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News
Washington University: 16-Apr-2007 
Soft landing

Scientists at Washington University, with the help of a keen-eyed student, are paving the way for the Phoenix Mission to make a smooth landing on Mars.

The team has been analysing images of the surface of the red planet. Their aim is to make sure the Phoenix, which is due to launch in August, lands in a rock-free spot on the northern plains of Mars.

The craft has to land in a place that won’t have steep slopes or big rocks, said Raymond Arvidson, professor in arts and sciences, and chair of the Washington University earth and planetary sciences department. 

“We've been looking for locations big enough and homogeneous enough for a high probability of a successful landing. The issue isn't slopes. The issue is rocks.”

If the lander came down in a place with rocks as big as itself, the whole craft could tilt or tip over. Another problem is the craft's solar panels. Big rocks would stop these unfurling. Without solar power, which drives seven Phoenix mission instruments, there isn't much of a mission.

At the heart of the painstaking task of finding a smooth landing is a 21-year-old student at Washington University. Tabatha Heet began working with Arvidson as a work-study student in 2005. She started counting Martian rocks in October 2006.

“Ray asked if I would count some rocks in the original landing area, and I got started, thinking it was going to be a one-time thing,” said Heet. “But it's turned into a big project. I've counted thousands of rocks now.”

Arvidson and his colleagues had settled on a region called Region B for the future landing. But images from an instrument called HIRISE, a feature of the Mars Reconnaissance Orbiter Mission, made them think again.

“The first images for Region B were scary,” Arvidson said. “There are rocks there bigger than the lander – too many big rocks sitting on craters to fit in a landing site.”

With the help of HIRISE images, they looked elsewhere. Heet produced data on the abundance of rocks at different places on the northern plains. This allowed the mission scientists to “zero in on the safe havens”, Arvidson said.

Heet used a software package called ENVI. This shows images and makes measurements.

“All you have to do is draw a line on the image,” she said. “Then ENVI will tell you how long the line is in meters. I go through the image and pick just a small area, because the HIRISE images are too big for one person to count. I'll make a little subset and then go count every rock in the subset, just by drawing a line where I see the shadow of the rock.

“It's very slow and makes your eyes go crazy.”

She counted rocks in little areas of the large images. She then made cumulative frequency plots. These showed the number of rocks bigger than any given diameter. 

Heet flew out to the Jet Propulsion Laboratory in February. She received a warm round of applause at her introduction to JPL researchers. They questioned her on her technique and stamina. Later, she met a team of automated rock counters who “aggressively” questioned the way she had been counting rocks. 

At the meeting, the automated rock counters calibrated their computed numbers to Heet's hand counts. They are considered ‘ground truth,’ on which all later data are based. She has since corresponded with the group regularly to help make the automated counts more precise.

The automated rock counters map the shape of the shadows, said Arvidson. “From knowing where the sun is, they can compute the rock height and width. 

“But they need very intense validation. Tab was the point contact for all of that. We've cross-calibrated against the automated counts, because the hand-derived ones are considered anchors.

A human can do a better job with fewer errors “as long as the person is not fatigued”, he added. 

Heet's work has led to the discovery of several possible landing sites. These have at least ten times fewer rocks than the original Region B. They include one desirable location 50 kilometres wide and 250 meters deep. The scientists call it Green Valley.

As data come in from the actual mission, Heet will be at JPL, gathering and interpreting the data, Arvidson said. Just as former Rhodes scholar Bethany Ehlmann, now pursuing a PhD at Brown University, did for the Mars Exploration Rover.

After all her dedicated, painstaking work, Heet often thinks of the mission and the thrill of the Phoenix launch and landing.

“I will certainly be excited when Phoenix launches. I will also probably feel a little bit of pride knowing that I helped make the launch possible. I suspect I'll be slightly nervous when Phoenix is landing, wondering if I did something wrong and am going to be responsible for making Phoenix crash in a field of huge boulders. Once the lander is on the surface it will be interesting to find out just how accurate all of our predictions were.

“I'm looking forward to it all.”

850 words

Flesch reading ease: 65

Flesch-Kincaid Grade level: 7.6

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
abundance
how many there are

2
aggressively
forcefully

3
analyse
study the parts something is made of, and how they work together

4
automated
working on its own

5
calibrate
set the values of unknown numbers in a calculation using known measurements

6
colleagues
people who work together

7
compute
calculate 

8
correspond
write letters or emails regularly

9
cumulative frequency plot
a chart that shows, for a range of measurements, how often a value greater or less than each of them was found

10
data
pieces of information; measurements

11
dedicated
single-minded; committed to a job

12
haven
safe place 

13
homogeneous
made of people or things of the same kind

14
interpret
explain what something means

15
location
place where something is

16
original
existing from the start; earliest

17
painstaking
very careful and thorough

18
planetary
about one of the large bodies, like the Earth, that move around the sun

19
precise
exact; very clear

20
probability
likelihood

21
solar panel
set of solar cells; these produce electricity from sunlight

22
stamina
staying power; strength and ability to put up with pain or hard effort for a long time

23
subset
set that forms part of a larger set

24
technique
way of doing something with skill

25
unfurl
unroll; spread out

26
validation
confirming that something is sound and trustworthy

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
abundance
pieces of information; measurements


2
aggressively
working on its own


3
analyse
study the parts something is made of, and how they work together


4
automated
how many there are


5
calibrate
people who work together


6
colleagues
existing from the start; earliest


7
compute
very careful and thorough


8
correspond
a chart that shows, for a range of measurements, how often a value greater or less than each of them was found


9
cumulative frequency plot
about one of the large bodies, like the Earth, that move around the sun


10
data
set that forms part of a larger set


11
dedicated
confirming that something is sound and trustworthy


12
haven
unroll; spread out


13
homogeneous
made of people or things of the same kind


14
interpret
write letters or emails regularly


15
location
safe place 


16
original
set the values of unknown numbers in a calculation using known measurements


17
painstaking
way of doing something with skill


18
planetary
forcefully


19
precise
explain what something means


20
probability
place where something is


21
solar panel
exact; very clear


22
stamina
set of solar cells; these produce electricity from sunlight


23
subset
calculate 


24
technique
single-minded; committed to a job


25
unfurl
likelihood


26
validation
staying power; strength and ability to put up with pain or hard effort for a long time


Activity 2

Comprehension 

1. What have the scientists been analysing?

2. What was their aim?

3. When does Phoenix launch?

4. What two things do the scientists want to make sure are not present at the place where Phoenix will land?

5. Of the two of these which is the more important?

6. What two problems could these cause?

7. Explain in your own words why the writer says that without solar power “there wouldn’t be much of a mission”.

8. Who has been counting the rocks?

9. Where is she a student?

10. What was the problem with the chosen landing site for Phoenix?

11. How did the scientists discover this problem?

12. Did they stay with that landing site or search for another?

13. Whereabouts on Mars were they looking for a landing site?

14. Tabatha used a software package in her work. Did this actually count rocks for her, or did she have to do that herself?

15. Justify your last answer. This means point out the words in the story that led you to the answer.

16. Why does the work make “your eyes go crazy”?

17. What kind of charts did Tabatha use to show the results of her rock-counting?

18. What was the main difference between the way Tabatha counted rocks and the way the automated rock counters did it?

19. Which way was more accurate?

20. Justify your last answer.

21. Complete this sentence in just a few words: A human can do a better job of counting rocks with fewer errors, unless …

22. Tabatha’s work has helped discover several landing sites better than Region B. In what way are they better?

23. Are they slightly better or a lot better?

24. How do you know?

25. Name one of these better sites.

26. What emotions do you think Tabatha will feel when Phoenix is about to land?

27. Which of these emotions, if it was you, do you think you would feel most strongly?

28. In one sentence explain why that emotion would be strongest for you.

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.

Soft landing

Scientists at Washington University, with the help of a keen-eyed student, are ______ the way for the Phoenix Mission to make _ smooth landing on Mars.

The team has been _________ images of the surface of the red planet. Their ___ is to make sure the Phoenix, which is due __ launch in August, lands in a rock-free spot on ___ northern plains of Mars.

The craft has to land in _ place that won't have steep slopes or big rocks, ____ Raymond Arvidson, professor in arts and sciences, and chair __ the Washington University earth and planetary sciences department. 

“We've ____ looking for locations big enough and homogeneous enough for _ high probability of a successful landing. The issue isn't ______. The issue is rocks.”

If the lander came down __ a place with rocks as big as itself, ___ whole craft could tilt or tip over. Another problem __ the craft's solar panels. Big rocks would stop _____ unfurling. Without solar power, which drives seven Phoenix mission ___________, there isn't much of a mission.

At the heart __ the painstaking task of finding a smooth landing is _ 21-year-old student at Washington University. Tabatha Heet began working ____ Arvidson as a work-study student in 2005. She started ________ Martian rocks in October 2006.

“Ray asked if I would _____ some rocks in the original landing area, and I ___ started, thinking it was going to be a one-time _____,” said Heet. “But it's turned into a big _______. I've counted thousands of rocks now.”

Arvidson and his __________ had settled on a region called Region B for ___ future landing. But images from an instrument called HIRISE, _ feature of the Mars Reconnaissance Orbiter Mission, made them _____ again.

“The first images for Region B were scary,” Arvidson ____. “There are rocks there bigger than the lander – too many big rocks sitting on craters to fit __ a landing site.”

With the help of HIRISE images, they looked _________. Heet produced data on the abundance of rocks __ different places on the northern plains. This allowed the _______ scientists to “zero in on the safe havens”, Arvidson ____.

Heet used a software package called ENVI. This shows ______ and makes measurements.

“All you have to do is draw _ line on the image,” she said. “Then ENVI will ____ you how long the line is in meters. I __ through the image and pick just a small area, _______ the HIRISE images are too big for one person __ count. I'll make a little subset and then go _____ every rock in the subset, just by drawing a ____ where I see the shadow of the rock.

“It's very ____ and makes your eyes go crazy.”

She counted rocks in ______ areas of the large images. She then made cumulative _________ plots. These showed the number of rocks bigger than ___ given diameter. 

Heet flew out to the Jet Propulsion __________ in February. She received a warm round of applause __ her introduction to JPL researchers. They questioned her on ___ technique and stamina. Later, she met a team of _________ rock counters who “aggressively” questioned the way she had ____ counting rocks. 

At the meeting, the automated rock counters __________ their computed numbers to Heet's hand counts. They are __________ ‘ground truth,’ on which all later data are based. ___ has since corresponded with the group regularly to help ____ the automated counts more precise.

The automated rock counters map ___ shape of the shadows, said Arvidson. “From knowing where ___ sun is, they can compute the rock height and _____. 

“But they need very intense validation. Tab was ___ point contact for all of that. We've cross-calibrated against ___ automated counts, because the hand-derived ones are considered anchors.

A _____ can do a better job with fewer errors “as ____ as the person is not fatigued”, he added. 

Heet's ____ has led to the discovery of several possible landing _____. These have at least ten times fewer rocks ____ the original Region B. They include one desirable location __ kilometers wide and 250 meters deep. The scientists call __ Green Valley.

As data come in from the actual mission, ____ will be at JPL, gathering and interpreting the data, Arvidson ____. Just as former Rhodes scholar Bethany Ehlmann, now ________ a PhD at Brown University, did for the Mars ___________ Rover.

After all her dedicated, painstaking work, Heet often thinks __ the mission and the thrill of the Phoenix launch ___ landing.

“I will certainly be excited when Phoenix launches. I ____ also probably feel a little bit of pride knowing ____ I helped make the launch possible. I suspect I'll __ slightly nervous when Phoenix is landing, wondering if I ___ something wrong and am going to be responsible for ______ Phoenix crash in a field of huge boulders. Once ___ lander is on the surface it will be interesting __ find out just how accurate all of our predictions ____.

“I'm looking forward to it all.”

These are all the words that belong in the blanks:
50, a, a, a, a, a, a, aim, analysing, and, any, at, at, automated, be, because, been, been, calibrated, colleagues, considered, count, count, counting, did, elsewhere, Exploration, frequency, go, got, Heet, her, human, images, in, in, instruments, is, it, Laboratory, line, little, long, make, making, mission, of, of, of, paving, project, pursuing, said, said, said, said, She, sites, slopes, slow, tell, than, that, the, the, the, the, the, the, the, the, these, thing, think, to, to, to, were, width, will, with, work

Answer Key:

Soft landing

Scientists at Washington University, with the help of a keen-eyed student, are paving the way for the Phoenix Mission to make a smooth landing on Mars.

The team has been analysing images of the surface of the red planet. Their aim is to make sure the Phoenix, which is due to launch in August, lands in a rock-free spot on the northern plains of Mars.
The craft has to land in a place that won't have steep slopes or big rocks, said Raymond Arvidson, professor in arts and sciences, and chair of the Washington University earth and planetary sciences department. 

“We've been looking for locations big enough and homogeneous enough for a high probability of a successful landing. The issue isn't slopes. The issue is rocks.”

If the lander came down in a place with rocks as big as itself, the whole craft could tilt or tip over. Another problem is the craft's solar panels. Big rocks would prevent stop these unfurling. Without solar power, which drives seven Phoenix mission instruments, there isn't much of a mission.

At the heart of the painstaking task of finding a smooth landing is a 21-year-old student at Washington University. Tabatha Heet began working with Arvidson as a work-study student in 2005. She started counting Martian rocks in October 2006.

“Ray asked if I would count some rocks in the original landing area, and I got started, thinking it was going to be a one-time thing,” said Heet. “But it's turned into a big project. I've counted thousands of rocks now.”

Arvidson and his colleagues had settled on a region called Region B for the future landing. But images from an instrument called HIRISE, a feature of the Mars Reconnaissance Orbiter Mission, made them think again.

“The first images for Region B were scary,” Arvidson said. “There are rocks there bigger than the lander - too many big rocks sitting on craters to fit in a landing site.”

With the help of HIRISE images, they looked elsewhere. Heet produced data on the abundance of rocks at different places on the northern plains. This allowed the mission scientists to “zero in on the safe havens”, Arvidson said.

Heet used a software package called ENVI. This shows images and makes measurements.

“All you have to do is draw a line on the image,” she said. “Then ENVI will tell you how long the line is in meters. I go through the image and pick just a small area, because the HIRISE images are too big for one person to count. I'll make a little subset and then go count every rock in the subset, just by drawing a line where I see the shadow of the rock.

“It's very slow and makes your eyes go crazy.”

She counted rocks in little areas of the large images. She then made cumulative frequency plots. These showed the number of rocks bigger than any given diameter. 

Heet flew out to the Jet Propulsion Laboratory in February. She received a warm round of applause at her introduction to JPL researchers. They questioned her on her technique and stamina. Later, she met a team of automated rock counters who “aggressively” questioned the way she had been counting rocks. 

At the meeting, the automated rock counters calibrated their computed numbers to Heet's hand counts. They are considered ‘ground truth,’ on which all later data are based. She has since corresponded with the group regularly to help make the automated counts more precise.

The automated rock counters map the shape of the shadows, said Arvidson. “From knowing where the sun is, they can compute the rock height and width. 

“But they need very intense validation. Tab was the point contact for all of that. We've cross-calibrated against the automated counts, because the hand-derived ones are considered anchors.

A human can do a better job with fewer errors “as long as the person is not fatigued”, he added. 

Heet's work has led to the discovery of several possible landing sites. These have at least ten times fewer rocks than the original Region B. They include one desirable location 50 kilometers wide and 250 meters deep. The scientists call it Green Valley.

As data come in from the actual mission, Heet will be at JPL, gathering and interpreting the data, Arvidson said. Just as former Rhodes scholar Bethany Ehlmann, now pursuing a PhD at Brown University, did for the Mars Exploration Rover.

After all her dedicated, painstaking work, Heet often thinks of the mission and the thrill of the Phoenix launch and landing.

“I will certainly be excited when Phoenix launches. I will also probably feel a little bit of pride knowing that I helped make the launch possible. I suspect I'll be slightly nervous when Phoenix is landing, wondering if I did something wrong and am going to be responsible for making Phoenix crash in a field of huge boulders. Once the lander is on the surface it will be interesting to find out just how accurate all of our predictions were.

“I'm looking forward to it all.”

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/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.)

Soft landing

Scientists at Washington University, with the help of a keen-eyed student, are paving the way for the Phoenix Mission to make a smooth landing on Mars.

The team has been analysing images of the surface of the red planet. Their aim is to make sure the Phoenix, which is due to launch in August, lands in a rock-free spot on the northern plains of Mars.
The craft has to land in a place that won’t have steep slopes or big rocks, said Raymond Arvidson, professor in arts and sciences, and chair of the Washington University earth and planetary sciences department. 

“We've been looking for locations big enough and homogeneous enough for a high probability of a successful landing. The issue isn't slopes. The issue is rocks.”

If the lander came down in a place with rocks as big as itself, the whole craft could tilt or tip over. Another problem is the craft's solar panels. Big rocks would stop these unfurling. Without solar power, which drives seven Phoenix mission instruments, there isn't much of a mission.

At the heart of the painstaking task of finding a smooth landing is a 21-year-old student at Washington University. Tabatha Heet began working with Arvidson as a work-study student in 2005. She started counting Martian rocks in October 2006.

“Ray asked if I would count some rocks in the original landing area, and I got started, thinking it was going to be a one-time thing,” said Heet. “But it's turned into a big project. I've counted thousands of rocks now.”

Arvidson and his colleagues had settled on a region called Region B for the future landing. But images from an instrument called HIRISE, a feature of the Mars Reconnaissance Orbiter Mission, made them think again.

“The first images for Region B were scary,” Arvidson said. “There are rocks there bigger than the lander – too many big rocks sitting on craters to fit in a landing site.”

With the help of HIRISE images, they looked elsewhere. Heet produced data on the abundance of rocks at different places on the northern plains. This allowed the mission scientists to “zero in on the safe havens”, Arvidson said.

Heet used a software package called ENVI. This shows images and makes measurements.

“All you have to do is draw a line on the image,” she said. “Then ENVI will tell you how long the line is in meters. I go through the image and pick just a small area, because the HIRISE images are too big for one person to count. I'll make a little subset and then go count every rock in the subset, just by drawing a line where I see the shadow of the rock.

“It's very slow and makes your eyes go crazy.”

She counted rocks in little areas of the large images. She then made cumulative frequency plots. These showed the number of rocks bigger than any given diameter. 

Heet flew out to the Jet Propulsion Laboratory in February. She received a warm round of applause at her introduction to JPL researchers. They questioned her on her technique and stamina. Later, she met a team of automated rock counters who “aggressively” questioned the way she had been counting rocks. 

At the meeting, the automated rock counters calibrated their computed numbers to Heet's hand counts. They are considered ‘ground truth,’ on which all later data are based. She has since corresponded with the group regularly to help make the automated counts more precise.

The automated rock counters map the shape of the shadows, said Arvidson. “From knowing where the sun is, they can compute the rock height and width. 

“But they need very intense validation. Tab was the point contact for all of that. We've cross-calibrated against the automated counts, because the hand-derived ones are considered anchors.

A human can do a better job with fewer errors “as long as the person is not fatigued”, he added. 

Heet's work has led to the discovery of several possible landing sites. These have at least ten times fewer rocks than the original Region B. They include one desirable location 50 kilometres wide and 250 meters deep. The scientists call it Green Valley.

As data come in from the actual mission, Heet will be at JPL, gathering and interpreting the data, Arvidson said. Just as former Rhodes scholar Bethany Ehlmann, now pursuing a PhD at Brown University, did for the Mars Exploration Rover.

After all her dedicated, painstaking work, Heet often thinks of the mission and the thrill of the Phoenix launch and landing.

“I will certainly be excited when Phoenix launches. I will also probably feel a little bit of pride knowing that I helped make the launch possible. I suspect I'll be slightly nervous when Phoenix is landing, wondering if I did something wrong and am going to be responsible for making Phoenix crash in a field of huge boulders. Once the lander is on the surface it will be interesting to find out just how accurate all of our predictions were.

“I'm looking forward to it all.”

Activity 5
Topics for group discussion or pupil presentations

1. Research and present current and past thinking about the chances of finding life on Mars.

2. In groups discuss what effect the discovery of life on other planets would have on how people think about science. Would the subject become more popular? Would religions with their view that humans are special disappear? Would the answers to these two questions be different if the extraterrestrial life we discovered were intelligent beings like us or “just” micro-organisms? 

3. There are now scientists called astrobiologists who aim to discover if there is life on other planets, by analysing the light that comes from them. Amazingly they are working towards doing this for planets around other stars, as well as in our own solar system. Separating the light of these “exoplanets” and the light of their star has been compared to separating a candle 1000 kilometres away from a lighthouse beside it. Students should read the interview with Giovanna Tinetti at http://www.scientificblogging.com/douglasblane/searching_for_life_on_other_worlds then discuss and explain what an astrobiologist actually does.

Links to free activities, resources and lessons

http://phoenix.lpl.arizona.edu/mission.php Phoenix mission homepage. Scheduled for launch in August 2007, the Phoenix Mars Mission is designed to study the history of water and habitability potential in the Martian Arctic’s ice-rich soil.

http://phoenix.lpl.arizona.edu/classroom.php The Phoenix Classroom. Activities and materials to aid understanding of fundamental concepts in science, technology, engineering and mathematics. Includes programs for teacher and student participation.

http://phoenix.lpl.arizona.edu/ask.php Ask the Phoenix Mars Mission team a question. 

http://phoenix.lpl.arizona.edu/exhibit.php “Spacecraft visiting Mars have returned intriguing images of the surface of the Red Planet for over forty years. Many of these images suggest liquid water once flowed on the surface of Mars. The online video Mars: The Search for Water, the Search for Life looks at some of these images, compares them to similar features on Earth, and looks at the consequences of finding liquid water on Mars.

http://phoenix.lpl.arizona.edu/pdf/fact_sheet.pdf Phoenix mission fact sheet.

http://phoenix.lpl.arizona.edu/mars101.php Introduction to what we know and hope to discover about Mars. Learn about the Red Planet by comparing similarities and differences to Earth.

http://phoenix.lpl.arizona.edu/edu_psip.php The Phoenix Student Interns Program is an opportunity for high school teachers and students to become part of the science team for the 2007-2008 Phoenix Mars Lander Mission. Selected teachers and students will work with scientists to prepare for surface operations on Mars, analyse data during the mission, and reach out to other students, teachers, and the public through presentations, articles, and web sites. Apply by April 25, 2007
http://www.learner.org/channel/courses/learningmath/data/session2/index.html Learn how to organise data in a cumulative frequency table. 

http://www.pbs.org/safarchive/4_class/45_pguides/pguide_1005/44105_space.html Design, construct and test an original model of a bouncing lander. Hold a classroom contest to see which landers work best to keep the cargo from breaking.

Links to more links

http://phoenix.lpl.arizona.edu/games.php  Space games and quizzes.

Daily tip for science class discussions and groupwork

Only exceptional lecturers are capable of holding students' attention for an entire lecture period. It is even more difficult to provide adequate opportunity for students to critically think through the arguments being developed. Consequently, lectures simply reinforce students' feelings that the most important step in mastering the material is memorizing a zoo of apparently unrelated examples.

In order to address these misconceptions about learning, we developed a method, Peer Instruction, which involves students in their own learning during lecture and focuses their attention on underlying concepts. Lectures are interspersed with conceptual questions, called ConcepTests, designed to expose common difficulties in understanding the material. The students are given one to two minutes to think about the question and formulate their own answers; they then spend two to three minutes discussing their answers in groups of three to four, attempting to reach consensus on the correct answer. This process forces the students to think through the arguments being developed, and enables them (as well as the instructor) to assess their understanding of the concepts even before they leave the classroom.

From Peer Instruction at http://mazur-www.harvard.edu/research/detailspage.php?ed=1&rowid=8
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