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News
Utah: 9-Nov-2006 14:00 Eastern US Time, EurekAlert

Food for thought

Early humans changed their diet with the seasons, 1.8 million years ago. They ate leaves and fruit when they were available, seeds, roots and tubers – and perhaps grazing animals.

University of Utah scientists have worked this out by studying four fossilised teeth: “By analysing tooth enamel, we found that they ate lots of different things, and what they ate changed during the year,” says University of Utah geology doctoral student, Ben Passey. “The new method showed that their diets were extremely variable.”

This latest research suggests that these early men, women and children were migrating with the seasons, moving from forests to open savannah. The work will be published in the Nov. 10 issue of the journal Science.

Co-author Thure Cerling, a professor of geology and biology, says the study of the extinct species known as Paranthropus robustus is important. It “shows that the variability in human diet has been 'in the family' for a very long time.” It is this variability that lets modern humans eat foods from all over the world. 

Using a laser the researchers obtained tiny samples from four 1.8-million-year-old Paranthropus teeth. They tested these to measure the amounts in them of two different forms – isotopes – of carbon. This is why:

Plants and trees on Earth come in two different types, C3 and C4. Most plants on earth, including fruit and leaves from trees, are C3. C4 plants grow only on tropical savannah. 

The two types of plant differ in the proportion of carbon isotopes they take in from the atmosphere during photosynthesis. As a result so do the bodies of the animals or humans that eat them. This can be measured in the teeth, even 2 millions years later, and can tell the scientists if the teeth’s owners had been eating food from savannah or forest. 

Laser dentistry on prehistoric teeth
The researchers analysed four fossil teeth of Paranthropus borrowed from a museum. Passey used a laser to remove and vaporise tiny samples of enamel. These were then analysed in a mass spectrometer.

The old way to sample tooth enamel was, with a dental drill made of diamond, to “grind away at the tooth, collect the powder and then analyse that,” Passey says. Scientists have been using lasers to remove and analyse tooth enamel for about ten years. They have taken samples from prehistoric horses, rhinos and elephants to learn about their diets.

But until now the lasers were too crude to use on the smaller teeth of early humans. This was true even for Paranthropus, who had large teeth and a strong, heavy jaw.

But Passey improved the method to handle human-sized teeth. “If you tried the previous method on a human tooth, you would blast a hole clear through the enamel.” Museum curators wouldn't like that, he added with a smile. 

The laser was used to remove samples at various points along the length of the tooth. This is marked by tiny ridges produced when teeth are growing. 

Each sampling vaporised enamel that had formed over several months. So it could tell the scientists what Paranthropus had been eating during that period. By taking several samples off the length of each tooth, the researchers built up a picture of several years’ eating.

Your teeth are what you eat
This revealed that these early human relatives had diets that varied in the proportion of C3 and C4 plants. They varied with the seasons and they varied from year to year. 

The year-to-year variation might have been due to yearly differences in what food was available, the study's authors write. “Another possible explanation is that these individuals were migrating between more wooded habitats and more open savannahs.”

Cerling says the study “shows that our early human relatives were able to eat a varied diet and therefore were more adaptable in savannah environments than other primates which had a more restricted diet.”

Paranthropus has often been seen as a specialist who lacked a varied diet. That is why Paranthropus went extinct, it was thought, as Africa became drier, while tool-wielding Homo – with a highly varied diet – survived.

The new study casts doubt on that theory. It shows that Paranthropus, like Homo, also ate a variety of foods. “Thus other biological, social or cultural differences may be needed to explain the different fates of Homo and Paranthropus,” the scientists conclude.

700 words

Flesch reading ease: 57.7

Flesch-Kincaid Grade level: 9.3

Word bank
Pupils will not know some of the words used in the text. Meanings are given below, followed by a table mixed randomly – to provide an exercise in matching words and meanings. 

By tackling this and the exercises that follow – which are collectively known as directed activities related to texts (DARTs) – pupils can engage with a piece of writing, and learn a great deal from it, even when many of the ideas and even words are unfamiliar to them.


Word
Meaning

1
ablation
wearing away of a surface

2
adaptable
able to change to suit a new situation

3
analysing
studying the parts something is made of, and how they work together

4
ancestor
someone of the same family who lived in the past

5
available
ready and able to be used

6
biological
through the action of living things

7
carnivores
animals that live on meat

8
co-author
person who has written something along with someone else

9
convert
change

10
cultural
to do with customs and traditions

11
cylinder
object with straight sides and circular ends; like a Smartie tube

12
diet
the kind of foods usually eaten

13
edible
can be eaten

14
enamel
hard shiny surface of teeth

15
environment
all the factors, such as soil, climate, other lifeforms, that affect a living thing or community

16
extinct
vanished as a species

17
fossilised
turned into a form that can be preserved for a very long time in the Earth

18
genus
group of similar animals or plants; may include several species

19
hominids
member of the family of primates that includes humans and their recent ancestors

20
isotope
different form of the same element; isotopes have the same number of protons but different numbers of neutrons

21
juvenile
not yet an adult

22
laser
device that gives out a strong, narrow beam of light or other radiation

23
mass spectrometer
an instrument for measuring the amounts of different elements or isotopes in a sample

24
migrating
moving from one area to another, often with the seasons

25
photosynthesis
process that green plants use to trap energy from the Sun. This energy drives chemical reactions that make simple sugar, the basic food for plants and animals. 

26
primates
humans, apes, monkeys 

27
proportion
the correct relation in size between two things

28
radiation
particles or waves carrying energy

29
ratio
amount of one thing compared to another; fraction

30
relatively
compared to the average

31
restricted
kept within usually narrow limits

32
savannah
grassy plain with few trees in tropical regions

33
scavengers
animals or birds that eat dead flesh

34
seasonal
of the seasons

35
signal
message

36
social
to do with how they live with others

37
specialist
expert in one subject

38
species
group of individuals that are alike and can breed together to produce fertile offspring

39
tuber
round-shaped root from which new plants grow; often edible

40
vaporise
turn into a gas

41
variability
change

42
variable
changeable, likely to vary

Activity 1

Mixed-up meanings

Pupils should try to fill in the blanks in the final column with the words that match the meanings. The words needed are listed, but not necessarily in the right order, in the first column.

This exercise should not be tackled in isolation, but by a reader with access to the story itself: The contexts in which words are used provide powerful clues to their meanings. 


Word
Meaning
Word should be

1
ablation
compared to the average


2
adaptable
group of individuals that are alike and can breed together to produce fertile offspring


3
analysing
object with straight sides and circular ends; like a Smartie tube


4
ancestor
the kind of foods usually eaten


5
available
someone of the same family who lived in the past


6
biological
different form of the same element; isotopes have the same number of protons but different numbers of neutrons


7
carnivores
through the action of living things


8
co-author
changeable, likely to vary


9
convert
change


10
cultural
not yet an adult


11
cylinder
person who has written something along with someone else


12
diet
studying the parts something is made of, and how they work together


13
edible
member of the family of primates that includes humans and their recent ancestors


14
enamel
hard shiny surface of teeth


15
environment
the correct relation in size between two things


16
extinct
can be eaten


17
fossilised
able to change to suit a new situation


18
genus
device that gives out a strong, narrow beam of light or other radiation


19
hominids
ready and able to be used


20
isotope
an instrument for measuring the amounts of different elements or isotopes in a sample


21
juvenile
process that green plants use to trap energy from the Sun. This energy drives chemical reactions that make simple sugar, the basic food for plants and animals. 


22
laser
animals or birds that eat dead flesh


23
mass spectrometer
expert in one subject


24
migrating
vanished as a species


25
photosynthesis
turned into a form that can be preserved for a very long time in the Earth


26
primates
change


27
proportion
humans, apes, monkeys 


28
radiation
grassy plain with few trees in tropical regions


29
ratio
amount of one thing compared to another; fraction


30
relatively
of the seasons


31
restricted
all the factors, such as soil, climate, other lifeforms, that affect a living thing or community


32
savannah
round-shaped root from which new plants grow; often edible


33
scavengers
group of similar animals or plants; may include several species


34
seasonal
wearing away of a surface


35
signal
message


36
social
to do with customs and traditions


37
specialist
turn into a gas


38
species
particles or waves carrying energy


39
tuber
kept within usually narrow limits


40
vaporise
animals that live on meat


41
variability
to do with how they live with others


42
variable
moving from one area to another, often with the seasons


Activity 2

Comprehension 

1. How long ago did these early humans live?

2. What part of the body did the scientists study?

3. Which part of these did they study most closely?

4. What would be the opposite of “variability in their diets”?

5. Can you explain what “migrating with the seasons” means?

6. Can you think of anything alive today that migrates with the seasons?

7. What is the name of the species these scientists studied?

8. What did they use to get tiny samples from the teeth?

9.  What did they test the samples for?

10. The atmosphere contains carbon dioxide, which all green plants use in photosynthesis. The carbon in this carbon dioxide is in two different forms. What is the scientific name for these?

11. C3 and C4 plants both absorb carbon dioxide from the air. But what do they do differently?

12. Why do you think teeth were used, rather than muscles or some other parts of the body?

13. What instrument did the scientists use to find the fraction of each type of carbon in the samples?

14. What improvement did these scientists make in the techniques they used?

15. What was the reason for taking samples from different parts of one tooth?

16. What was the main finding about Paranthropus and C3 and C4 plants?

17. What suggestion (hypothesis) did the scientists put forward to explain this finding?

18. Paranthropus went extinct. What does that mean?

19. What reason had been suggested, before this study, for that extinction?

20. What do these new findings mean for that explanation?

21. If you were these scientists what further questions would you have about all this?

22. Can you suggest any more work that might help answer these questions?

Activity 3

Find the missing word

Pupils should try to fill in the blanks using clues from the rest of the sentence. When in doubt, the length of each blank indicates the length of the missing word. A complete list of words that belong in the blanks is provided at the end of the passage.

Food for thought 

Early humans changed their diet with the seasons, 1.8 _______ years ago. They ate leaves and fruit when they ____ available, seeds, roots and tubers - and perhaps grazing _______.

University of Utah scientists have worked this out by ________ four fossilised teeth: “By analysing tooth enamel, we found ____ they ate lots of different things, and what they ___ changed during the year,” says University of Utah geology ________ student, Ben Passey. “The new method showed that their _____ were extremely variable.”

This latest research suggests that these early ___, women and children were migrating with the seasons, ______ from forests to open savannah. The work will be _________ in the Nov. 10 issue of the journal Science.

Co-author _____ Cerling, a professor of geology and biology at Utah, says the _____ of the extinct species known as Paranthropus robustus is _________. It “shows that the variability in human diet ___ been 'in the family' for a very long time.” __ is this variability that lets modern humans eat foods ____ all over the world. 

Using a laser the researchers ________ tiny samples from four 1.8-million-year-old Paranthropus teeth. They tested _____ to measure the amounts in them of two different _____ - isotopes - of carbon. This is why:

Plants and _____ on Earth come in two different types, C3 and __. Most plants on earth, including fruit and leaves ____ trees, are C3. C4 plants grow only on tropical ________. 

The two types of plant differ in the __________  of carbon isotopes they take in from the atmosphere ______ photosynthesis. As a result so do the bodies of ___ animals or humans that eat them. This can be ________ in the teeth, even 2 millions years later, and ___ tell the scientists if the teeth's owners had been ______ food from savannah or forest. 

Laser dentistry on prehistoric ______

The researchers analysed four fossil teeth of Paranthropus borrowed ____ a museum. Passey used a laser to remove and ________ tiny samples of enamel. These were then analysed in _ mass spectrometer.

The old way to sample tooth enamel was, ____ a dental drill made of diamond, to “grind away __ the tooth, collect the powder and then analyse that,” ______ says. Scientists have been using lasers to remove and _______ tooth enamel for about ten years. They have taken _______ from prehistoric horses, rhinos and elephants to learn about _____ diets.

But until now the lasers were too crude to ___ on the smaller teeth of early humans. This was ____ even for Paranthropus, who had large teeth and a ______, heavy jaw.

But Passey improved the method to handle ___________ teeth. “If you tried the previous method on a _____ tooth, you would blast a hole clear through the ______.” Museum curators wouldn't like that, he added with _ smile. 

The laser was used to remove samples at _______ points along the length of the tooth. This is ______ by tiny ridges produced when teeth are growing. 

Each ________ vaporised enamel that had formed over several months. So __ could tell the scientists what Paranthropus had been eating ______ that period. By taking several samples off the length __ each tooth, the researchers built up a picture of _______ years' eating.

Your teeth are what you eat

This revealed that _____ early human relatives had diets that varied in the __________ of C3 and C4 plants. They varied with the _______ and they varied from year to year. 

The year-to-year _________ might have been due to yearly differences in what ____ was available, the study's authors write. “Another possible explanation __ that these individuals were migrating between more wooded habitats ___ more open savannahs.”

Cerling says the study “shows that our _____ human relatives were able to eat a varied diet ___ therefore were more adaptable in savannah environments than other ________ which had a more restricted diet.”

Paranthropus has often been ____ as a specialist who lacked a varied diet. That is why Paranthropus went extinct, it was thought, as ______ became drier, while tool-wielding Homo - with a highly ______ diet - survived.

The new study casts doubt on that ______. It shows that Paranthropus, like Homo, also ate _ variety of foods. “Thus other biological, social or cultural ___________ may be needed to explain the different fates of ____ and Paranthropus,” the scientists conclude.

These are all the words that belong in the blanks:
a, a, a, Africa, analyse, and, and, animals, at, ate, C4, can, diets, differences, doctoral, during, during, early, eating, enamel, food, forms, from, from, from, has, Homo, human, human-sized, important, is, It, it, marked, measured, men, million, moving, obtained, of, Passey, primates, proportion, proportion, published, samples, sampling, Savannah, seasons, seen, several, strong, study, studying, teeth, that, the, their, theory, these, these, Thure, trees, use, vaporise, variation, varied, various, were, with, true

Answer Key:
Food for thought

Early humans changed their diet with the seasons, 1.8 million years ago. They ate leaves and fruit when they were available, seeds, roots and tubers - and perhaps grazing animals.

University of Utah scientists have worked this out by studying four fossilised teeth: “By analysing tooth enamel, we found that they ate lots of different things, and what they ate changed during the year,” says University of Utah geology doctoral student, Ben Passey. “The new method showed that their diets were extremely variable.”

This latest research suggests that these early men, women and children were migrating with the seasons, moving from forests to open savannah. The work will be published in the Nov. 10 issue of the journal Science.

Co-author Thure Cerling, a professor of geology and biology, says the study of the extinct species known as Paranthropus robustus is important. It “shows that the variability in human diet has been 'in the family' for a very long time.” It is this variability that lets modern humans eat foods from all over the world. 

Using a laser the researchers obtained tiny samples from four 1.8-million-year-old Paranthropus teeth. They tested these to measure the amounts in them of two different forms - isotopes - of carbon. This is why:

Plants and trees on Earth come in two different types, C3 and C4. Most plants on earth, including fruit and leaves from trees, are C3. C4 plants grow only on tropical savannah. 

The two types of plant differ in the proportion of carbon isotopes they take in from the atmosphere during photosynthesis. As a result so do the bodies of the animals or humans that eat them. This can be measured in the teeth, even 2 millions years later, and can tell the scientists if the teeth's owners had been eating food from savannah or forest. 

Laser dentistry on prehistoric teeth
The researchers analysed four fossil teeth of Paranthropus borrowed from a museum. Passey used a laser to remove and vaporise tiny samples of enamel. These were then analysed in a mass spectrometer.

The old way to sample tooth enamel was, with a dental drill made of diamond, to “grind away at the tooth, collect the powder and then analyse that,” Passey says. Scientists have been using lasers to remove and analyse tooth enamel for about ten years. They have taken samples from prehistoric horses, rhinos and elephants to learn about their diets.

But until now the lasers were too crude to use on the smaller teeth of early humans. This was true even for Paranthropus, who had large teeth and a strong, heavy jaw.

But Passey improved the method to handle human-sized teeth. “If you tried the previous method on a human tooth, you would blast a hole clear through the enamel.” Museum curators wouldn't like that, he added with a smile. 

The laser was used to remove samples at various points along the length of the tooth. This is marked by tiny ridges produced when teeth are growing. 

Each sampling vaporised enamel that had formed over several months. So it could tell the scientists what Paranthropus had been eating during that period. By taking several samples off the length of each tooth, the researchers built up a picture of several years' eating.

Your teeth are what you eat

This revealed that these early human relatives had diets that varied in the proportion of C3 and C4 plants. They varied with the seasons and they varied from year to year. 

The year-to-year variation might have been due to yearly differences in what food was available, the study's authors write. “Another possible explanation is that these individuals were migrating between more wooded habitats and more open savannahs.”

Cerling says the study “shows that our early human relatives were able to eat a varied diet and therefore were more adaptable in savannah environments than other primates which had a more restricted diet.”

Paranthropus has often been seen as a specialist who lacked a varied diet. That is why Paranthropus went extinct, it was thought, as Africa became drier, while tool-wielding Homo - with a highly varied diet - survived.

The new study casts doubt on that theory. It shows that Paranthropus, like Homo, also ate a variety of foods. “Thus other biological, social or cultural differences may be needed to explain the different fates of Homo and Paranthropus,” the scientists conclude.

Activity 4

What kind of statement?
Students should read the news story on page 1 about the latest scientific research, and highlight phrases or sentences according to the following key (or any other way of indicating the different types of statement that can be done with the resources in their pockets or in your classroom):

Existing knowledge

Aims of the research

Technology and methods

New findings 

Hypothesis

Prediction

Evidence
Issues and applications

Normally no more than one phrase or sentence should be highlighted in each paragraph, unless the reader decides that a particular paragraph contains several really important ideas. 

Usually the decision will not be too difficult. But choosing between, say, hypotheses and new findings can sometimes be tricky. There isn’t always an obviously right or wrong answer, even to the scientists themselves. 

Pupils should be encouraged not to agonise too long over their choice of statement type, but to be prepared to give reasons for their decisions. 

Note: A hypothesis is a “tentative explanation that leads to predictions that can be tested by experiment or observation”.
Answer Key: (This is an illustrative set of choices. There are many others.)
Food for thought 

Early humans changed their diet with the seasons, 1.8 million years ago. They ate leaves and fruit when they were available, seeds, roots and tubers – and perhaps grazing animals.

University of Utah scientists have worked this out by studying four fossilised teeth: “By analysing tooth enamel, we found that they ate lots of different things, and what they ate changed during the year,” says University of Utah geology doctoral student, Ben Passey. “The new method showed that their diets were extremely variable.”

This latest research suggests that these early men, women and children were migrating with the seasons, moving from forests to open savannah. The work will be published in the Nov. 10 issue of the journal Science.

Co-author Thure Cerling, a professor of geology and biology, says the study of the extinct species known as Paranthropus robustus is important. It “shows that the variability in human diet has been 'in the family' for a very long time.” It is this variability that lets modern humans eat foods from all over the world. 

Using a laser the researchers obtained tiny samples from four 1.8-million-year-old Paranthropus teeth. They tested these to measure the amounts in them of two different forms – isotopes – of carbon. This is why:

Plants and trees on Earth come in two different types, C3 and C4. Most plants on earth, including fruit and leaves from trees, are C3. C4 plants grow only on tropical savannah. 

The two types of plant differ in the proportion of carbon isotopes they take in from the atmosphere during photosynthesis. As a result so do the bodies of the animals or humans that eat them. This can be measured in the teeth, even 2 millions years later, and can tell the scientists if the teeth’s owners had been eating food from savannah or forest. 

Laser dentistry on prehistoric teeth
The researchers analysed four fossil teeth of Paranthropus borrowed from a museum. Passey used a laser to remove and vaporise tiny samples of enamel. These were then analysed in a mass spectrometer.

The old way to sample tooth enamel was, with a dental drill made of diamond, to “grind away at the tooth, collect the powder and then analyse that,” Passey says. Scientists have been using lasers to remove and analyse tooth enamel for about ten years. They have taken samples from prehistoric horses, rhinos and elephants to learn about their diets.

But until now the lasers were too crude to use on the smaller teeth of early humans. This was true even for Paranthropus, who had large teeth and a strong, heavy jaw.

But Passey improved the method to handle human-sized teeth. “If you tried the previous method on a human tooth, you would blast a hole clear through the enamel.” Museum curators wouldn't like that, he added with a smile. 

The laser was used to remove samples at various points along the length of the tooth. This is marked by tiny ridges produced when teeth are growing. 

Each sampling vaporised enamel that had formed over several months. So it could tell the scientists what Paranthropus had been eating during that period. By taking several samples off the length of each tooth, the researchers built up a picture of several years’ eating.

Your teeth are what you eat
This revealed that these early human relatives had diets that varied in the proportion of C3 and C4 plants. They varied with the seasons and they varied from year to year. 
The year-to-year variation might have been due to yearly differences in what food was available, the study's authors write. “Another possible explanation is that these individuals were migrating between more wooded habitats and more open savannahs.”

Cerling says the study “shows that our early human relatives were able to eat a varied diet and therefore were more adaptable in savannah environments than other primates which had a more restricted diet.”

Paranthropus has often been seen as a specialist who lacked a varied diet. That is why Paranthropus went extinct, it was thought, as Africa became drier, while tool-wielding Homo – with a highly varied diet – survived.

The new study casts doubt on that theory. It shows that Paranthropus, like Homo, also ate a variety of foods. “Thus other biological, social or cultural differences may be needed to explain the different fates of Homo and Paranthropus,” the scientists conclude.

Activity 5
Topics for group discussions, research and pupil presentations

The science behind this story is pretty complex. So it is not really suitable for independent pupil investigation.

The key scientific ideas it contains are:

· human origins in general and Paranthropus robustus in particular 

· photosynthesis and the difference between C3 and C4 plants

· mass spectrometry

· isotopes and elements

· use of isotope abundances to learn about the past in general and diet in particular 

Links are provided below to shed light on all of these – and provide pupil activities, animations and lesson plans for some.

Because of the complexity of the science, a brief summary of its logic is provided below. This can itself be used as the basis of a group activity as described afterwards:

1
The science goes like this:

2
One of the most important gases in the atmosphere is carbon dioxide.

3
Green plants absorb carbon dioxide from the atmosphere and release oxygen.

4
This is called photosynthesis.

5
It is the source of all food on Earth and of the oxygen we breathe.

6
The carbon in carbon dioxide occurs in two slightly different forms: carbon-12 and carbon-13.

7
These are called isotopes of carbon.

8
The carbon-13 isotope makes up 1% of the carbon in the atmosphere.

9
The other 99% of carbon in the atmosphere is carbon-12. 

10
So you might expect the carbon in plants and trees to have these same proportions.

11
But photosynthesis is a complex and inefficient process.

12
It slightly prefers the lighter carbon-12.

13
So the carbon trapped in plants and trees has a greater fraction of carbon-12 than the atmosphere.

14
And a lower fraction of carbon-13

15
Now it gets slightly more complicated:

16
Normal photosynthesis is even more inefficient in hot, dry conditions. 

17
So a slightly different form of photosynthesis appeared in some tropical plants around 65 million years ago.

18
Tropical grasses, sugar-cane and maize (often called corn) use this newer method of photosynthesis. 

19
These are called C4 plants. 

20
The vast majority of green plants and trees continue to use the old method. 

21
These are called C3 plants.

22
C4 plants prefer carbon-12 to carbon-13, just as C3 plants do.

23
But they don’t prefer it quite as strongly.

24
So C4 plants end up with a slightly greater fraction of carbon-13 than C3 plants.

25
This means that the carbon trapped in tropical grass (a C4 plant) on the savannah, has a greater fraction of carbon-13 than does the carbon trapped in the forest trees (C3 plants). 

26
The last steps come from noticing that the carbon in plants that are eaten goes to build bodies. 

27
So the carbon isotope proportions of hair, nails, teeth and bones reflect the carbon isotope proportions of the plants that have been eaten.

28
They still reflect those fractions after the animal or human are long dead. 

29
So a scientist sitting in a lab in Utah can tell what an early human was eating by studying pieces of his 2 million-year-old tooth.

30
The scientist can even tell what the early human was eating at different times of the year by studying different parts of the tooth.

31
Notice that whether the early human was eating tropical grass or animals grazing on that grass, the carbon isotope proportions will show that he or she had a C4 diet.

32
Note: This whole method works because both carbon-12 and carbon-13 are stable isotopes. 

33
This means they are not radioactive and so don’t change as time passes. 

34
Carbon-14, which is used in carbon dating, is not stable – it is radioactive and does change with time. 

35
But neither carbon-14 nor radiocarbon dating has anything to do with the science of this story.

Group activity:

a) Form pupil groups of four or five.

b) Give each pupil seven, eight or nine of the above statements, randomly chosen, so that each group has a full set.

c) Ask each group working together to try to organise all the statements into a logical order.

This is quite a challenging activity. Useful strategies include: Noting that the words in italics are not used before they have been defined; and gathering related statements and trying to order them, as judged by words and content, before trying to pull together the whole structure.

Daily tips for running science class discussions and groupwork

“Co-operative learning is an instructional method in which students work in small groups to accomplish a common learning goal under the guidance of a teacher. The method is characterized by the following features, which are distinct from other forms of group work:

· Learners positively depend on each other in a team to achieve a mutual learning goal. 

· Learners engage in face-to-face interactions. 

· Learners are assessed individually and held accountable for equally sharing and contributing to the mastery of learning goals. 

· Learners use and develop appropriate collaborative and interpersonal skills to teach and encourage each other to learn. 

· Learners reflect and assess the effectiveness of group functioning for future learning (Johnson and Johnson 1999; Kagan 1994).

Co-operative learning processes lessen individual competitiveness and foster co-operative small problem-solving group behaviour (Cooper 1990; Johnson, Johnson, and Holubec 1998; Joyce, Showers, and Rolheiser-Bennett 1987; Marzano, Gaddy, and Dean 2000; Millis 1995; Slavin 1991; Stahl and VanSickle 1992). By having learners treat each other as resources and requiring learners to go beyond only superficial engagement with learning materials, co-operative learning provides the social context for students to actively learn and make deeper connections among facts, concepts, and ideas.”

Taken from ‘Co-operative Learning in the Science Classroom’ by Emily Lin, (Jul 2006). The Science Teacher.

Links to free activities, lesson plans, background information

1. www.mnh.si.edu/anthro/humanorigins/ha/a_tree.html Definitive human family tree, showing knowledge and uncertainties. Smithsonian Institution.

2. www.evoled.org/lessons/human.htm#skull “A classic lesson on human evolution is the skull comparison, in which students compare the skull characteristics of contemporary humans and apes (such as chimps or gorillas), with fossil hominids.” 
3. www.pbs.org/wgbh/evolution/educators/lessons/lesson5/index.html Two activities and teacher’s notes on how humans evolved: Fossil finding and A tree full of ancestors
4. www.evoled.org/lessons/human.htm#austral Readable background on human ancestors, including Paranthropus. University of Montana.

5. www.anth.ucsb.edu/projects/human Spectacular skulls. University of California.

6. http://en.wikipedia.org/wiki/Paranthropus Background on Paranthropus. Wikipedia.

7. www.humboldt.edu/~mrc1/ Simple outline of human evolution, including Paranthropus. With skull photographs. Humboldt State University.

8. www.becominghuman.org/documentary Becoming Human interactive documentary. Needs Flash and high-speed connection (it says, although it seems to work fine on dial-up).

9. www.science.smith.edu/departments/Biology/Bio231/calvin.html Calvin cycle animation. This is C3 photosynthesis.

10. www.johnkyrk.com/photosynthesis.html Animation of photosynthesis. Big words, big molecules but nice moving coloured images.

11. http://webphysics.davidson.edu/course_material/py230l_wc/demo/illustration27_3.html Mass spectrometer animation. Not sophisticated but good science.

12. www.chem.agilent.com/Scripts/Generic.ASP?lPage=10184&indcol=N&prodcol=Y Slick mass spectrometer video. Can be downloaded and run using real player or windows media player.

13. http://archaeology.about.com/b/a/257764.htm?terms=stable+isotope Stable isotope analysis. Introduction and links to much more information, from history to current applications. Useful teacher background. From About.com.

14. http://whyfiles.org/083isotope/2.html Stable isotope analysis to learn about Monarch butterflies and early humans.
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