[image: image2.jpg]



Resources:

1. Science news story.

2. Word bank.

3. Activity 1: Mixed-up meanings.

4. Activity 2: Comprehension.

5. Activity 3: Find the missing word.

6. Activity 4: What kind of statements?

7. Activity 5: Topics for group discussion, research and pupil presentations. 

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

9. Daily tip for running science class discussions and groupwork.

News
University of Chicago: 1:00 p.m., US ET, Wednesday, 15 November, Newswise.

Neanderthal relations

Neanderthals and modern humans became separate species around 370,000 years ago, according to the latest research. The two species have the same ancestors. But there is no evidence of interbreeding after they evolved their separate ways.

The details of the most thorough study ever of Neanderthal DNA are published in this week's issue of Science. The research helps explain the relationship between Homo sapiens (us) and Homo neanderthalensis (the Neanderthals). It also "signifies the dawn of Neanderthal genomics," write the study's authors. 

There have been earlier studies of Neanderthal DNA. But these looked only at the short stretches of DNA in the mitochondria of cells. This provides limited information about past evolution. The present study is the first to look in detail at the main body of Neanderthal genes - those contained in the cell nucleus.

The scientists who worked together on this study are based at the Lawrence Berkeley National Laboratory, the U.S. Department of Energy Joint Genome Institute, the University of Chicago and the Max Planck Institute for Evolutionary Anthropology.

Comparing human and Neanderthal genes is instructive, says study co-author Jonathan Pritchard. He is the professor of human genetics who led the University of Chicago team that analyzed the genetic data. "We can possibly identify what the key genetic changes were during that final stage of human evolution."

Svante Pääbo of the Max Planck Institute, also a co-author of the Science paper, first sequenced Neanderthal DNA in 1997. His results led him to suggest that Neanderthals did not make a contribution to the gene pool of modern humans. But his work used genes only from the mitochondria.

This new study of nuclear DNA strengthens that hypothesis. The research was led by Edward Rubin of the Lawrence Berkeley National Laboratory.

The DNA used in this latest research came from a 38,000 year-old Neanderthal bone found in Croatia. The scientists examined it using metagenomics. This is a set of techniques developed by forensic scientists to study DNA at a crime scene.

Older methods of studying genes needed a very pure sample of genetic material. This is hard to get from a crime scene, which usually has traces of DNA from many different people. 

It is also hard to get from old bones in the ground, which is rich in dead plants and animals, bacteria and viruses. All these contain genes. Also old bones in museums have often been handled by many different people, who have left their own DNA traces.

Metagenomics doesn't even try to get pure genetic material. Instead it uses mathematics, powerful computers and stored knowledge of thousands of genes to sift through the information from all the material at a "crime scene" looking for those of interest. 

In this case that meant genes from Neanderthal bones - and not from the curator of the museum or the microbes that ate the flesh.

In a sense metagenomics purifies the information rather than the material.

The new study does not allow us to say that Homo sapiens and Neanderthals never interbred, Rubin says. But "analysis of the nuclear DNA from the Neanderthal suggests the low likelihood of it having occurred at any appreciable level." 

But Pritchard added, "We do not exclude the possibility of modest levels of genome admixture." 

According to this latest research the common ancestor of humans and Neanderthals lived about 706,000 years ago. This is called their most recent common ancestor (MRCA). 

For interest the MRCA of humans and chimpanzees lived around 5 million years ago. The MRCA of all mammals that give birth to live young, including humans, was a shrew that scurried about the woodlands of Asia more than 70 million years ago. 

The most recent common ancestor of every animal on Earth - the grandaddy of us all - looked like a microscopic tadpole that wriggled around the sea 900 million years ago.  

625 words

Flesch reading ease: 49.1

Flesch-Kincaid Grade level: 10.4

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 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 its ideas and words are unfamiliar to them.


Word
Meaning

1
admixture
something added, especially in a small amount

2
analyzed
studied the parts something is made of, and how they work together

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

4
appreciable
enough to be noticed

5
cell
the basic unit of all living things

6
characteristic
one of the qualities that make a person who he or she is

7
common
shared

8
compare
study to see what is the same or different

9
conception
fertilization of egg by sperm

10
contribution
addition

11
curator
person in charge of a museum or collection

12
DNA
giant molecule that contains the genes; short for deoxyribonucleic acid

13
evidence
reason to believe something

14
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.

15
evolve
happen by evolution

16
experiment
a practical test done to shed light on a theory

17
fertile
able to produce young

18
forensic
to do with courts of law

19
gene pool
all the genes in a species or group of individuals, at any one time

20
generation
all the individuals living at the same time

21
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.

22
genetic
to do with the genes

23
genetics
the science of genes and what they do; it tries to explain how characteristics of living organisms are passed from one generation to the next

24
genome
the full set of genes carried by an individual or species

25
genomics
the science of the genome

26
heredity
passing on of characteristics from parents to young

27
hypothesis
a tentative explanation that leads to predictions that can be tested by experiment

28
identify
recognize as something

29
inherited
gained from parents at conception

30
interbreed
produce young together by sex

31
limited
kept within usually narrow limits

32
microbes
microscopic creatures such as bacteria or viruses; germs

33
mitochondria
structures in the cells of all living things except bacteria. They produce energy from food, and also contain a little loop of DNA.

34
mitochondrion
singular of mitochondria

35
molecule
the smallest part of a substance that can exist; made of two or more atoms joined together

36
nuclear
of the nucleus

37
nucleus
the central part of a cell. It contains threads of DNA and controls what the cell does.

38
prediction
a thing that has been said will happen before it does; a forecast

39
relationship
how things are connected

40
sequence
find the order of the parts in a piece of DNA. Some of these are genes.

41
signifies
marks, indicates

42
species
group of individuals that are alike and can breed together to produce fertile young

43
technique
way of doing something with skill

44
tentative
not definite or certain

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
admixture
to do with courts of law


2
analyzed
able to produce young


3
ancestor
the science of the genome


4
appreciable
group of individuals that are alike and can breed together to produce fertile young


5
cell
how things are connected


6
characteristic
fertilization of egg by sperm


7
common
the full set of genes carried by an individual or species


8
compare
one of the qualities that make a person who he or she is


9
conception
addition


10
contribution
all the genes in a species or group of individuals, at any one time


11
curator
all the individuals living at the same time


12
DNA
the smallest part of a substance that can exist; made of two or more atoms joined together


13
evidence
singular of mitochondria


14
evolution
a tentative explanation that leads to predictions that can be tested by experiment


15
evolve
microscopic creatures such as bacteria or viruses; germs


16
experiment
way of doing something with skill


17
fertile
giant molecule that contains the genes; short for deoxyribonucleic acid


18
forensic
shared


19
gene pool
happen by evolution


20
generation
find the order of the parts in a piece of DNA. Some of these are genes.


21
genes
person in charge of a museum or collection


22
genetic
produce young together by sex


23
genetics
to do with the genes


24
genome
not definite or certain


25
genomics
study to see what is the same or different


26
heredity
passing on of characteristics from parents to young


27
hypothesis
marks, indicates


28
identify
enough to be noticed


29
inherited
reason to believe something


30
interbreed
the central part of a cell. It contains threads of DNA and controls what the cell does.


31
limited
the basic unit of all living things


32
microbes
a practical test done to shed light on a theory


33
mitochondria
structures in the cells of all living things except bacteria. They produce energy from food, and also contain a little loop of DNA.


34
mitochondrion
someone of the same family who lived in the past


35
molecule
of the nucleus


36
nuclear
a thing that has been said will happen before it does; a forecast


37
nucleus
studied the parts something is made of, and how they work together


38
prediction
the science of genes and what they do; it tries to explain how characteristics of living organisms are passed from one generation to the next


39
relationship
something added, especially in a small amount


40
sequence
gained from parents at conception


41
signifies
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.


42
species
tiny parts of animal and plant cells that control what is inherited. A gene is a section of DNA that does a particular job.


43
technique
kept within usually narrow limits


44
tentative
recognize as something


Activity 2

Comprehension 

1. When did Neanderthals and modern humans become separate species, according to the latest research?

2. Have there been earlier studies of Neanderthal genes?

3. Which part of the body's cells did the DNA come from in earlier studies?

4. Which part of the cells did the DNA come from in this study?

5. Which of these parts of the cell has the most DNA?

6. What did Pääbo's work lead him to suggest?

7. What was the big difference between Pääbo's earlier work and this new study?

8. How old was the bone used in this research?

9. Metagenomics was developed first by forensic scientists. Can you explain in one sentence what they do?

10. Why is metagenomics useful at a crime scene?

11. Why is it useful for looking at old bones?

12. What is the big difference between metagenomics and older ways of studying DNA?

13. The scientists say their work shows it is unlikely that modern humans and Neanderthals interbred. But they "do not exclude the possibility of modest levels of genome admixture." What does that mean? 

14. Why do you think metagenomics could not have been used to study Neanderthal DNA say 10 years ago?

15. Who are the most recent common ancestors of you and your mother's sister's son?

16. What do you think the most recent common ancestor of modern humans and Neanderthals looked like?

17. What do you think the most recent common ancestor of humans and chimpanzees looked like?

18. In your own words what does "strengthens that hypothesis" in paragraph 7 mean? 

19. In what way does this latest work strengthen Svante Pääbo hypothesis?

20. If you were the scientists what questions would you still have about all this?

21. Can you think of some way of trying to answer those 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.

Neanderthal relations

Neanderthals and modern humans became separate species around ___,000 years ago, according to the latest research. The ___ species have the same ancestors. But there is no ________ of interbreeding after they evolved their separate ways.

The details __ the most thorough study ever of Neanderthal DNA are _________ in this week's issue of Science. The research helps _______ the relationship between Homo sapiens (us) and Homo neanderthalensis ____ Neanderthals). It also "signifies the dawn of Neanderthal genomics," _____ the study's authors. 

There have been earlier studies of ___________ DNA. But these looked only at the short stretches __ DNA in the mitochondria of cells. This provides limited ___________ about past evolution. The present study is the first __ look in detail at the main body of Neanderthal _____ - those contained in the cell nucleus.

The scientists who ______ together on this study are based at the Lawrence ________ National Laboratory, the U.S. Department of Energy Joint Genome Institute, the University of Chicago and the Max Planck _________ for Evolutionary Anthropology.

Comparing human and Neanderthal genes is ___________, says study co-author Jonathan Pritchard. He is the _________ of human genetics who led the University of Chicago ____ that analyzed the genetic data. "We can possibly identify ____ the key genetic changes were during that final stage __ human evolution."

Svante Pääbo of the Max Planck Institute, also _ co-author of the Science paper, first sequenced Neanderthal DNA __ 1997. His results led him to suggest that Neanderthals ___ not make a contribution to the gene pool of ______ humans. But his work used genes only from the mitochondria.

This ___ study of nuclear DNA strengthens that hypothesis. The research was ___ by Edward Rubin of the Lawrence Berkeley National Laboratory.

The ______ pieces of DNA used in this latest research came ____ a 38,000 year-old Neanderthal bone found in Croatia. The __________ examined it using metagenomics. This is a set of __________ developed by forensic scientists to study DNA at a _____ scene.

Older methods of studying genes needed a very pure ______ of genetic material. This is hard to get from _ crime scene, which usually has traces of DNA from ____ different people. 

It is also hard to get from ___ bones in the ground, which is rich in dead ______ and animals, bacteria and viruses. All these contain genes. ____ old bones in museums have often been handled by ____ different people, who have left their own DNA traces.

Metagenomics _______ even try to get pure genetic material. Instead it ____ mathematics, powerful computers and stored knowledge of thousands of _____ to sift through the information from all the material __ a "crime scene" looking for those of interest. 

In ____ case that meant genes from Neanderthal bones - and ___ from the curator of the museum or the microbes ____ ate the flesh.

In a sense metagenomics purifies the ___________ rather than the material.

The new study does not allow us __ say that Homo sapiens and Neanderthals never interbred, Rubin ____. But "analysis of the nuclear DNA from the ___________ suggests the low likelihood of it having occurred at ___ appreciable level." 

But Pritchard added, "We do not exclude ___ possibility of modest levels of genome admixture." 

According to ____ latest research the common ancestor of humans and Neanderthals _____ about 706,000 years ago. This is called their most ______  common ancestor (MRCA). 

For interest the MRCA of humans ___ chimpanzees lived around 5 million years ago. The MRCA of all mammals that give birth to live young, including ______, was a shrew that scurried about the woodlands of Asia more than 70 million years ago. 

The most recent common ancestor of every animal on Earth - the grandaddy of us ___ - looked like a microscopic tadpole that ________ around the sea 900 million years ago.  

These are all the words that belong in the blanks:
370, (the, a, a, all, Also, and, any, at, Berkeley, crime, did, doesn't, evidence, explain, from, genes, genes, humans, in, information, information, Institute, instructive, led, lived, many, many, modern, Neanderthal, Neanderthal, new, not, of, of, of, old, plants, professor, published, recent, sample, says, scientists, team, techniques, that, the, this, this, to, to, two, uses, what, worked, wriggled, write

Answer Key:
Neanderthal relations

Neanderthals and modern humans became separate species around 370,000 years ago, according to the latest research. The two species have the same ancestors. But there is no evidence of interbreeding after they evolved their separate ways.

The details of the most thorough study ever of Neanderthal DNA are published in this week's issue of Science. The research helps explain the relationship between Homo sapiens (us) and Homo neanderthalensis (the Neanderthals). It also "signifies the dawn of Neanderthal genomics," write the study's authors. 

There have been earlier studies of Neanderthal DNA. But these looked only at the short stretches of DNA in the mitochondria of cells. This provides limited information about past evolution. The present study is the first to look in detail at the main body of Neanderthal genes - those contained in the cell nucleus.

The scientists who worked together on this study are based at the Lawrence Berkeley National Laboratory, the U.S. Department of Energy Joint Genome Institute, the University of Chicago and the Max Planck Institute for Evolutionary Anthropology.

Comparing human and Neanderthal genes is instructive, says study co-author Jonathan Pritchard. He is the professor of human genetics who led the University of Chicago team that analyzed the genetic data. "We can possibly identify what the key genetic changes were during that final stage of human evolution."

Svante Pääbo of the Max Planck Institute, also a co-author of the Science paper, first sequenced Neanderthal DNA in 1997. His results led him to suggest that Neanderthals did not make a contribution to the gene pool of modern humans. But his work used genes only from the mitochondria.

This new study of nuclear DNA strengthens that hypothesis. The research was led by Edward Rubin of the Lawrence Berkeley National Laboratory.

The DNA used in this latest research came from a 38,000 year-old Neanderthal bone found in Croatia. The scientists examined it using metagenomics. This is a set of techniques developed by forensic scientists to study DNA at a crime scene.

Older methods of studying genes needed a very pure sample of genetic material. This is hard to get from a crime scene, which usually has traces of DNA from many different people. 

It is also hard to get from old bones in the ground, which is rich in dead plants and animals, bacteria and viruses. All these contain genes. Also old bones in museums have often been handled by many different people, who have left their own DNA traces.

Metagenomics doesn't even try to get pure genetic material. Instead it uses mathematics, powerful computers and stored knowledge of thousands of genes to sift through the information from all the material at a "crime scene" looking for those of interest. 

In this case that meant genes from Neanderthal bones - and not from the curator of the museum or the microbes that ate the flesh.

In a sense metagenomics purifies the information rather than the material.

The new study does not allow us to say that Homo sapiens and Neanderthals never interbred, Rubin says. But "analysis of the nuclear DNA from the Neanderthal suggests the low likelihood of it having occurred at any appreciable level." 

But Pritchard added, "We do not exclude the possibility of modest levels of genome admixture." 

According to this latest research the common ancestor of humans and Neanderthals lived about 706,000 years ago. This is called their most recent common ancestor (MRCA). 

For interest the MRCA of humans and chimpanzees lived around 5 million years ago. The MRCA of all mammals that give birth to live young, including humans, was a shrew that scurried about the woodlands of Asia more than 70 million years ago. 

The most recent common ancestor of every animal on Earth - the grandaddy of us all - looked like a microscopic tadpole that wriggled around the sea 900 million years ago.  

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 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 agonize 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.)
Neanderthal relations

Neanderthals and modern humans became separate species around 370,000 years ago, according to the latest research. The two species have the same ancestors. But there is no evidence of interbreeding after they evolved their separate ways.

The details of the most thorough study ever of Neanderthal DNA are published in this week's issue of Science. The research helps explain the relationship between Homo sapiens (us) and Homo neanderthalensis (the Neanderthals). It also "signifies the dawn of Neanderthal genomics," write the study's authors. 

There have been earlier studies of Neanderthal DNA. But these looked only at the short stretches of DNA in the mitochondria of cells. This provides limited information about past evolution. The present study is the first to look in detail at the main body of Neanderthal genes - those contained in the cell nucleus.

The scientists who worked together on this study are based at the Lawrence Berkeley National Laboratory, the U.S. Department of Energy Joint Genome Institute, the University of Chicago and the Max Planck Institute for Evolutionary Anthropology.

Comparing human and Neanderthal genes is instructive, says study co-author Jonathan Pritchard. He is the professor of human genetics who led the University of Chicago team that analyzed the genetic data. "We can possibly identify what the key genetic changes were during that final stage of human evolution."
Svante Pääbo of the Max Planck Institute, also a co-author of the Science paper, first sequenced Neanderthal DNA in 1997. His results led him to suggest that Neanderthals did not make a contribution to the gene pool of modern humans. But his work used genes only from the mitochondria.
This new study of nuclear DNA strengthens that hypothesis. The research was led by Edward Rubin of the Lawrence Berkeley National Laboratory.

The DNA used in this latest research came from a 38,000 year-old Neanderthal bone found in Croatia. The scientists examined it using metagenomics. This is a set of techniques developed by forensic scientists to study DNA at a crime scene.

Older methods of studying genes needed a very pure sample of genetic material. This is hard to get from a crime scene, which usually has traces of DNA from many different people. 

It is also hard to get from old bones in the ground, which is rich in dead plants and animals, bacteria and viruses. All these contain genes. Also old bones in museums have often been handled by many different people, who have left their own DNA traces.

Metagenomics doesn't even try to get pure genetic material. Instead it uses mathematics, powerful computers and stored knowledge of thousands of genes to sift through the information from all the material at a "crime scene" looking for those of interest. 

In this case that meant genes from Neanderthal bones - and not from the curator of the museum or the microbes that ate the flesh.

In a sense metagenomics purifies the information rather than the material.

The new study does not allow us to say that Homo sapiens and Neanderthals never interbred, Rubin says. But "analysis of the nuclear DNA from the Neanderthal suggests the low likelihood of it having occurred at any appreciable level." 

But Pritchard added, "We do not exclude the possibility of modest levels of genome admixture." 

According to this latest research the common ancestor of humans and Neanderthals lived about 706,000 years ago. This is called their most recent common ancestor (MRCA). 

For interest the MRCA of humans and chimpanzees lived around 5 million years ago. The MRCA of all mammals that give birth to live young, including humans, was a shrew that scurried about the woodlands of Asia more than 70 million years ago. 

The most recent common ancestor of every animal on Earth - the grandaddy of us all - looked like a microscopic tadpole that wriggled around the sea 900 million years ago.  

Activity 5
Topics for group discussions, research and pupil presentations

Science 

This is another good story for the jigsaw co-operative learning technique, (see below). One pupil in each group should research the following key science ideas in the story, share with their expert groups, then present to their own group.

Neanderthals

Doing stuff with DNA

Common ancestors

Cell structure

Useful web starting points are provided for each of these topics:

Neanderthals

www.handprint.com/LS/ANC/hfs9.html Neanderthal background.

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 paleoanthropologists use to distinguish between the two."

Doing stuff with DNA

www.wired.com/wired/archive/14.07/caveman_pr.html "I need to get more bone," the scientist says. "I'll go to Russia with a pillowcase and an envelope full of euros and meet with guys who have big shoulder pads. Whatever it takes."

http://news.nationalgeographic.com/news/2004/03/0325_040325_hominiddna.html Ancient DNA.

www.pbs.org/wgbh/nova/genome/sequencer.html Sequence for yourself. For older pupils. Fascinating and instructive Flash animation of all the steps.

Common ancestors

www.yale.edu/opa/v33.n6/story13.html Most recent common ancestors of today's humans.

According to Joseph Chang of Yale University: "No matter the languages we speak or the color of our skin, we share ancestors who planted rice on the banks of the Yangtze, who first domesticated horses on the steppes of the Ukraine, who hunted giant sloths in the forests of North and South America, and who labored to build the Great Pyramid of Khufu." 

http://en.wikipedia.org/wiki/The_Ancestor%27s_Tale The Ancestor's Tale Richard Dawkins.

http://video.google.com/videoplay?docid=2074449289114305786 Video introduction by Dawkins.

www.sciencefriday.com/pages/2004/Nov/hour2_111904.html Audio interview with Dawkins.

Cell structure - nucleus and mitochondria

www.cellsalive.com/cells/cell_model.htm Interactive cell showing and describing, in particular, the mitochondria and the nucleus.

www.exploratorium.edu/traits/cell_explorer.html Interactive cell explorer.

Society

Ideas about how humans evolved are constantly changing, as new evidence becomes available. At one time, for instance, some scientists thought modern humans and Neanderthals may have interbred to a significant extent. 

This latest study seems to show that this did not happen, and the two species went their separate ways a long time ago.

The human evolution website at the Museum of Science in Boston (www.mos.org/evolution/main/) says: "As new discoveries are made, the family trees on this web site will change. Science is dynamic and new discoveries are incorporated into what is hypothesized about the world." 

Question for discussion: Does this mean science never gets things right?

(Note: Science and science fiction writer Isaac Asimov once wrote: "When people thought the Earth was flat, they were wrong. When people thought the Earth was spherical they were wrong. But if you think that thinking the Earth is spherical is just as wrong as thinking the Earth is flat, then your view is wronger than both of them put together.")

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

1. www.becominghuman.org/calculating_cousins All life is descended from common ancestors. Students calculate approximate "cousinhood" relationships between humans and non-human primates and several other organisms.

2. http://itotd.com/articles/226/most-recent-common-ancestors/ Chatty intro to Joseph Chang's work on MRCA.

3. 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.

4. 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.

5. 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 unraveling the story of our ancestors.

6. www.teachersdomain.org/resources/tdc02/sci/life/evo/humev/index.html  By exploring both fossil and molecular evidence for human evolution, this video contrasts the ideas of relatives and descendants. It shows our connection to other primates and defines "common ancestor." It explores similarities and differences in DNA sequences between species.

7. www.pbs.org/wgbh/nova/genome/dna.html Zoom in on DNA at 15 different levels.

8. www.pbs.org/wgbh/nova/genome/explore.html Explore a stretch of DNA.

9. www.johnhawks.net/weblog/reviews/neandertals/neandertal_dna/cave_bear_noonan_2005.w Weblog from academic expert on metagenomics.

Links to more links

www.kathimitchell.com/cells.html Numerous activities and tutorials on cells.

Daily tips for running science class discussions and groupwork
The following is taken from the Jigsaw Classroom website at www.jigsaw.org/overview.htm

The jigsaw classroom is a specific cooperative learning technique with a three-decade track record of success. Just as in a jigsaw puzzle, each piece-each student's part-is essential for the completion and full understanding of the final product. If each student's part is essential, then each student is essential; and that is precisely what makes this strategy so effective. 

Here is how it works: The students in a history class, for example, are divided into small groups of five or six students each. Suppose their task is to learn about World War II. In one jigsaw group, Sara is responsible for researching Hitler's rise to power in pre-war Germany. Another member of the group, Steven, is assigned to cover concentration camps; Pedro is assigned Britain's role in the war; Melody is to research the contribution of the Soviet Union; Tyrone will handle Japan's entry into the war; Clara will read about the development of the atom bomb. 

Eventually each student will come back to her or his jigsaw group and will try to present a well-organized report to the group. The situation is specifically structured so that the only access any member has to the other five assignments is by listening closely to the report of the person reciting. Thus, if Tyrone doesn't like Pedro, or if he thinks Sara is a nerd and tunes her out or makes fun of her, he cannot possibly do well on the test that follows. 

To increase the chances that each report will be accurate, the students doing the research do not immediately take it back to their jigsaw group. Instead, they meet first with students who have the identical assignment (one from each jigsaw group). For example, students assigned to the atom bomb topic meet as a team of specialists, gathering information, becoming experts on their topic, and rehearsing their presentations. We call this the "expert" group. It is particularly useful for students who might have initial difficulty learning or organizing their part of the assignment, for it allows them to hear and rehearse with other "experts." 

Once each presenter is up to speed, the jigsaw groups reconvene in their initial heterogeneous configuration. The atom bomb expert in each group teaches the other group members about the development of the atom bomb. Each student in each group educates the whole group about her or his specialty. Students are then tested on what they have learned about World War II from their fellow group member. 

What is the benefit of the jigsaw classroom? First and foremost, it is a remarkably efficient way to learn the material. But even more important, the jigsaw process encourages listening, engagement, and empathy by giving each member of the group an essential part to play in the academic activity. Group members must work together as a team to accomplish a common goal; each person depends on all the others. No student can succeed completely unless everyone works well together as a team. This "cooperation by design" facilitates interaction among all students in the class, leading them to value each other as contributors to their common task.
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