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News
University of Bristol: 15-Jan-2007 17:00 Eastern US Time 

Children of the Neandertals?

Humans continued to evolve long after they migrated from Africa to Europe. They interbred with Neandertals as they settled across the continent. These are the conclusions of new research by US and European scientists. It is published this week in the Proceedings of the National Academy of Sciences (PNAS) USA.

The researchers compared the features of an early modern human cranium with other human samples from the Late Pleistocene. They found differences. They also found similarities with Neandertal skulls.

The skull was found in the Peºtera cu Oase (the Cave with Bones) in southwestern Romania. The research was done by Professor Joao Zilhao of the University of Bristol, Professor Erik Trinkaus of Washington University, and colleagues in Europe

The rebuilt skull is called Oase 2. The different fragments of it were found in a Late Pleistocene bone bed. This mostly contained the remains of cave bears. The fragments were found during excavations directed by Professor Trinkaus and Professor Zilhao.

Radiocarbon dating produced a minimum age of 35,000 years. But similarities with the Oase 1 human mandible helped date it more precisely. 

The mandible was found in 2002 in the same cave next to the excavation area. This led the team to believe that the two fossils are the same age. The mandible has been dated to about 40,500 years ago. 

These are the earliest modern human remains so far found in Europe. They are our best evidence of what the modern humans who first came to Europe looked like.

By comparing Oase 2 with other skulls, Professor Zilhao and colleagues found it had the same proportions as modern human crania. It has a number of other modern human and non-Neandertal features.

But there are important differences. There is flattening at the front. There is a large juxtamastoid eminence. There are exceptionally large upper molars, found mainly among Neandertals.

“These differences raise important questions about the evolutionary history of modern humans,” said Professor Zilhao. They might be the result of evolutionary reversal. Or they might show that sampling of human diversity in the Middle Paleolithic is very incomplete.

But the most likely hypothesis is that they “reflect admixture with Neandertal populations, as modern humans spread through western Eurasia.” This mixing would have resulted in traits from the Neandertals. 

The questions will be settled for sure only when scientists have a larger sample of European early modern humans, said Professor Zilhao. 

But this fossil is a major addition to the growing body of evidence that the ancestors of modern humans interbred with older forms of human beings. This includes fossil, genetic and archaeological evidence. 

All this evidence suggests “significant levels of biological and cultural interaction”. This took place between “modern humans and the anatomically archaic populations (including the Neandertals) they met along the way as they spread from Africa into Eurasia.”

The Oase 2 cranium also shows that modern humans have evolved since the early Upper Paleolithic, the researchers conclude. 

Paper

Pestera cu Oase 2 and the cranial morphology of early modern Europeans by Helene Rougier, Stefan Milota, Ricardo Rodrigo, Mircea Gherase Laurentiu Sarcina, Oana Moldovan, Joao Zilhao, Silviu Constantin, Robert G. Franciscus, Christoph P. E. Zollikofer, Marcia Ponce-de-Leon and Erik Trinkaus www.pnas.org/cgi/doi/10.1073/pnas.0610538104
650 words

Flesch reading ease: 47

Flesch-Kincaid Grade level: 9.9

Word bank
Pupils will not know some of the words used in the text. Meanings are given below, followed by an exercise in matching words and meanings. 

Teachers may choose to provide some or all of the meanings to help pupils read and understand the story. An approach that leads to better learning is to ask pupils to complete as much of Activity 1 as possible during their first encounter with the text.

By tackling this exercise and those that follow – which are known collectively 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 its ideas and words are unfamiliar to them.


Word
Meaning

1
admixture
something added, especially in a small amount

2
anatomically
by or in the structure of the body

3
ancestor
someone of the same family who lived in the past

4
archaeology
study of past humans through remains, like graves, tools and pottery

5
archaic
of older times

6
biological interaction
mating; having sex

7
cell
the building block of all living things except viruses

8
colleagues
people who work together

9
complex
having many connecting parts that are hard to separate

10
conception
fertilisation of egg by sperm

11
crania
plural of cranium

12
cranium
the skull, especially the part that encloses the brain

13
cultural interaction
talking to each other, and sharing ideas and ways of doing things

14
diversity
variety; having lots of different species

15
DNA
giant molecule that contains the genes; short for deoxyribonucleic acid

16
evidence
reason to believe something

17
evolution
the way living things alter over time through small changes in each generation that help an individual to survive and produce more healthy young than others of the same species

18
evolutionary
in terms of evolution

19
evolve
develop gradually

20
excavations
archaeological digs

21
exceptionally
very unusually

22
features
noticeable parts

23
fertile
able to produce young

24
fertilisation
joining of male and female cells to form a new cell that can become a new plant or animal

25
fossil
cast, impression or remains of an animal or plant preserved in rock

26
fragments
small pieces broken off

27
genes
tiny parts of animal and plant cells that control what is inherited. A gene is a section of DNA that does a particular job.

28
genetic
through the genes

29
history
what happened in the past

30
hypothesis
a tentative explanation that leads to predictions that can be tested by experiment

31
inherit
get from parents at conception

32
interbred
produced young together by sex

33
juxtamastoid eminence
large crest of bone behind the ear; a distinctly Neandertal feature of human skulls 

34
mandible
lower part of the jaw

35
minimum
least or smallest

36
molar
wide back tooth used for chewing

37
Neandertal
early form of humans who lived in Europe during the late Pleistocene, about 100,000 to 30,000 years ago. Neandertal remains have also been found in the Middle East, North Africa and west Central Asia. Also spelled Neanderthal.

38
Paleolithic
Also called Old Stone Age, the Paleolithic Period is when humans started using chipped stone tools. It began 2.5 million years ago.

39
Pleistocene
period of Earth’s past between 1,600,000 and 10,000 years ago. The Pleistocene Epoch was a time when huge ice sheets and glaciers formed. It has been called the Great Ice Age.

40
population
the people or things living in a particular place

41
population dynamics
how population sizes change over time because of births, deaths and migration, and the factors that affect these

42
precisely
exactly

43
prediction
a thing that has been said will happen before it does; a forecast

44
proportions
relations in size between different parts 

45
radiocarbon dating
method of telling when a living thing died that works up to 50,000 years ago

46
reversal
going in the opposite direction

47
sample
small amount used to learn what a whole thing is like

48
sampling
taking samples of

49
significant
meaningful; probably caused by something other than chance

50
similarities
things that are nearly the same or of the same kind

51
species
group of individuals that are alike and can breed together to produce fertile young

52
sperm
the male cell that joins with an egg to produce new life

53
tentative
not definite or certain

54
traits
features that can be used to tell groups or people apart

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, randomly mixed, 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
excavations
something added, especially in a small amount


2
minimum
by or in the structure of the body


3
cell
someone of the same family who lived in the past


4
diversity
study of past humans through remains, like graves, tools and pottery


5
similarities
of older times


6
features
mating; having sex


7
genes
the building block of all living things except viruses


8
history
people who work together


9
radiocarbon dating
having many connecting parts that are hard to separate


10
sample
fertilisation of egg by sperm


11
tentative
plural of cranium


12
mandible
the skull, especially the part that encloses the brain


13
hypothesis
talking to each other, and sharing ideas and ways of doing things


14
fertile
variety; having lots of different species


15
crania
giant molecule that contains the genes; short for deoxyribonucleic acid


16
fertilisation
reason to believe something


17
DNA
the way living things alter over time through small changes in each generation that help an individual to survive and produce more healthy young than others of the same species


18
genetic
in terms of evolution


19
interbred
develop gradually


20
archaeology
archaeological digs


21
biological interaction
very unusually


22
population
noticeable parts


23
evolve
able to produce young


24
Neandertal
joining of male and female cells to form a new cell that can become a new plant or animal


25
species
cast, impression or remains of an animal or plant preserved in rock


26
evolutionary
small pieces broken off


27
fragments
tiny parts of animal and plant cells that control what is inherited. A gene is a section of DNA that does a particular job.


28
cranium
through the genes


29
traits
what happened in the past


30
reversal
a tentative explanation that leads to predictions that can be tested by experiment


31
population dynamics
get from parents at conception


32
colleagues
produced young together by sex


33
exceptionally
large crest of bone behind the ear; a distinctly Neandertal feature of human skulls 


34
sperm
lower part of the jaw


35
fossil
least or smallest


36
admixture
wide back tooth used for chewing


37
evidence
early form of humans who lived in Europe during the late Pleistocene, about 100,000 to 30,000 years ago. Neandertal remains have also been found in the Middle East, North Africa and west Central Asia. Also spelled Neanderthal.


38
juxtamastoid eminence
Also called Old Stone Age, the Paleolithic Period is when humans started using chipped stone tools. It began 2.5 million years ago.


39
molar
period of Earth’s past between 1,600,000 and 10,000 years ago. The Pleistocene Epoch was a time when huge ice sheets and glaciers formed. It has been called the Great Ice Age.


40
inherit
the people or things living in a particular place


41
conception
how population sizes change over time because of births, deaths and migration, and the factors that affect these


42
prediction
exactly


43
ancestor
a thing that has been said will happen before it does; a forecast


44
archaic
relations in size between different parts 


45
precisely
method of telling when a living thing died that works up to 50,000 years ago


46
anatomically
going in the opposite direction


47
cultural interaction
small amount used to learn what a whole thing is like


48
Paleolithic
taking samples of


49
sampling
meaningful; probably caused by something other than chance


50
complex
things that are nearly the same or of the same kind


51
Pleistocene
group of individuals that are alike and can breed together to produce fertile young


52
significant
the male cell that joins with an egg to produce new life


53
evolution
not definite or certain


54
proportions
features that can be used to tell groups or people apart


Activity 2

Comprehension 

1. What did the researchers compare?

2. Where did they find the early modern human skull?

3. Which animal left most of the bones where the skull was found?

4. How old is the skull at least, according to radiocarbon dating?

5. The researchers decided it was probably closer to 40,500 years old. Why?

6. What is special about these bones?

7. The news story mentions one way in which this skull is like our own skulls today. What is that?

8. Are there others?

9. The story mentions three ways in which the skull is like a Neandertal skull. State two of these.

10. So this skull is like modern human skulls in some ways and like Neandertal skulls in other ways. How many possible reasons does Professor Zilhao suggest to explain this?

11. In your own words which explanation does he think is the most likely?

12. The writer does not call this an explanation. What does she call it?

13. The story says “this question can be settled for sure only when scientists have a larger sample…” What question is the writer talking about?

14. There is a “growing body of evidence” that our ancestors did what in the past?

15. What does “biological interaction” mean in simple language?

16. What does “cultural interaction” mean?

17. Does the story offer any evidence for cultural interaction between early modern humans and Neandertals?

18. Can you think of something that would count as evidence for cultural interaction?

19. Most of this story is about early humans and Neandertals and how the skull shows they must have interbred. But the final paragraph mentions a different conclusion. What is that?

20. Is this conclusion more certain than the one about breeding with Neandertals?

21. What reasons do you have for your last answer?

22. If you were these scientists what kind of work would you like to do now, to find out more about early humans and Neandertals?

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.

Children of the Neandertals?

Humans continued to evolve long after ____ migrated from Africa to Europe. They interbred with Neandertals __ they settled across the continent. These are the conclusions __ new research by US and European scientists. It is _________ this week in the Proceedings of the National Academy __ Sciences (PNAS) USA.

The researchers compared the features of an _____ modern human cranium with other human samples from the ____ Pleistocene. They found differences. They also found similarities with _________ skulls.

The skull was found in ___ Peºtera cu Oase (the Cave with Bones) in southwestern _______. The research was done by Professor Joao Zilhao __ the University of Bristol, Professor Erik Trinkaus of Washington __________, and colleagues in Europe

The rebuilt skull is called ____ 2. The different fragments of it were found in _ Late Pleistocene bone bed. This mostly contained the remains __ cave bears. The fragments were found during excavations directed __ Professor Trinkaus and Professor Zilhao.

Radiocarbon dating produced a minimum ___ of 35,000 years. But similarities with the Oase 1 _____ mandible helped date it more precisely. 

The mandible was _____ in 2002 in the same cave next to the __________ area. This led the team to believe that the ___ fossils are the same age. The mandible has been _____ to about 40,500 years ago. 

These are the earliest ______ human remains so far found in Europe. They are ___ best evidence of what the modern humans who first ____ to Europe looked like.

By comparing Oase 2 with other ______, Professor Zilhao and colleagues found it had the ____ proportions as modern human crania. It has a number __ other modern human and non-Neandertal features.

But there are important ___________. There is flattening at the front. There is _ large juxtamastoid eminence. There are exceptionally large upper molars, _____ mainly among Neandertals.

“These differences raise important questions about the ____________ history of modern humans,” said Professor Zilhao. They might __ the result of evolutionary reversal. Or they might show ____ sampling of human diversity in the Middle Paleolithic is ____ incomplete.

But the most likely hypothesis is that they “reflect _________ with Neandertal populations, as modern humans spread through western _______.” This mixing would have resulted in traits from ___ Neandertals. 

The questions will be settled for sure only ____ scientists have a larger sample of European early modern ______, said Professor Zilhao. 

But this fossil is a _____ addition to the growing body of evidence that the _________ of modern humans interbred with older forms of human ______. This includes fossil, genetic and archaeological evidence. 

All ____ evidence suggests “significant levels of biological and cultural interaction”. ____ took place between “modern humans and the anatomically archaic ___________ (including the Neandertals) they met along the way as ____ spread from Africa into Eurasia.”

The Oase 2 cranium also _____ that modern humans have evolved since the early Upper ___________, the researchers conclude. 

These are all the words that belong in the blanks:
a, a, admixture, age, ancestors, as, be, beings, by, came, dated, differences, early, Eurasia, evolutionary, excavation, found, found, human, humans, Late, major, modern, Neandertal, Oase, of, of, of, of, of, our, Paleolithic, populations, published, Romania, same, shows, skulls, that, the, the, they, they, this, This, two, University, very, when

Answer Key:

Children of the Neandertals?

Humans continued to evolve long after they migrated from Africa to Europe. They interbred with Neandertals as they settled across the continent. These are the conclusions of new research by US and European scientists. It is published this week in the Proceedings of the National Academy of Sciences (PNAS) USA.

The researchers compared the features of an early modern human cranium with other human samples from the Late Pleistocene. They found differences. They also found similarities with Neandertal skulls.
The skull was found in the Peºtera cu Oase (the Cave with Bones) in southwestern Romania. The research was done by Professor Joao Zilhao of the University of Bristol, Professor Erik Trinkaus of Washington University, and colleagues in Europe

The rebuilt skull is called Oase 2. The different fragments of it were found in a Late Pleistocene bone bed. This mostly contained the remains of cave bears. The fragments were found during excavations directed by Professor Trinkaus and Professor Zilhao.

Radiocarbon dating produced a minimum age of 35,000 years. But similarities with the Oase 1 human mandible helped date it more precisely. 

The mandible was found in 2002 in the same cave next to the excavation area. This led the team to believe that the two fossils are the same age. The mandible has been dated to about 40,500 years ago. 

These are the earliest modern human remains so far found in Europe. They are our best evidence of what the modern humans who first came to Europe looked like.

By comparing Oase 2 with other skulls, Professor Zilhao and colleagues found it had the same proportions as modern human crania. It has a number of other modern human and non-Neandertal features.

But there are important differences. There is flattening at the front. There is a large juxtamastoid eminence. There are exceptionally large upper molars, found mainly among Neandertals.

“These differences raise important questions about the evolutionary history of modern humans,” said Professor Zilhao. They might be the result of evolutionary reversal. Or they might show that sampling of human diversity in the Middle Paleolithic is very incomplete.

But the most likely hypothesis is that they “reflect admixture with Neandertal populations, as modern humans spread through western Eurasia.” This mixing would have resulted in traits from the Neandertals. 

The questions will be settled for sure only when scientists have a larger sample of European early modern humans, said Professor Zilhao. 

But this fossil is a major addition to the growing body of evidence that the ancestors of modern humans interbred with older forms of human beings. This includes fossil, genetic and archaeological evidence. 

All this evidence suggests “significant levels of biological and cultural interaction”. This took place between “modern humans and the anatomically archaic populations (including the Neandertals) they met along the way as they spread from Africa into Eurasia.”

The Oase 2 cranium also shows that modern humans have evolved since the early Upper Paleolithic, the researchers 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

Reasons for doing the research

Technology and methods

New findings or developments

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.)

Children of the Neandertals?

Humans continued to evolve long after they migrated from Africa to Europe. They interbred with Neandertals as they settled across the continent. These are the conclusions of new research by US and European scientists. It is published this week in the Proceedings of the National Academy of Sciences (PNAS) USA.

The researchers compared the features of an early modern human cranium with other human samples from the Late Pleistocene. They found differences. They also found similarities with Neandertal skulls.

The skull was found in the Peºtera cu Oase (the Cave with Bones) in southwestern Romania. The research was done by Professor Joao Zilhao of the University of Bristol, Professor Erik Trinkaus of Washington University, and colleagues in Europe

The rebuilt skull is called Oase 2. The different fragments of it were found in a Late Pleistocene bone bed. This mostly contained the remains of cave bears. The fragments were found during excavations directed by Professor Trinkaus and Professor Zilhao.

Radiocarbon dating produced a minimum age of 35,000 years. But similarities with the Oase 1 human mandible helped date it more precisely. 

The mandible was found in 2002 in the same cave next to the excavation area. This led the team to believe that the two fossils are the same age. The mandible has been dated to about 40,500 years ago. 

These are the earliest modern human remains so far found in Europe. They are our best evidence of what the modern humans who first came to Europe looked like.

By comparing Oase 2 with other skulls, Professor Zilhao and colleagues found it had the same proportions as modern human crania. It has a number of other modern human and non-Neandertal features.

But there are important differences. There is flattening at the front. There is a large juxtamastoid eminence. There are exceptionally large upper molars, found mainly among Neandertals.

“These differences raise important questions about the evolutionary history of modern humans,” said Professor Zilhao. They might be the result of evolutionary reversal. Or they might show that sampling of human diversity in the Middle Paleolithic is very incomplete.
But the most likely hypothesis is that they “reflect admixture with Neandertal populations, as modern humans spread through western Eurasia.” This mixing would have resulted in traits from the Neandertals. 

The questions will be settled for sure only when scientists have a larger sample of European early modern humans, said Professor Zilhao. 

But this fossil is a major addition to the growing body of evidence that the ancestors of modern humans interbred with older forms of human beings. This includes fossil, genetic and archaeological evidence. 

All this evidence suggests “significant levels of biological and cultural interaction”. This took place between “modern humans and the anatomically archaic populations (including the Neandertals) they met along the way as they spread from Africa into Eurasia.”

The Oase 2 cranium also shows that modern humans have evolved since the early Upper Paleolithic, the researchers conclude. 

Activity 5
Topics for group discussion or pupil presentations

1. This is a particularly good story for exploring and discussing in groups exactly which statements are new findings and which are hypotheses. A little web research will be needed, not simply study of the text. This will have to be time-limited, or the kids will get drawn too deeply into what is a major scientific disagreement (see below).

2. It is a disagreement that is worth exploring more deeply in a separate activity. Some scientists who study human remains have for a long time maintained that there was “biological and cultural interaction” between early modern humans and Neandertals – they had children together and communicated ideas, art and beliefs. Other scientists, in particular those who study genetics, find no evidence for this at all. 

An earlier item in realscience.org.uk (Neanderthal relations 15-Nov-2006) is all about the latest research in genetics that finds no evidence of interbreeding.

This is a long-running disagreement that arises partly because fossil scientists and geneticists work in very different ways and publish in very different journals. This kind of disagreement takes longer to resolve than those wholly within one discipline. 

The evidence is beginning to stack up in one particular direction, however, as the kids may discover. 

Separate groups of pupils should be assigned to a) gather information about recent research on the bones, and b) gather recent information from genetics. In both cases the aim is to address the question: was there interbreeding between early modern humans and Neandertals?

Restrictions need to be placed to avoid this open-ended task lasting forever. So students should use only recent research (say less than a year old), and they should be given a fixed time to search the Web.

Students are looking for the following:

a) methods used

b) conclusions of the research

c) evidence for these conclusions

d) how strong is this evidence?

Having done the research the groups should prepare a presentation of their findings and deliver it to the class.

There should then be a class discussion on the merits of both hypotheses: There was interbreeding or there wasn’t. 

The separate groups are likely to become wedded to their particular type of research and conclusions in a short time. The teacher should make the point, and explain that the same thing can happen with scientists themselves. 

But the nature of science is that disagreements do not go on forever. Ask the class to suggest how this one will be resolved.

3. Neandertal or Neanderthal? In groups and in a fixed, fairly short time pupils should explore the different spellings, and decide which they recommend and why.

One of the best discussions of this is at http://johnhawks.net/weblog/topics/meta/neandertal_or_neanderthal.html. (“But never forget: all the cool kids write it with a ‘T’.” ) But the teacher should keep this website to him/herself, until pupils have done their searching. 

Useful sites the teacher may decide to provide to the pupils for some or all of the above work:

http://en.wikipedia.org/wiki/Pe%C5%9Ftera_cu_Oase
www.txtwriter.com/onscience/Articles/humanevolution.html
www.wellcome.ac.uk/doc_WTX034650.html

www.americanscientist.org/template/AssetDetail/assetid/37226?&print=yes

www.pbs.org/wgbh/nova/neanderthals/producer.html

www.research.ku.edu/explore/v1n2/neander.html

Links to free activities, lesson plans, and background information.

1. www.becominghuman.org/ Journey through the story of human evolution in an interactive experience. Institute of Human Origins.

2. www.pbs.org/wgbh/nova/neanderthals/skulls.html “Rotate and compare the casts of two famous ancient skulls—those of a Neanderthal and an early modern human—and see if you can find the many anatomical differences that palaeoanthropologists use to distinguish between the two.”

3. www.mnh.si.edu/anthro/humanorigins/ In search of what makes us human. Smithsonian Institution.

4. www.teachersdomain.org/resources/tdc02/sci/life/evo/humev/index.html By exploring fossil and molecular evidence for human evolution, this video contrasts the ideas of relatives and descendants to illustrate our connection to other primates, and show what is meant by a “common ancestor.”

5. http://school.discovery.com/lessonplans/programs/neanderthal/ Neanderthals lesson and groupwork from Discovery School. Some of the links no longer work, and the multiregional theory looks unlikely nowadays. But some nice ideas for class work.

6. www.handprint.com/LS/ANC/evol.html#chart Human evolution is a puzzle made up of thousands of fossil pieces. The Chart of Human Evolution shows the major pieces of that puzzle arranged in a likely solution.

7. www.pbs.org/wgbh/nova/teachers/activities/2902_neandert.html Neandertals on trial. Classroom activity to explore the nature of Neandertals.

8. www.teachersdomain.org/resources/tdc02/sci/life/evo/lp_humanevo/index.html Several detailed lessons. Students investigate hominid evolution. They learn the difference between a relative and an ancestor, study the emergence of bipedalism and chart patterns of hominid migration. There is an emphasis on the importance of fossil evidence in unravelling the story of our ancestors.

9. www.indiana.edu/~ensiweb/lessons/c.bigcla.html Students prepare the components for building a Colossal Classroom Cladogram of vertebrate evolution, then put it together, showing the gradual, mosaic accumulation of the traits which we, as humans, possess. A major purpose of this is to dramatise the evidence that we (and in fact all living things) didn't suddenly pop into existence, but clearly evolved as an accumulation of traits over vast periods of time. A follow-up discussion helps focus on these concepts.

10. www.archaeologyinfo.com/homoneaderthalensis.htm About Neandertals

11. www.handprint.com/LS/ANC/evol.html#chart Human evolution chart and background information. 

12. www.pnas.org/cgi/doi/10.1073/pnas.0610538104 The paper on which the news item is based.

Links to more links

www.mos.org/evolution/resources/
www.talkorigins.org/faqs/homs/

Daily tip for science class discussions and groupwork

“In a highly technological society such as ours the ability of learners to

analyse and question in a scientific manner is increasingly important.

Scientific literacy now needs to take its place alongside literacy and

numeracy as a major part of the agenda to raise standards in schools.”

From NESTA (2006). Real Science. 

Model of argument
A variety of different models are available. We are suggesting the following. 

· At the very minimum an argument must consist of a claim and at least one ground for accepting the claim. The nature of the grounds will depend on the type of claim. It may be data used as evidence for a factual conclusion or it may be an ethical principle to justify a decision. A good argument will include several grounds. 

· The link between grounds and claim will often involve underlying assumptions, not made explicit but essential to the reasoning. 

· The evidence used as grounds for the claim may be criticised, or different evidence may refute the claim. 

· The assumptions involved may be criticised. 

· These criticisms are known as rebuttals and will weaken the claim. 

· Qualifications to the claim that may strengthen its acceptability, 

· In many cases a counter-argument reaching a different conclusion is possible. This might use the same data but come to a different conclusion, it may use different data or it may involve different values. 

· Counter argument is an important part of a debate between two or more people but the existence of counter-argument should also be acknowledged in any fully developed written argument, where it would then be rebutted.

· A detailed argument on a complex issue may involve several simple arguments building up to an overall claim. The strength of the overall argument will depend on the strength of the component parts.

From Science for Public Understanding: www.scpub.org
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