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COURSE GUIDE

The Course Guide must be read in conjunction with the course document. It contains advice to assist teachers delivering the course. 

Purpose and aims of the course 

This course is intended to enable students to develop a deep understanding of the fundamental concepts of Biology, rather than accumulate detailed, prescribed knowledge. In studying these basic concepts, or “big ideas” there is flexibility with regard to the approach and the choice of examples considered can be made according to:

• the interests of teachers and students

• the relevance to students 

• the local environment

Teaching and learning methodologies

An inquiry based approach will assist in engaging students. Students should be given opportunities to apply their understanding to new situations and to use it to solve problems.

Biology is essentially a practical subject and the course is intended to include approximately 30% practical activities. These activities can be used for teaching and learning as well as for assessment. Practical activities may include demonstrations but will usually be conducted by students. In some activities students can be shown a particular technique (eg to measure the rate of action of an enzyme) and then extend the activity by using the technique to investigate a factor of their choice. This gives students an insight into experimental design and helps them to constructively criticise the experiments of others.

Each unit is suited to practical activities. A few examples are given below; there are many more possibilities.

Chemical Basis of Life 
 
• Food tests

• Factors affecting the rate of enzyme action

• Factors affecting the rate of photosynthesis

• Factors affecting the rate of anaerobic respiration

Cells



• Microscope practicals





• Osmosis practical





• Mitosis in root tips

Organisms


• Homeostasis in humans (heart rate/breathing rate)





• Dissections





• Measuring the rate of transpiration

Ecosystems

 
• Field investigations





• Natural selection simulation

Clarification and depth of concepts 

The following table should be used in conjunction with the course content table. It answers some of the frequently asked questions: “Is x included?”

	Knowledge and understanding required for Criteria 5, 6, 7 and 8

	Concept
	Is this included?
	Yes
	No

	CHEMICAL BASIS OF LIFE (C5)
	
	
	

	Structure and function of enzymes
	
	(
	

	Basic properties and function of biological compounds
	Tests  for lipids, protein, starch, glucose
	
	(

	
	Vitamins and minerals are cofactors, coenzymes etc
	(
	

	
	Elements present in carbohydrates, lipids and proteins
	(
	

	
	Proteins as the source of nitrogen in nitrogenous wastes 
	(
	

	
	Proteins are polymers of amino acids
	(
	

	
	Polysaccharides are polymers of monosaccharides
	(
	

	
	Lipids (fats & oils) composed of glycerol and fatty acids
	(
	

	

	Saturated and unsaturated lipids (as they relate to suitable diet only)
	
	(

	
	Use of radioactive isotopes as a tool to trace movement of elements /compounds
	(
	

	Capture, release and transfer of energy
	Light dependent and independent reactions
	
	(

	
	Word equations for photosynthesis
	(
	

	
	Word equations for aerobic respiration
	(
	

	
	Word equations for anaerobic respiration (in both microbes and muscle cells)
	(
	

	
	Comparison of energy output for aerobic and anaerobic respiration
	(
	

	
	Glycolysis, Krebs cycle, electron transport system and other biochemical details
	
	(

	The structure and role of DNA
	Transcription
	(
	

	
	Translation
	(
	

	
	Role of messenger RNA
	(
	

	
	Role of transfer RNA
	(
	

	
	Protein synthesis
	(
	


	Concept
	Is this included?
	Yes
	No

	CELLS (C6)
	
	
	

	Structure reflects function in cells
	Water carrying cells in xylem (vessels)
	(
	

	
	Other detailed study of xylem (fibres, wood)
	
	(

	
	Sieve tubes and companion cells
	(
	

	
	Root hairs
	(
	

	
	Guard cells of stomaches
	(
	

	
	Viruses
	
	(

	
	Bacteria as examples of prokaryotic cells
	(
	

	Cells need materials and remove wastes
	
	(
	

	Maintaining equilibrium in cells
	Contractile vacuoles
	(
	

	Cell division
	Names and descriptions of stages of mitosis and meiosis
	
	(

	ORGANISMS (C7)
	
	
	

	Relationship between structure and function in organisms
	Comparisons of monocots and dicots
	
	(

	
	Structure of woody stems
	
	(

	Input, breakdown, transfer and output of materials in organisms
	Principle of mechanical digestion (e.g. teeth, crop, bile)
	(
	

	
	Histology of parts of the gut (muscle layers)
	
	(

	
	Modifications to ileum to enable efficient absorption of food
	(
	

	
	Chemical digestion
	(
	

	
	Role of enzymes in chemical digestion
	(
	

	
	Transpiration
	(
	

	
	Factors affecting rate of transpiration (e.g. humidity, stomatal density)
	(
	

	
	Route taken by water in herbaceous dicots
	(
	

	
	Translocation - route taken by organic molecules in herbaceous dicots only
	(
	

	
	Mechanism of water transport in xylem 
	
	(

	
	Mechanism of transport of organic molecules in phloem. 
	
	(

	
	Transpiration a passive process; translocation an active process
	(
	

	
	Food tests (optional, see Criterion 5)
	
	(

	Concept
	Is This Included?
	Yes
	No

	
	Role of stomata in regulating water loss
	(
	

	
	TS of root, stem and leaves of herbaceous dicots in relation to vascular tissue and water loss
	(
	

	
	Oxygen dissociation curves
	
	(

	
	Lymphatic system
	
	(

	
	Lacteals
	
	(

	
	Counter current flow
	
	(

	
	Types of respiratory surfaces
	(
	

	Basic feedback mechanisms in organisms
	Stimulus, receptor, effector, response model
	(
	

	
	Negative feedback
	(
	

	
	Ectotherms; endotherms
	(
	

	
	Insulin, glucagon
	(
	

	
	ADH
	(
	

	
	Diabetes
	(
	

	
	Other homeostatic processes – as examples of negative feedback with content given.
	(
	

	Asexual & sexual reproduction; genetics
	Structure and function of animal and/or plant reproductive systems
	
	(

	
	Dominant/recessive alleles
	(
	

	
	Incomplete (partial) dominance
	(
	

	
	Co-dominance
	(
	

	
	Multiple alleles 
	
	(

	
	Sex linked recessive traits
	(
	

	
	Life cycles
	
	(

	
	Alternation of generations
	
	(

	INTERACTIONS OF ORGANISMS WITH THEIR ENVIRONMENT (C8)
	
	
	

	Adaptation of plants and animals
	Modifications to plants (especially leaf structure) in response to water availability, e.g. thickened cuticle, leaf shape, sunken stomata
	(
	


	Concept
	Is This Included?
	Yes
	No

	
	C4 plants
	
	(

	
	CAM plants
	
	(

	
	Concept of a niche
	(
	

	Cycling of matter in ecosystems
	
	(
	

	Energy in ecosystems.
	
	(
	

	Population growth and regulation.
	Exponential growth
	(
	

	
	Carrying capacity
	(
	

	
	Density dependent limiting factors
	(
	

	
	Density independent limiting factors
	(
	

	
	Age pyramids
	
	(

	
	Feedback as applied to population regulation
	(
	

	Evolution
	Lamarck’s theory
	
	(

	
	History of life on earth
	
	(

	
	Evidence for evolution
	
	(

	
	Hardy-Weinberg formula
	
	(


Course content table

	KEY IDEAS

Level of Organisation
	STRUCTURE REFLECTS  FUNCTION
	MATERIALS

INPUT/OUTPUT
	ENERGY

INPUT/OUTPUT

	Chemical Basis of Life
	Structure and function of enzymes.

· role & characteristics of enzymes including

· factors affecting rates of action

· mechanism of enzyme action 


	Basic properties and functions of biological compounds.

· carbohydrates

· lipids

· proteins

· vitamins and minerals

· water


	Capture, release and transfer of energy. 

Basic principles relating to:
· photosynthesis

· respiration; (aerobic  & anaerobic)

· ATP as energy   currency

· carbohydrate and lipids – energy  molecules

	Cells
	Structure reflects function in cells.

· cell organelles

· prokaryotic/eukaryotic cells

· plant & animal cells

· differentiation &  specialisation

· organisation of cells into tissues, organs & organ systems

· use of microscope in studying cells    (magnification, estimation of cell size)


	Cells need materials and remove wastes.

· passive processes (diffusion and osmosis)

· active processes (active transport, exocytosis and endocytosis)

· significance of surface area to volume ratio
	


	KEY IDEAS

Level of Organisation
	STRUCTURE REFLECTS FUNCTION
	MATERIALS

INPUT/OUTPUT
	ENERGY

INPUT/OUTPUT

	Organisms
	Relationship between structure and function  in organisms drawing examples from:

· digestion (including a variety of diets)

· gas exchange in plants and animals

· transport systems in plants and animals

· excretion in animals

· advantages & demands of multicellularity

· significance of surface area to volume ratio


	Input, breakdown, transfer and output of materials in organisms with particular emphasis on the principles of:

· digestion and absorption

· gas exchange in plants and animals

· transport systems in plants and animals

· excretion in plants and  animals


	

	Interactions of Organisms with their Environment
	Adaptations of plants and animals to:

· temperature variations

· water availability (osmoregulation)

· structural

· behavioural &

· physiological adaptations


	Cycling of matter in ecosystems.

· carbon

· nitrogen
	Energy in ecosystems.

· autotrophic & heterotrophic organisms

· food chains/webs

· trophic levels and  energy flow

· energy  pyramids and biomass pyramids

· biomagnification 




	KEY IDEAS

Level of Organisation
	MAINTAINING EQUILIBRIUM

BY NEGATIVE FEEDBACK
	DNA: THE CODE OF LIFE
	EVOLUTIONARY

CHANGE

	Chemical Basis of Life
	
	The structure and role of DNA.

· structure and  replication,

· protein synthesis

· gene (point) mutation/source of variation
	

	Cells
	Maintaining equilibrium in cells with respect to (examples not mechanisms):

· water/salts

· glucose

· oxygen

· carbon dioxide 

· contractile vacuoles
	Cell division.

· significance of mitosis and  meiosis in   sexual and asexual reproduction


	

	Organisms
	Basic feedback mechanisms in vertebrates (homeostasis), which regulate:

· temperature

· blood glucose

· water balance


	Asexual and sexual reproduction; genetics

· significance of  asexual & sexual reproduction

· monohybrid crosses: incomplete dominance and codominance

· sex linked crosses

· pedigrees
	

	Interactions of organisms with their environment
	Population growth and regulation.

· potential for exponential growth

· limiting factors


	
	Evolution 

· natural selection

· concept of a species

· binomial system of nomenclature

· speciation



Course Criteria: Some Suggestions

The following tables clarify the four skills-based Science criteria. They indicate the aspects encompassed by each criterion and should be used in conjunction with the standards.

Note: Evidences give examples of ways in which the criteria may be addressed. These examples are not prescriptive (it is not intended that all evidences should be addressed) neither are they exhaustive (other similar evidences may be used.)

Criterion 1: Demonstrate personal skills to organise and complete activities

	Aspects
	Skills students demonstrate
	Evidences

(Examples of what students do)

	a) General organisation and completion of activities
	Planning of tasks
	1) Identify what needs to be done

2) Set goals with a time line

3) Complete a journal during task

4) Sequence activities logically

5) Identify resources required

	
	Completion of tasks
	1) Persevere to complete task, even if problems arise

2) Modify plan if necessary

3) Seek assistance if required 

	
	Meeting commitments
	1) Attend class regularly

2) Arrive on time with the materials required 

3) Complete tasks on time

4) Use initiative to negotiate deadlines 

5) Use diary

	
	Co-operation in group activities
	1) Approach group work positively

2) Adopt a role (eg leader, recorder, supporter) and contribute to group activities

3) Participate actively in class discussions

	b) Work habits in practical situations    (laboratory & field)
	Safe work habits

(hands on situations)
	1) Use equipment carefully to avoid injury or breakage 

2) Show awareness of safe, economical use, and disposal of chemicals

3) Adhere to correct laboratory protocol (eg no food or drink, appropriate safety equipment, clothing and foot wear)

	
	Ethical work habits
	1) Use material in an ethical manner

2) Cause minimal environmental impact in the field and laboratory

3) Demonstrate socially responsible use and disposal of materials 

	
	 Organization of workspace/equipment
	1) Maintain a clean and organised work space

2) Clean up and pack up appropriately

	c) Practical skills


	Selection and correct use of equipment
	1) Select the appropriate apparatus /equipment

2) Use equipment competently and accurately

3) Follow instructions carefully

4) Collect data accurately

5) Collect an appropriate amount of data for the task

6) Measure to an appropriate degree of accuracy


Examples of suitable tasks for the assessment of Criterion 1:

• Practical work including laboratory practicals, field work and Science Fair activities 

• Any assignment can be assessed for organization and meeting deadlines

• Group work, eg debate, group practical investigation

• A cumulative rating for general organization and completion of activities each term can be given

• Student log/journal

• Self/peer assessed tasks

Criterion 2:  Develop, interpret and evaluate biological experiments

	Aspects
	Skills students demonstrate
	Evidences

(Examples of what students do)

	a) Observing
	Critical observation
	1) Make critical observations

2) Suggest meaningful questions relating to the observations



	b) Hypothesis/ concept/ research question formulation
	Formulation of a testable hypothesis/ concept
	1) Formulate hypothesis/ concept/ research question which is testable, explains the observation and includes one independent and one dependent variable

2) Offer a scientific explanation of the       hypothesis/ concept/ research question



	c) Experiment design
	Design of a controlled experiment
	1) Design an experiment to test given hypothesis / concept/ research question

2) Identify materials and equipment required

3) Explain the requirement for only one independent variable and the importance of controlling all other variables (= fixed variables)

4) Explain the need for a control for comparison

5) Explain the need for a large sample size and replications

6) Explain economic, ethical and environmental constraints on the method

7) Show creativity in designing a method 

8) Predict results to support the hypothesis



	d) Interpretation of results
	Drawing valid conclusions
	1) Observe the overall pattern/ trend in the results

2) Give a reasonable interpretation of the results, justified by the results

3) Assess results and discard outlying data with justification

4) Conclude whether the results support or negate the hypothesis/ concept (not prove)

5) Compare results with theoretical values



	e) Evaluation of experiment design
	Identification of limitations and suggestion of improvements
	1) Identify the strengths and weaknesses of an experimental design

2) Identify limitations and sources of error and suggest improvements to the method  (eg human error, accuracy of equipment, limitations of method)

3) Suggest further / alternative experiments to extend investigation


Examples of suitable tasks for the assessment of Criterion 2:

• Formulating hypothesis from given observations

• Designing experiment 

• Given a technique, (eg measuring rate of enzyme action, respiration, photosynthesis or transpiration) students design experiment to use it in testing the effect of a certain factor.

• Criticism of second hand experiment design 

• Evaluation of class experiment (ie limitations and sources of error/ recommended improvements)

Criterion 3:  Collect, process and communicate information 

	Aspects
	Skills students demonstrate
	Evidences

(Examples of what students do)

	a) Research/ Collection of second hand data/information
	Use of a wide variety of sources
	1) Research up to date information using different sources (eg internet, books, journals, interview)

2) Evaluate the validity of sources of information

	b) Processing data 
	Processing raw data
	1) Demonstrate that raw data needs to be processed (eg means, percentages)

2) Carry out calculations 

3) Carry out graphical analysis

4) Use technology to analyse data



	c) Communicating
	Selection of appropriate method of communication of information
	1) Use appropriate method of communication (eg slide show, written, oral, poster etc)

2) Identify and targets the level of understanding of the audience 



	
	Referencing of sources
	1) Construct a reference list/ bibliography using the correct format

2) Use “in text” referencing 



	
	Effective communication of information
	1)     Communicate concisely and clearly

2)     Use English language conventions

3) Sequence ideas logically

4) Avoid plagiarism 



	 
	Selection of appropriate method and effective communication of data
	1) Tabulate raw data in the correct scientific format

2) Use units and symbols correctly (eg equations / formulae)

3) Select the appropriate type of graph

4) Present graphs in the correct scientific format

5) Discard outlying data

6) Present data with appropriate degree of error

7) Observe correct format for diagrams


Examples of tasks suitable for the assessment of Criterion 3:

• Research assignment (collection and presentation of information)

· essay

· Power Point presentation

· poster

· talk

· concept map

· brochure

· game.

• Practical / Field Work report (Presenting raw data, processing data, presenting processed data)

• Diagrams (eg microscope diagrams, diagrams of apparatus)

• Science Fair activities

Criterion 4:  Demonstrate understanding of the application and impact of Biology in society

	Aspects
	Skills students demonstrate
	Evidences

(Examples of what students do)

	a) Science and technology relating to the application
	Application of knowledge to a real life use of science
	1) Demonstrate understanding of the scientific concepts behind the application

2) Identify and explain the benefits and detrimental effects of the technology



	b) Complexity of the impact of Science on society
	Appreciation of the complexity of issues which arise as the result of the application of science
	1) Present a scientific and rational discussion of different viewpoints

2) Describe the different ways in which a technology may impact on society (ethically, politically, socially, culturally, environmentally and economically) and understand the tensions between them



	c) Drawing conclusions about issues
	Ability to form a reasoned conclusion
	1) Critically evaluate the different viewpoints

2) Draw a reasoned conclusion supported by relevant scientific evidence




Examples of tasks suitable for the assessment of Criterion 4:

• Research assignment which could be presented as:


- essay/research report


- debate


- slide show/ oral presentation


- role play/ dance


- survey 


- forum


- poster


- report on field trip or guest speaker


- photographic essay.


• Evaluation of article/news story

• Evaluation of work of scientists

Resources and references

There are no prescribed texts for this course. The following are possible resources for teachers and students:

Biology – An Australian Perspective ISBN: 0195517237

Nelson Biology VCE Units 1, 2, 3 and 4  ISBN: 0170121097

Human Biology Laboratory Manual 11  ISBN: 0949820237

Human Biology Laboratory Manual 12  ISBN: 0949820245
Jacaranda Nature of Biology Books 1 and 2  ISBN 0731402367, 0731402391

Jacaranda Nature of Biology Activity Manuals 1 and 2  ISBN 0731402375, 071402405

Advanced Biology (Roberts, Reiss and Monger) ISBN 0174387326

Advanced Biology Practical Manual ISBN 0174483082

Oxford Biology Study Dictionary ISBN: 0195506847

The Australian Biology Dictionary (Heffernan and Miller) ISBN 0582808936

Examples of assessment methodologies

Assessment is criterion based and may be formative as well as summative. It may include activities such as:

• laboratory practicals

• field work

• research tasks

• other assignments

• tests/examinations.
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