OVERALL INTRODUCTION TO LIFE SCIENCES GRADES 10-12

FEBRUARY 2007

This document or knowledge framework describes the content and the contexts for the teaching of Life Sciences in the Further Education Phase (FET) (Grades 10 to 12).  It is written from the view that science is a process – a way of knowing; and a way of interpreting natural phenomena involving living organisms. It encourages asking “what”, “how” and “why” questions when observing living organisms and moving from intuitive understandings to counter-intuitive.  Current theory and practice in both education and in the Life Sciences as well as the ten outcomes below have informed its structure.

At the end of Grade 12, learners should have:

1. Developed their knowledge of core biological concepts, processes, systems and theories.

2. Devised and evaluated investigations in biological processes and systems, following the principles of scientific investigations.

3. Demonstrated knowledge of the nature of science, its benefits and its limitations.

4. Demonstrated an ability to critically evaluate and debate investigations, practices, issues and popular articles in terms of their scientific validity and credibility.

5. Identified ways in which biotechnology and biological knowledge have benefited humans.

6. Identified ways in which humans have impacted negatively on living organisms.

7. Developed a deep appreciation of the unique diversity of biomes in southern Africa, both past and present, and the importance of conserving these biomes.

8. Develop an awareness of the contributions that South African scientists have made to biological understanding.

9. Developed a level of academic and scientific literacy that enables learners to read, talk about, write about, and construct diagrams that illustrate biological processes, concepts and investigations.

10. Developed an awareness of what it means to be responsible citizens in terms of their own bodies and using the environment responsibly. 

Life can be described as the result of interactions between the chemical substances that make up an organism.  Life Sciences is the study of life at various levels of organization.   In ascending order of size and complexity the levels of organization used in this document as a framing device are:

atoms ->  molecules ->  organelles ->  cells  ->  tissues ->  organs and organ systems ->  organisms ->  populations ->  communities ->  ecosystems ->  biomes ->  the biosphere

Atoms will not be dealt with in this course because not all learners taking Life Sciences will have knowledge of Physical Science beyond the General Education and Training (GET) level.

A holistic view of Life Sciences is a guiding principle for this knowledge framework. This view is that the diversity of life comprises cells and whole organisms which interact with each other and with the environment in which they live. All life forms share features such as being composed of cells, and possessing heritable material encoded in DNA.   Evolution accounts for life’s unity and diversity, and operates through natural selection. As a result of natural selection, some individuals survive and reproduce, while others die or fail to reproduce. (Figure 1). Homeostasis maintains a relatively steady state of factors internal to the cell, organism or ecosystem.
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Fig. 1. An overview of the halistic nature of Life Sciences




                                                                                                                          

Four knowledge areas, each of which is an identifiable concept or group of ideas, are used as organizers of the Life Sciences knowledge to be constructed.  Each knowledge area is developed across all three years of FET. These knowledge areas are:  

· life at the molecular, cellular and tissue level

· life processes in plants and animals

· environmental studies 

· diversity, change and continuity.  

A number of topics comprise each knowledge area.  Neither the knowledge areas nor the topics should be treated separately or independently.  When teaching this Life Sciences framework it is very important to emphasize the links that students need to make with related topics to help them to achieve a deep understanding of the nature and connectedness of life.  

This knowledge framework focuses on ideas, skills, concepts and connections between them, rather than on listing the facts and procedures that need to be learned. It also does not prescribe particular instructional strategies. Instead educators have the freedom to expand concepts and to design and organize learning experiences according to their local circumstances. All four knowledge  areas must, however, be addressed in each year of study.
A section called Introduction to Life Sciences, precedes the four knowledge areas in Grade 10.  This section is intended to connect what students learned in the GET (Natural Sciences) with what they are to learn in the FET (Life Sciences). The Life Sciences subject builds on knowledge and skills acquired from the “Life and Living” and “Planet Earth and Beyond” knowledge strands in Natural Sciences. The second part of the Introduction describes how knowledge is built in Science, and introduces the scientific approach that both educators and students are required to use when teaching and learning Life Sciences.  

The recommended sequence chosen for the teaching of the four knowledge areas in this document for Grade 10 is:

1.  Biosphere to ecosystems (Environmental studies)

2.  History of life and biodiversity (Diversity, change and continuity)

3.  Molecules to organs (Life at the molecular, cellular and tissue level)

4.  Life processes that sustain life (Life processes in plants and animals)  

The rationale for this order is that some areas of South Africa are best suited for environmental study in spring and summer and secondly, because seasonal comparisons in a chosen ecosystem are required where possible. Depending on local circumstances, knowledge areas 1 and 2 are interchangeable in Grade 10, but it is important to retain the sequence of knowledge area 3 before knowledge area 4.

In Grades 11 and 12 the four knowledge areas have been sequenced to allow for conceptual progression within and between the four knowledge areas and between the years.
Grade 11:

1. Life processes related to homeostasis (Life processes in plants and animals) 

2. viruses, bacteria, protists and fungi (Life at the molecular, cellular 

    and tissue level)

3.   Diversity of animals and plants & biogeography (Diversity, change and continuity)

4.   Human influences on the environment (Environmental Studies)

Grade 12:

1.  Population and community ecology (Environmental Studies)

2.  Responding to the environment and reproduction (Life process in plants and animals)

3.  Genetics (Life at the molecular, cellular and tissue level)

4.  Evolution (Diversity, change and continuity)

The Learning Outcomes (LOs) described in the original NCS Grade 10 to 12 Life Sciences documents have been modified.   They are:

 
LO 1:   Investigating phenomena in the Life Sciences 

LO 2:   Constructing Life Sciences knowledge
LO 3:   Applying Life Sciences in society            

Here, LO 2 forms the content framework that is investigated in LO 1 and applied/linked to society in a variety of ways in LO 3.  

LO1:   Investigating phenomena in the Life Sciences

Life Sciences focuses on exploring and investigating phenomena in the Life Sciences using inquiry, problem-solving and critical thinking skills. These include diverse ways of collecting data, analyzing data, reporting results and drawing valid inferences and conclusions from the data collected. Life Sciences investigate living systems through a range of different techniques, and learners will acquire investigative skills relevant to each knowledge area.

The inquiry components (LO 1) of this knowledge framework are written recognizing, but not sanctioning, that schools are differentially resourced especially with regard to laboratory equipment. Certain basic laboratory equipment is required.
LO2:   Constructing Life Sciences knowledge

The learner is able to demonstrate construction, acquisition, understanding and application of Life Sciences facts and concepts to explain phenomena relevant to Life Sciences

LO3:   Applying Life Sciences in society      

The learner shows understanding of: the history of some scientific discoveries,

the nature of science, how indigenous knowledge relates to living systems, applications of Life Sciences in industry, career opportunities in Life Sciences, and how Life Sciences is applied in every day life. 

Suggestions for assessment: 

In this document, a number of LO1,LO2 and LO3 activities have been included, and educators should attempt to cover a comprehensive selection of these. 
Suggested references for reading about South African natural history:

Branch, M. & G. 1981. The Living Shores of Southern Africa. Cape Town: Struik Publishers.

Dempster, E.R. 2006. Crossing Over: The Basics of Evolution. Cape Town: HSRC. (Also available on the HSRC website).

Estes, R. D. (1997)  The Behaviour Guide to African Mammals: Including Hoofed Mammals, Carnivores, Primates.  Russel Freidman Books, Halfway House Johannesburg. 

Knobel, J. 1999. The Magnificent Natural Heritage of South Africa. Cape Town: Sunbird Publishing.

Lovegrove, B. 1993. The Living Deserts of Southern Africa. Cape Town: Fernwood Press. 

Macrae, C. 1999. Life Etched in Stone:  Fossils of South Africa. Johannesburg: Geological Society of South Africa.
McCarthy, T. & Rubidge, B. 2005. The Story of Earth & Life. Cape Town: Struik Publishers. 

van Wyk, B-E & Gericke, N. 2000. People’s Plants: A Guide to Useful Plants of Southern Africa. Pretoria: Briza Publications.

Van Wyk, A.E. & Smith, G.F. 2001. Regions of floristic endemism in Southern Africa. Pretoria: Umdaus Press. 

Skinner & Chimimba. 2006. The Mammals of the Southern African subregion.

Roberts Birds of Southern Africa 

Field guides for plants and animals of particular regions. NB Struik guides

Other:

David Attenborough’s series “Life on Earth” (video series and accompanying books) for diversity of life

Sharenet  references

BBC documentaries: e.g. Earth Story (produced by Simon Lamb) which emphasizes South Africa, the Barberton greenstone belts with respect to origin of  life and Karoo fossils. 

National Geographic productions (both video and periodicals): e.g. Life in the Womb. 

Human Origins / Genome project – Spencer Wells – on www National Geographic site.
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