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Biology Level 2

Supplementary Material:

Practical Biology investigation, Research, Ecological Investigation

Material to support teachers in preparing students for assessment against Level 2 Biology achievement standards.
Date published: 
January 2006

Guidelines

This material has been developed by a national group of teachers and Science Advisers.  It is designed to provide teachers with supplementary material to help when developing the programme of work for Level 2 Biology in various topics.  

The particular topics in this material are:

Biological Investigations, Research, Ecological Investigation

This material is extending the information provided in the explanatory notes of the standards, the assessment specifications for the standards and information in the Biology Curriculum document.

This material is intended to be a guide for teachers when designing their teaching and learning programme.  It is not a scheme of work.

These overviews are in four sections. 

The first section gives the achievement objectives covered and the achievement standard that could be used to assess the student’s understanding. There is an indication to teachers of the prior learning required by students before they begin the topics. This will vary in some cases depending on the order in which the topics are taught. 

The second section breaks the learning material into outcomes with indicators of the depth and breadth of learning students will show.   Most of the outcomes are shown as achieved level statements. It is clearly stated that students will need to apply this knowledge in different ways to show their understanding when they answer merit and excellence level questions. Examples of applied understanding are shown where appropriate but are only intended as an indication of the types of responses expected. Supplementary outcomes are included because they add to student’s understanding but they are not specifically assessed in the achievement standards. The overview for practical investigation has two versions – the second focuses more specifically on the core knowledge required for an investigation into an aspect of cell biology.

The third section of each overview addresses the core vocabulary required to be understood by students in questions and used in their answers.  Some overviews include vocabulary assumed from prior learning.  Some include extra terms that may be useful for some students but are not essential.
The fourth section is a page of learning outcomes for students. This sheet includes a box that students could ‘tick’ when they understood the concept.

Level 2 BIOLOGY

Carry out a Practical Biological Investigation with supervision

	TOPIC
	Practical Investigation
	TIME
	12-15 hours class time.  

	Biology in the NZ Curriculum

ACHIEVEMENT OBJECTIVES
	Achievement Objective

	
	7.1 (b)

      (c)
	Investigate diversity in plants and animals

Investigate the structure and function of cells.


	Achievement Standard 

Biology AS90457 version (2)
	3 Credits 
	Carry out a practical biological investigation with supervision

	Achievement
	Achievement with Merit
	Achievement with Excellence

	· Carry out a practical biological investigation.
	· Carry out a quality practical biological investigation


	· Carry out and evaluate a quality practical biological investigation



	Refer to the Explanatory notes and Assessment Specifications for more detail about this standard.


	Prior Knowledge and Skills needed to be able to use the Core Knowledge in this unit 
	Demonstrated by….

	Develop a fair test , or a pattern-seeking investigation 
	Develop and write a testable question or prediction, establish an appropriate dependent variable, independent variable, control of other factors and sufficient trials

	Record and process data
	Record data and use processed data to describe a trend or pattern

	Interpret and report on the findings
	Interpret and report on the findings with a valid conclusion based on the data in relation to the purpose of the investigation

	Evaluate an investigation
	Evaluate a method in terms of validity and limitations


	CORE KNOWLEDGE
	Demonstrated by…

	Students will be expected to utilise the core knowledge outlined in the statements below to describe, explain and discuss aspects of an investigation and the biological concepts and processes involved.

	1
	Develop a statement of purpose that relates to the investigation.
	Development of a relevant aim, question, prediction or hypothesis that is linked to the investigation and is testable.

	2
	Design a method for a fair test or a pattern-seeking investigation that will enable the collection of valid data.
	The method for a fair test should describe:
· A valid range for the independent variable selected from a range provided by the teacher.

· Appropriate intervals between values of the independent variable to allow a valid trend to be identified. 

· Selection of a valid dependent variable

· Valid measuring of dependent variable

· Controlling and monitoring other key variables that may impact on results

· Determining whether sufficient data has been collected.

The method for pattern-seeking should describe: 

· The valid collection of data and the range of data/samples to be made.

· Controlling and monitoring other key variables that may impact on results

	3
	Collect, record and process data relevant to the purpose of the investigation.
	· Recording of data is systematic (someone else could process the data).

· The processing of data can include calculations or graphing. It should be appropriate to the data collected.

	4
	Interpret the processed data and write a valid conclusion that is relevant to the purpose of the investigation.
	· Describing a trend, pattern or relationship in the processed data.

· Relating the findings to the purpose of the investigation.

	5
	Discuss the biological ideas relating to the investigation.
	A discussion of the biological ideas of the results and how they relate to the conclusion and data collected and processed. If the results do not support the known biological facts or theories then the discrepancies are discussed.

	6
	Evaluate the validity of the method and the reliability of the data collected.
	Evaluation justifies the conclusion by analysing the reliability of the data collected. This could consider how sources of error were eliminated, how limitations were overcome, how the effective bias was reduced and assumptions that may have been made in the investigation.


SUPERVISION

What does this mean for teachers?

1. Students need to make their own decision as to how to gather data based on their formative exercises. Templates cannot be given to students for any part of the summative task.

2. Teachers should give students guidelines such as:

· the context

· the requirements of the achievement Standard

· availability of a range of equipment eg. transect lines, quadrats of different sizes, measuring equipment etc

· a range of values for the independent variable for students to choose from if appropriate. Eg if doing a “potato chips” experiment, students should have 6-7 different solutions to choose from. They would be expected to choose 4-5 in a suitable range for the potato they were using by trialling.

NCEA Level 2 BIOLOGY:  INFORMATION FOR STUDENTS
Carry out a practical biological investigation with supervision

Achievement Standard:  Biology      AS90457vs 2
3 Credits
Internal  Examination 
Title:  Carry out a practical biological investigation with supervision

	Achievement
	Achievement with Merit
	Achievement with Excellence

	· Carry out a practical biological investigation.
	· Carry out a quality practical biological investigation
	· Carry out and evaluate a quality practical biological investigation




Core Vocabulary

Conclusion

Dependent variable 

Evaluate

Fair test


Independent variable

Line of best fit

Optimum range

Pattern-seeking 

Reliable

Smooth curve

Trial

Validity

	At the end of this unit of work you should be able to use the core knowledge listed in the statements below to describe, explain and discuss aspects of practical biological investigations. 

	1
	Develop a relevant aim, question, prediction or hypothesis that is linked to the investigation and is testable
	

	2
	Conduct a fair test or investigate a pattern by;
· Being able to select a valid range for the independent variable from a range provided by the teacher.

· Being able to choose appropriate intervals between values of the independent variable to allow a valid trend to be identified. 

· Using a valid method of measuring of dependent variable

· Knowing how to control and monitor other key variables that may impact on results

· Being able to determine whether sufficient data has been collected.
	

	3
	Demonstrate systematic recording of data (so that someone else could process the data you collected).

Be able to use calculations or graphing to process your data. The method should be appropriate to the data collected.
	

	4
	Be able to describe a trend, pattern or relationship in the processed data.

Relate the findings to the purpose of the investigation in a conclusion.
	

	5
	Discuss the biological ideas of the results and how they relate to the conclusion and data collected and processed. If the results do not support the known biological facts or theories then suggest an explanation.
	

	6
	Evaluate by justifying the conclusion and analysing the reliability of the data collected or the validity of the method.  To show the reliability of the data you could consider how sources of error were eliminated, how limitations were overcome, how the effective bias was reduced and assumptions that may have been made in the investigation. To show validity of the method you could consider how the variables that might affect the result were controlled so that it was a fair test
	


Level 2 BIOLOGY

Carry out a Practical Biological Investigation on cell processes with supervision

	TOPIC
	Practical Investigation involving cell processes
	TIME
	12-15 hours class time.  

	Biology in the NZ Curriculum

ACHIEVEMENT OBJECTIVES
	Achievement Objective

	
	7.1 (c)
	Investigate the structure and function of cells .


	Achievement Standard 

Biology AS90457 version (2)
	3 Credits 
	Carry out a practical biological investigation with supervision

	Achievement
	Achievement with Merit
	Achievement with Excellence

	· Carry out a practical biological investigation.
	· Carry out a quality practical biological investigation


	· Carry out and evaluate a quality practical biological investigation



	Refer to the Explanatory notes and Assessment Specifications for more detail about this standard.


	Prior Knowledge and Skills needed to be able to use the Core Knowledge in this unit 
	Demonstrated by….

	Rates of reaction
	Describe how they vary with respect to temperature, surface area, concentration and enzymes

	Describe diffusion and osmosis
	Differentiate between diffusion and osmosis

	Define hypertonic, hypotonic and isotonic solutions
	Correct definitions

	Develop a fair test , or a pattern-seeking investigation 
	Develop and write a testable question or prediction, establish an appropriate dependent variable, independent variable, control of other factors and sufficient trials

	Record and process data
	Record data and use processed data to describe a trend or pattern

	Interpret and report on the findings
	Interpret and report on the findings with a valid conclusion based on the data in relation to the purpose of the investigation

	Evaluate an investigation
	Evaluate a method in terms of validity and limitations


	CORE KNOWLEDGE
	Demonstrated by…

	Students will be expected to utilise the core knowledge outlined in the statements below to describe, explain and discuss aspects of an investigation and the biological concepts and processes involved.

	1
	Develop a statement of purpose that relates to the investigation.
	Development of a relevant aim, question, prediction or hypothesis that is linked to the investigation and is testable.

	2
	Design a method for a fair test or a pattern seeking investigation that will enable the collection of valid data.
	The method for a fair test should describe:
· A valid range for the independent variable selected from a range provided by the teacher. E.g. 4 or more different sugar solutions if doing “making chips”. Or 1cm 2cm, 3cm and 4cm cubes if doing SA/VOL ratio

· Appropriate intervals between values of the independent variable to allow a valid trend to be identified. (Solutions are chosen at equal intervals with some in hypotonic solution to show trend).

· Valid measuring of dependent variable;” weight change” if doing chips and “distance absorbed and SA/volume ratio” if doing agar cubes

· Controlling and monitoring other key variables that may impact on results

· Determining whether sufficient data has been collected.

	3
	Collect, record and process data relevant to the purpose of the investigation.
	· Recording of data is systematic (ie.someone else could understand it clearly enough to process the data).

· The processing of data can include calculations or graphing. It should be appropriate to the data collected .e.g % weight change for chips.

	4
	Interpret the processed data and write a valid conclusion that is relevant to the purpose of the investigation.
	· Describing a trend, pattern or relationship in the processed data.e.g “diffusion is greater the greater the surface area to volume ratio.”or “for chips in potato tissue, weight was gained for those in hypotonic solution and lost for those in higher concentrations of sugar solution.”
· Relating the findings to the purpose of the investigation.i.e students need to relate the conclusion to the process of osmosis and note whether weight was gained or lost in hypertonic or hypotonic solutions.

	5
	Discuss the biological ideas relating to the investigation.
	Discuss the biological ideas of the results (e.g  how water moves through a semi-permeable membrane from high water concentration in the solution to low water concentration in the tissue) relate findings to all results i.e weight gain, loss and isotonic results. Relate discussion  to the conclusion, data collected and processed information. Discrepancies are discussed if the results do not support the known biological facts or theories - contamination etc.

	6
	Evaluate the validity of the method or the reliability of the data collected..
	Evaluation justifies the conclusion by analysing the validity of the method or the reliability of the data collected. Consider how sources of error were eliminated,(same volume of liquid to cover chips) how limitations were overcome( rolling the chips on paper towel to remove excess water fairly for each), how the effective bias was reduced (measuring cylinder rinsed between solutions, time immersed the same for all) and assumptions that may have been made in the investigation (assume same type of potato.). Or consider how key variables were controlled to make it a fair test.


NCEA Level 2 BIOLOGY:  INFORMATION FOR STUDENTS
Carry out a practical biological investigation with supervision

Achievement Standard:  Biology      AS90457vs 2
3 Credits
Internal  Examination 
Title:  Carry out a practical biological investigation of cell processes with supervision

	Achievement
	Achievement with Merit
	Achievement with Excellence

	· Carry out a practical biological investigation.
	· Carry out a quality practical biological investigation
	· Carry out and evaluate a quality practical biological investigation




Key Words: These are the words that you are expected to understand when used in questions and be able to use in your answer

Core Vocabulary

Agar

Cell

Cell Membrane

Cell Wall

Concentration

Conclusion

Collision Theory

Denaturing

Dependent Variable 

Diffusion

Enzymes

Evaluate

Fair Test

Flaccid

Independent Variable

Line Of Best Fit

Optimum Range

Osmosis 

Passive Transport 

Peroxidase

pH Scale

Phenolthalein

Plasmolysis

Rate of Reaction

Reliable

Semi-Permeable

Smooth Curve

Solute/ Solvent 

Substrate

Surface Area To Volume Ratio

Turgor

Turgid

Trial

Valid

	At the end of this unit of work you should be able to use the core knowledge listed in the statements below to describe, explain and discuss aspects of practical biological investigations. 

	1
	Develop a relevant aim, question, prediction or hypothesis that is linked to the investigation and is testable
	

	2
	Conduct a fair test or investigate a pattern by:
· Being able to select a valid range for the independent variable from a range provided by the teacher

· Being able to choose appropriate intervals between values of the independent variable to allow a valid trend to be identified

· Using a valid method of measuring of dependent variable

· Knowing how to control and monitor other key variables that may impact on results

· Being able to determine whether sufficient data has been collected.
	

	3
	Demonstrate systematic recording of data (ie. someone else could understand it well enough to process your data).

Be able to use calculations or graphing to process your data. The method should be appropriate to the data collected.
	

	4
	Describe a trend, pattern or relationship in the processed data.

Relate the findings to the purpose of the investigation in a conclusion.
	

	5
	Discuss the biological ideas of the results and how they relate to the conclusion and data collected and processed. If the results do not support the known biological facts or theories then suggest an explanation.
	

	6
	Evaluate by justifying the conclusion and analysing the reliability of the data collected or the validity of the method. You could consider how sources of error were eliminated, how limitations were overcome, how the effective bias was reduced and assumptions that may have been made in the investigation. Or you could consider how key variables were controlled.
	

	

	In addition the following knowledge will contribute to your understanding of the core knowledge

	1
	Collision theory. 
	

	2
	Membrane function.
	

	3
	Water potential
	

	4
	Relating cell size and shape to surface area/volume ratio 
	


Level 2 BIOLOGY

Research

	TOPIC
	Research
	TIME
	Approximately 4 periods initially, 2 periods for the presentation/write up.

	Biology in the NZ Curriculum

ACHIEVEMENT OBJECTIVES
	Achievement Objective

	
	7.3 (a) 

7.3(b)
	Process information to enable informed debate on the impact of human activities within ecosystems

Investigate examples of processes or techniques used in applied biology to meet human needs or demands.


	Achievement Standard 

Biology AS 90769 version 1
	3 Credits 
	Research the interaction between humans and an aspect of biology

	            Achievement
	            Achievement with Merit
	Achievement with Excellence

	· Research and describe the interaction between humans and an aspect of biology. 
	· Research and explain the interaction between humans and an aspect of biology.
	· Research and discuss the interaction between humans and an aspect of biology.

	Refer to the Explanatory notes and Assessment Specifications for more detail about this standard


	Prior Knowledge and Skills needed to be able to use the Core Knowledge in this unit 

– from curriculum levels 5 & 6 

	Research skills:  Students will probably have had research experiences in level one in different subjects. 




	
	CORE KNOWLEDGE
	Demonstrated by…..


	Students will be expected to utilise the core knowledge outlined in the statements below to discuss the impact of human activities on an ecosystem or how an applied biology technique is used to meet a human need or demand.

	1
	Refine a topic into a specific question or questions to be investigated.
	Develops a specific question from a broad topic eg Eradication of pests on offshore islands into What impact have humans had on the biology of offshore islands by removing rats . 

e.g. Kidney Dialysis into What human need or demands does kidney dialysis meet and what are the biological processes involved in this technique? 

	2
	Find a range of relevant resources.
	Uses a range of sites on the internet, books from school and local libraries, videos, interviews where appropriate.

	3
	Identify information relevant to a question.
	Information is relevant to the question, not pages of background or history. 

e.g. Information on the history of the offshore island is not required in detail. Information on the biology of a specific, named ecosystem and/or the organisms of the offshore island prior to the pest(s), with the pest(s) and following eradication would be relevant.

e.g. Information on medical reasons leading to the need for kidney dialysis does not need covering in a lot of detail. Information on the biological concepts and processes of the dialysis technique, related to the human need or demand.

	4
	Describe biological concepts and processes.
	Identifies the key concepts and processes – 

e.g. Trophic level of pest(s), impact on food webs, impact on native species, possible reintroduction of endangered species.

e.g. How the kidney functions and the problems that arise if it fails, how the dialysis machine filters the blood and the principles of diffusion and osmosis.

	5
	Students write report in their own words.


	Material is not copied from resources but written in the student’s own words with some  direct quotes  used and referenced

	6
	If the use of an applied biology technique is the topic:

Recognises a human need or demand of the technique. 

Discusses the implications of the use of this technique
	A relevant human need or demand of the technique needs to be described. Eg a  person with a failing kidney  may have dialysis to perform the kidney’s function.

Eg The advantage to the patient of improved quality of life while a disadvantage is needing to rely on a machine for blood filtration.

	7
	If the impact of a human activity on an ecosystem is the topic:

Describes the impacts of humans.

Discusses the current and future management options for the ecosystem and the implications of  decisions made. 
	Eg.Describes why humans introduced a pest or removed one or more species, how human actions caused changes to food webs, the possible effects of  restricting human access – social and ecological. Impact on biology of ecosystem or organisms must be clear.


	8
	Reference resources used in the body of a report.
	Ie. Footnotes or endnotes. Use APA or similar system correctly. Referencing within the text needs to correspond to the reference list/bibliography.

	9.
	Write a reference list or bibliography. 
	Use APA or similar method.


What does supervision mean for teachers?

1 Formative activities are needed to teach research skills. There are some fairly standard activities available. Librarians can be very helpful.

2 A list of suggested topics – students usually cope better with a small range of topics based on content that has been taught in class. 

3 Students are given a suggestion of suitable reference sources.

4 Setting milestones to assist the student with time management (failure to meet interim deadlines does not preclude a student from achieving the standard) and to help establish authenticity.

5 Suggesting a suitable format of the final report, including layout and length. Suggesting a suitable method of presenting their referenced information – a scrapbook or similar.

6 Conferencing with the students during the planning and carrying out of the research by asking the student questions such as:

(a) Have you chosen your topic?

(b) Have you developed a series of questions based on what you need to find out about your topic?

(c) Have you established the important biological concepts and processes involved? 

(d) What are the human needs and demands being met by the chosen technique and their advantages/ disadvantages? OR What is the impact of human activity, and management options and their implications? 

(e) Is your range of sources sufficient?

(f) Have you written in your own words or indicated quotations, and included references in the body of your text?

(g) Have you included a reference list or bibliography.




These questions may be answered by observing the students’ work at the milestones

 7.        A bibliography is a complete record of all sources of information while a reference list refers only to those sources          referred to in the text. Only one is required. A reference list is more useful to teachers to check referenced material. 

.

NCEA Level 2 BIOLOGY

Ecological Investigation.

	TOPIC
	Ecological Investigation
	TIME
	4 - 6 hours class time.

3 - 5 hours field work.

	Biology in the NZ Curriculum

ACHIEVEMENT OBJECTIVES
	Achievement Objective

	
	7.1 (a)
	Investigate and identify interrelationships and possible patterns within populations and communities using New Zealand examples.


	Achievement Standard 

Biology AS90460 version 2
	3 Credits
	Investigate an interrelationship or pattern in an ecological population or community.

	Achievement
	Achievement with Merit
	Achievement with Excellence

	· Record and process sufficient field data to show an interrelationship or pattern.

· Describe an interrelationship or pattern with reference to an environmental factor or the biology of an organism.
	· Appropriately record and process sufficient field data to clearly show an interrelationship or pattern.

· Explain an interrelationship or pattern with reference to an environmental factor or the biology of an organism.
	· Appropriately record and process sufficient field data to clearly show an interrelationship or pattern.

· Discuss an interrelationship or pattern with reference to an environmental factor and the biology of an organism. 

	Refer to the Explanatory Notes and Assessment Specifications for more detail about this standard


	Prior Knowledge and Skills needed for students to be able to carry out an investigation at Level 7 of the curriculum

	The Core Knowledge identified in the overview for Level 2 Biology, 90461 (Describe concepts and processes relating to Ecology) is also required for students who are carrying out an assessment task for this Achievement Standard


	CORE KNOWLEDGE and SKILLS.
	Demonstrated by…

	Students will be expected to utilise the core knowledge outlined in the statements below to carry out an investigation into an interrelationship or pattern in an ecological population or community.

	1.
	Basic theory and practice of sampling
	· Students can describe a number of sampling methods / techniques.

eg. transects, quadrats, direct counts, mark and recapture, indirect counts, ways of measuring animal’s ages.

· Students can determine if sufficient data has been collected.

· Students can identify faulty sampling methods / techniques which may generate biased data and invalid conclusions based on this data.

	2.
	Collection and  recording of primary data.
	· Sufficient field data is recorded to allow a possible interrelationship or pattern to be identified.

· Data is recorded appropriately.i.e. someone else could process the primary data collected by a student. This could require some or all of the following as appropriate to the task:

· location of sample sites

· areas where samples are taken in a distribution study

· position of transect

· distance between / location of quadrats

· size, shape, area of quadrats

· how the location of transects and / or quadrats are determined

· how measurements are taken eg. which part of the animals body is measured, tree heights by triangulation, how age is determined etc.

· units of measurement

	3.
	Processing of field data
	· Field data is processed in a way that allows a possible interrelationship or pattern to be identified.
Processing is appropriate with respect to the interrelationship or pattern being investigated and the type of data that was collected. eg. Kite diagram to show zonation or distribution, pyramids to show age structure of a population, profile diagram for stratification, tabulated means.Processing should be appropriate to the type of data collected and should be systematic  (stand-alone i.e. can be  understood without reference to the method used).

	4.
	Describe the pattern or interrelationship being investigated.


	The Core Knowledge identified in the overview for Level 2 Biology, Ecology (2.5) is used to describe the findings i.e. recognises and defines community interrelationships or patterns including: succession, zonation, stratification, distribution of different species, competition, predation, parasitism or mutualism;

Population interrelationship or patterns including: age structure, density, distribution of a species, habitat preference, adaptations or intraspecific competition.

	5.
	Explain an ecological reason for the pattern or interrelationship being investigated.
	The interrelationship or pattern is explained with reference to:

· one or more environmental factors. These may be abiotic or biotic eg. temperature, light availability, pH, times of submergence / emergence, presence of predators, competitors etc
or 

· the biology of the organism(s) involved. This includes any adaptation of the organism that relate to the interrelationship or pattern being investigated. eg. explains the distribution, zonation, age structure, etc.

	6.
	Discuss the ecological reasons for the pattern or interrelationship being investigated.


	The interrelationship or pattern is discussed with reference to:

· one or more environmental factors (as above)

and

· the biology of the organism(s) involved. (as above).


SUPERVISION: What does this mean for teachers:

Students need to make their own decision as to how to gather data based on their formative exercises. Templates and data tables cannot be given to students for any part of the summative task.

· Teachers should give students guidelines such as:

· the context

· the requirements of the achievement Standard

· availability of a range of equipment eg. transect lines, quadrats of different sizes, measuring equipment etc

· Teachers should question their students in order to help them clarify their ideas. This should be done without directing them but rather by asking relevant questions. These can be oral or written and can be done during formative activities. 

· Students should then develop and complete their investigations from the initial guidelines provided by the teacher.

· Students may gather their data in small groups but must complete other tasks individually.
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