more in-depth analysis and discussion than this question gives opportunity for.
	Poses question with or without help and makes a plan:

 I wonder what the distribution of the maximum numbers of parts of the same animal is if I pick three cards. There are three possible outcomes: 1 part from each animal, 2 parts from the same animal or three parts from one animal (a complete animal is formed). I will make 50 animals.
For Merit experimental data must be collected and displayed. At least one probability or statistic must be calculated.

e.g. Examples of this could be:
Max number of parts of an animal
 

1
2

3

total

number

18

28

4

50
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Merit also requires aspects of the investigation to be linked to the context/situation with supporting statements which refer to the evidence.

e.g. Examples of this could be:

I notice that the most frequent result was two animal parts the same. 56% of my crazy animals had two animal parts from the same animal. Only 8% had all three parts from the same animal. 36% had parts from three different animals.
For Merit, supporting statements for their answer to the question must be given. 

e.g. Examples of this could be:

From the graph I conclude that in the long run I am most likely to make animals that have two parts the same, then the next most likely is to have each part from a different animal and the least likely is to have all three parts the same.
NB. Another possible question could be: I wonder how many of the parts will be from a chicken in the three cards.


	Poses question without help and makes a plan:

I wonder what the distribution of the maximum numbers of parts from the same animal is from three cards. Excellence does not require a more detailed plan but student’s comments may  provide evidence of higher order thinking and contribute towards the evidence of statistical insight 

For example:

The possible outcomes are 1, 2 or 3 parts of the same animal. 1 meaning that the crazy animal I form has one part from each of the three original animals, 2 means that the crazy animal has two parts from one of the original animals and 3 means that the crazy animal I make is a complete animal. I expect that I will have few outcomes with three parts from the same animal (meaning I made a complete animal) because I know that there are 27 possible outcomes in the theoretical probability and only 3 of these will be complete animals.

 A trial will be when I select three cards to form one crazy animal.

I will perform 50 trials that means I make 50 animals.

 I chose 50 because I want a large enough number of repetitions for me to see patterns but I don’t want such a large number that it will take too much time and be unmanageable.
(Student drew  Table and Graph  from Merit) 
For Excellence, comments about graphs and tables need to show an understanding of probability and how the experimental probability links to this.
Statements must be supported with evidence

Comments must have some depth and should give specific reasons why the results shown in the tables and/or graphs are expected or not expected e.g. 
The shape of my experimental distribution shows that crazy animals with two parts from the same animal are the most likely. 56% of my trials have two animal parts from the same animal.  Animals with one part from a different animal each are next most likely with 36% and crazy animals that are complete animals are the least likely. Only  8% had all three parts from the same animal
Excellence comments should also discuss the context and how this integrates with probability and the question the student was investigating. All comments should be supported with specific evidence either from their investigation or their understanding of probability. For example:
The experimental distribution implies that in the long run I am most likely to select two animal parts from the same animal.  The theoretical probability of getting two parts the same is 66.67%, of getting three parts the same is 11.1% and all parts different is 22%. (See my probability tree on other page)

From the theory, I would expect to get 5.5 i.e. between 5 and 6 complete animals,   33 animals made up of two parts from the same animal and 11 having only one animal part from an animal to match this theoretical probability.  
Excellence answers should also show insight. This could come from statements about further aspects of probability and how they specifically relate to the context of the investigation. eg:

My experimental results show a similar trend to what would be expected from the theory where a two part animal is most likely and three parts the same least likely. However, in my experiment I got slightly fewer two part crazy animals than the theoretical result would suggest I should have got. I got 56% compared to the 66.67% for the theoretical. This is about a 10% difference. However, I got more animals with all parts different than the theoretical probability would suggest I should get. In my experiment the probability of making an animal with all parts different was 36%. The theoretical probability for this is 22%. This is a 14% difference.
 If I were to perform my experiment more times e.g. 100 times, I would expect to get results that were much closer to the theoretical probability and if I performed it 10000 times I would expect my results to be very close to the theoretical results. 
NB. The examples given here should be considered as standalone comments. In an extended discussion, students would not need to repeat comments or information that they had discussed previously.

	Final grades will be decided using professional judgement based on a holistic examination of the evidence provided against the criteria in the Achievement Standard.


Probability Tree:
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