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Internal Assessment Resource

Agricultural and Horticultural Science Level 2

	This resource supports assessment against:

Achievement Standard 91289 version 2
Carry out an extended practical agricultural or horticultural investigation

	Resource title: Are leaves really necessary?

	4 credits

	This resource:

· Clarifies the requirements of the standard

· Supports good assessment practice

· Should be subjected to the school’s usual assessment quality assurance process

· Should be modified to make the context relevant to students in their school environment and ensure that submitted evidence is authentic


	Date version published by Ministry of Education
	February 2015 Version 2
To support internal assessment from 2015

	Quality assurance status
	These materials have been quality assured by NZQA.

NZQA Approved number: A-A-02-2015-91289-02-5383

	Authenticity of evidence
	Teachers must manage authenticity for any assessment from a public source, because students may have access to the assessment schedule or student exemplar material.

Using this assessment resource without modification may mean that students’ work is not authentic. The teacher may need to change figures, measurements or data sources or set a different context or topic to be investigated or a different text to read or perform.


Internal Assessment Resource
Achievement Standard Agricultural and Horticultural Science 91289: Carry out an extended practical agricultural or horticultural investigation
Resource reference: Agricultural and Horticultural Science 2.1B v2
Resource title: Are leaves really necessary?
Credits: 4  

Teacher guidelines

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

Teachers need to be very familiar with the outcome being assessed by Achievement Standard Agricultural and Horticultural Science 91289. The achievement criteria and the explanatory notes contain information, definitions, and requirements that are crucial when interpreting the standard and assessing students against it.

Context/setting 

This activity requires students to carry out an extended practical horticultural investigation to determine the effect of the number of leaves on a stem cutting on root production. 

Other possible contexts include:

· the effect of hormone concentration on root production

· the effect of different wavelengths of light on root production or plant growth.
Whatever the context chosen, it is important that the investigation enables students to collect original data over a period of time and make a valid conclusion based on the processed data that links to the purpose of the investigation and horticultural ideas. They should also be able to evaluate the process of their investigation and the contribution this made to the accuracy of their data.

Conditions 

Suggested times:

Stage 1

Planning: 1 hour - students work individually

Stage 2

Carrying out investigation: 2 weeks class time to allow for the 



collection of sufficient data

Stages 3 & 4
Processing data, interpreting and reporting: 2 hours 
Students work individually. If separate 1-hour time slots are used, you will need to keep all materials in the classroom between the two time slots. 
You are advised to check student work at each stage.

Resource requirements 

Many plants will produce roots from cuttings easily and quickly in water. Readily available varieties are Tradescantia multiflora (Tahitian Bridal Veil) and Impatiens spp.

Additional information 

Students can gain the required background theory for this investigation from studying plant propagation, which may be assessed for Biology AS91155 (2.3) Demonstrate understanding of advanced plant propagation techniques.

Wherever such integration between different parts of the programme occurs, you will need to ensure that the work presented for each assessment is developed sufficiently in order to meet the criteria for each standard.  In all such cases, teachers should refer closely to each relevant standard, including the Explanatory Notes and the Conditions of Assessment http://legacy.tki.org.nz/e/community/ncea/conditions-assessment.php.
Students will also need to have practised developing investigations through: forming a statement of purpose; developing a workable method for a fair test and for pattern seeking, practising, recording and processing data to enable a trend or pattern (or absence) to be determined; drawing a valid conclusion based on the processed data that links to the purpose of the investigation, and evaluating how the validity of the method used and reliability of the data supported a valid conclusion.

Internal Assessment Resource

Achievement Standard Agricultural and Horticultural Science 91289: Carry out an extended practical agricultural or horticultural investigation
Resource reference: Agricultural and Horticultural Science 2.1B v2
Resource title: Are leaves really necessary?
Credits: 4
	Achievement
	Achievement with Merit
	Achievement with Excellence

	Carry out an extended practical agricultural or horticultural investigation.
	Carry out an in-depth extended practical agricultural or horticultural investigation.
	Carry out a comprehensive extended practical agricultural or horticultural investigation.


Student instructions 
Introduction 
This assessment activity requires you to carry out an extended practical horticultural investigation to determine the effect of the number of leaves on the production of roots in stem cuttings and produce a report on the findings of your investigation.
You should check your method with your teacher before starting and regularly at each stage of the process.

You could grow your cuttings in water in boiling tubes. Your teacher will advise you about any other materials you might need to grow them. 
This is an individual investigation: you may work in groups to collect the data but will be assessed individually on your processing and reported findings.
The investigation will take two weeks of in- and out-of-class time.

You will be assessed on how comprehensively you plan and carry out your investigation, process data, and report on your findings. 
Task 
Carry out an extended practical agricultural investigation to determine the effect of the number of leaves on the production of roots in stem cuttings.

· You may work in a group during the investigation, but you must write your report individually.

Develop your plan 
State the purpose of your investigation. This may be an aim, testable question, prediction or hypothesis based on a scientific idea.

Develop your method 

Design a workable method that is a fair test and will give valid results to test the aim, selecting and using a method of measurement which will give valid data.
Write the steps you will take to carry out your investigation. In these steps you should:

· State what factor you will change (independent variable)

· Explain what you will measure and how you will measure it and what units you will use (dependent variable)

· Describe the factors you will keep the same (controlled variable)
· Describe how you will repeat the experiment to ensure the results are valid
· Explain how you will collect and process your information. 
Check your method with your teacher before proceeding.
Collect, record and process information/results

Conduct the investigation and monitor the plants regularly over a period of time.
Record and process the data to show any trend or pattern. 

To do this you will need to:

· follow the method you have designed, or adapt it if necessary
· record any changes you needed to make, with reasons for the changes 

· record your results in a table as you collect them 

· process your results to help you reach conclusions which can be linked to your aim. This may be using calculations (e.g. averages) and then using a method (e.g. graphs) to make your results show a trend or pattern.
Interpret the information and present your report

Make conclusions based on the data, linking them to the purpose of the investigation.
Identify and include relevant findings from another source.
Discuss the biological ideas relating to the investigation that is based on the student’s findings and those from other source(s).
Evaluate the method of the investigation, discussing how successfully it produced valid data to support a conclusion.

To do this you will need to:

· describe the trend or pattern (or absence) shown in the processed data 
· explain how the trend or pattern of your data helps you answer the problem described in the purpose of your investigation
· evaluate how successfully your method provided valid data that enabled you to reliably relate the data to the aim. When you evaluate your method, consider:

· the method you used and how and why it could be improved or how and why it produced valid data

· whether the data you gained was useful in answering the purpose of the investigation and what other data would have helped you reach a conclusion

· why the cuttings gave the data gained in the investigation. This should include a reference to how cuttings produce roots and how the plant processes which occur in leaves might effect this production.

Assessment schedule: Agricultural and Horticultural Science 91289 Are leaves really necessary?
	Evidence/Judgements for Achievement 
	Evidence/Judgements for Achievement with Merit
	Evidence/Judgements for Achievement with Excellence

	The student carries out an extended practical agricultural or horticultural investigation into the relationship between the number of leaves and root propagation. 
This means that the student provides a statement of purpose such as an aim, testable question, prediction, or hypothesis based on a scientific idea), designs a method that describes the independent variable and its range, how they will measure the dependent variable, and how they will control some other variables.
The student records and processes the data gathered and draws a conclusion based on the processed data.
The student includes relevant findings from another source.

For example (partial extracts):

Aim: To investigate the optimum number of leaves in Tradescantia multiflora cuttings to produce the best roots.
Independent variable: Range could be 0-4 and does not have to be valid.
Measures the dependent variable by, for example, counting the number of roots and/or measuring the length of the roots
Controls some other variables, such as using the same variety of plant (Tradescantia multiflora), and the same growing conditions – light and water.
Data gathered and processed is presented in a table such as:
Number of leaves

Number of roots

Total number of roots
0

1, 0, 1, 2, 0

4
2

2, 3, 4, 3, 2

14
4

8, 6, 7, 9, 7

37
6

4, 5, 6, 5, 4

24
Conclusion: The more leaves, the more roots produced.
This conclusion is backed up by the article Pastures: grasses, growth, renovation, hay, weeds, where it states that “root growth is influenced by the carbohydrates supplied by the leaves.  So when conditions are ideal for rapid leaf growth, root growth is usually rapid”. Taken from http://www.2farm.co.nz/pasture-farming.html.
	The student carries out an in-depth extended practical agricultural or horticultural investigation into the relationship between the number of leaves and root propagation. 
This means that the student provides a statement of purpose such as an aim, testable question, prediction, or hypothesis based on a scientific idea), designs a workable method that describes the independent variable and a valid range for it, how they will validly measure the dependent variable, and how they will control two or more other variables (keep them the same).

The student collects valid data, with consideration of factors such as sampling, bias and/or sources of error. 
The student records and processes the data gathered and draws a valid conclusion based on the processed data.

The student includes relevant findings from another source.

For example (partial extracts):

Aim: To investigate the optimum number of leaves in Tradescantia multiflora cuttings to produce the best roots

Independent variable: valid range, e.g. 0, 2, 4, 6/8 leaves.
Validly measures the dependent variable by, for example, counting the number of roots and/or measuring the length of the roots, using a ruler and measuring in numbers or mm.
This dependent variable is backed up by the article Meansuring Plant Growth.  It states that “root mass is recommended as a final measurement as the plant must be removed from its growing medium in order to capture accurate data. There are quite a few different methods for measuring root mass depending on the type and structure of the roots, such as counting the number of roots”.  Taken from  http://www.sciencebuddies.org/science-fair-projects/project_ideas/PlantBio_measuring_growth.shtml
Controls, with workable methods, two or more other variables, such as using the same variety of plant (Tradescatia multiflora), and the same growing conditions: all plants placed on the windowsill to gain the same light intensity and temperature; the same pots used and water kept at an identical level.
Method describes how the student will take and process repeat samples, e.g. 5 cuttings to be made of each sample; the results from each sample will be measured and averaged.
Data gathered and processed that enables the student to determine a trend or pattern (or absence) is presented in a table such as:
Number of leaves

Number of roots

Average number of roots

0

1, 0, 1, 2, 0

0.8

2

2, 3, 4, 3, 2

2.8

4

8, 6, 7, 9, 7

7.5

6

4, 5, 6, 5, 4

4.8

A graph is used that shows a pattern or trend (or absence).
Valid conclusion linked to the purpose: The number of roots produced increased with the number of leaves left on the cuttings up to 4 leaves. This trend decreased in the 6-leaf sample.
This conclusion is backed up by the definition of root-shoot ratio.  Taken from A Dictionary of Plant Sciences | 1998 [image: image1.png]


| Michael Allaby, it states that “root-shoot ratio is the ratio of the amount of plant tissues that have supportive functions to the amount of those that have growth functions. Plants with a higher proportion of roots can compete more effectively for soil nutrients, while those with a higher proportion of shoots can collect more light energy”. 


	The student carries out a comprehensive extended practical agricultural or horticultural investigation into the relationship between the number of leaves and root propagation. 
This means that the student provides a statement of purpose such as an aim, testable question, prediction, or hypothesis based on a scientific idea), designs a workable method that describes the independent variable and a valid range for it, how they will validly measure the dependent variable, and how they will control two or more other variables (keep them the same).

The student collects valid data, with consideration of factors such as sampling, bias and/or sources of error. 

The student records and processes the data gathered and draws a valid conclusion based on the processed data.

The student includes relevant findings from another source.

The student provides an evaluation that explains how the validity of the method used and reliability of the data support a valid conclusion: at least two aspects evaluated, one relating to the method and one to horticultural concepts or ideas.
For example: how the method used worked well related back to the results or how the method was inadequate and thus the results suspect, and how the results gained gave a clear picture of how leaves affect root production in cuttings and/or what other methods might have given more accurate information.
The student explains the conclusion in terms of the agricultural or horticultural ideas relevant to the investigation.
For example (partial extracts):

Aim: To investigate the optimum number of leaves in Tradescantia multiflora cuttings to produce the best roots

Independent variable: valid range, e.g. 0, 2, 4, 6/8 leaves.
Validly measures the dependent variable by, for example, counting the number of roots and/or measuring the length of the roots, using a ruler and measuring in numbers or mm.
This dependent variable is backed up by the article Meansuring Plant Growth.  It states that “root mass is recommended as a final measurement as the plant must be removed from its growing medium in order to capture accurate data. There are quite a few different methods for measuring root mass depending on the type and structure of the roots, such as counting the number of roots”.  Taken from  http://www.sciencebuddies.org/science-fair-projects/project_ideas/PlantBio_measuring_growth.shtml
Controls, with workable methods, two or more other variables, such as using the same variety of plant (Tradescatia multiflora) (samples preferably taken from the same plant) and the same growing conditions: all plants placed on the windowsill to gain the same light intensity and temperature; the same pots used and water kept at an identical level.
Method describes how the student will take and process repeat samples, e.g. 5 cuttings to be made of each sample; the results from each sample will be measured and averaged.
Data gathered and processed that enables the student to determine a trend or pattern (or absence) is presented in a table such as:
Number of leaves

Number of roots

Average number of roots

0

1, 0, 1, 2, 0

0.8

2

2, 3, 4, 3, 2

2.8

4

8, 6, 7, 9, 7

7.5

6

4, 5, 6, 5, 4

4.8

A graph is used that shows a pattern or trend (or absence).
Valid conclusion linked to the purpose: The number of roots produced increased with the number of leaves left on the cuttings up to 4 leaves. This trend decreased in the 6-leaf sample.

This conclusion is backed up by the definition of root-shoot ratio.  Taken from A Dictionary of Plant Sciences | 1998 [image: image2.png]


| Michael Allaby, it states that “root-shoot ratio is the ratio of the amount of plant tissues that have supportive functions to the amount of those that have growth functions. Plants with a higher proportion of roots can compete more effectively for soil nutrients, while those with a higher proportion of shoots can collect more light energy”.
Evaluation: Counting the roots gave a clearer set of results than measuring their length as some plants had excessively long roots (25mm) which gave skewed averages. Weighing the cuttings might have been a viable alternative as it is more quantitative. 
Explanation of the conclusion in terms of relevant agricultural or horticultural ideas: The greater number of leaves meant that there would be more sugar produced in photosynthesis. This would provide more energy for root production through respiration which could be used in root production. The optimum appeared to be 4. However if there are too many leaves (6) there may be too much water lost in transpiration and the cuttings become stressed producing fewer roots.
Consideration was given to the variables that must be controlled and repeats or numbers of measurements made for each cutting, where there was sufficient number, that if the trial was repeated at another time, the same result would be obtained. Repeats when averaged will negate the effect of a rogue result.


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