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Resources:

Science news story.

Word bank.

Activity 1: Mixed-up meanings.

Activity 2: Comprehension.

Activity 3: Find the missing word.

Activity 4: What kind of statements?

Activity 5: Topic for group discussion or pupil presentations. 

Links to free activities, lesson plans and background information.

Daily tip for running science class discussions and groupwork.

News
Washington University, St. Louis: 1-Jan-2007 17:00 Eastern US Time, Eurekalert.  

Time future in time past

Memory has been studied for more than a hundred years. But there is another form of mental time-travel. There has been surprisingly little research into how the brain lets us imagine ourselves at future events. 

Now researchers have shown that remembering the past and imagining the future may go hand-in-hand. Each sparks similar patterns of activity in exactly the same brain regions. 

We probably spend more time thinking about what we are going to do than in what we have done, says Karl Szpunar. “But not much is known about how we form these mental images of the future.” 

Szpunar is lead author of the study. He is a psychology doctoral student in Arts & Sciences at Washington University, St. Louis.

“Our findings provide compelling support for the idea that memory and future thought are highly interrelated. They help explain why future thought may be impossible without memories.” 

The study is published online on 1 Jan 2007 in Proceedings of the National Academy of Sciences. The other Washington University co-authors are Jason M. Watson and Kathleen McDermott.

McDermott is principal investigator for the University's Memory and Cognition Lab, where the research was done. She says the findings are notable for two reasons. 

First they show that the network of brain cells used in future thought is not isolated in the brain's frontal cortex, as some researchers suggest.

The frontal cortex plays a well-known role in activities focused on the future, such as anticipation, planning and monitoring. But the spark for these, according to the new research, may be imagining yourself at a future event. This relies on the same distributed network used to retrieve memories of yourself. 

Secondly, patterns of activity in this network suggest that the visual context for our imagined future is pieced together from past experiences. 

These findings offer strong support for a recent theory of memory, McDermott suggests. This says that remembering the past and forming an image of the future use the same mechanisms in the brain. 

Until now this theory has been based on observing young children, cases of depression or brain-damaged people with amnesia. 

People who can't remember the past are also not good at envisioning a personal future, McDermott explains. They understand time. They can think about the future in the abstract - for example that global warming is a concern. 

But they cannot vividly envision themselves at a future scene. 

“The same is true with very small children. They don't remember particularly what happened last month. And they can't tell you much about what they envision happening next week. 

“This is also the case with suicidally depressed people. So, there's this theory that it all goes hand-in-hand. But nobody has looked closely enough to explain exactly how or why this occurs.”

In the new study, researchers used functional magnetic resonance imaging (fMRI). This enabled them to capture patterns of brain activity.  

College students were given 10 seconds to form a vivid mental image of themselves. They were asked to recall events from their past. These included getting lost, spending time with a friend and attending a birthday party.

They were then asked to envision themselves at such an event in the future. Finally they were asked to picture Bill Clinton at such an event. 

This final task was to set up a baseline of brain activity for an event similar to the other two tasks, but without a mental image of oneself in the future. Bill Clinton was chosen because he is easy to visualize.

Researchers found a surprisingly complete overlap among regions of the brain used to remember the past and envision the future. Every region involved in recalling the past was used in envisioning the future. 

In questionnaires after the tests most participants said they placed future images in familiar places, such as home or school. They also pictured familiar people like family and friends. 

This would activate the neural networks used to store and retrieve personal memories. These networks were much less active when they pictured scenes with Bill Clinton. 

The reason, researchers suggest, is that they had no personal memories of Clinton. So images of him came from neural networks used to store general knowledge of the world. 

This study offers a tentative answer to a longstanding question about the evolutionary usefulness of memory, McDermott says. The reason we remember our past in vivid detail is that the same brain processes are needed to imagine ourselves in future scenes. 

“This ability to envision the future has clear and compelling adaptive significance.” 

750 words

Flesch reading ease: 54

Flesch-Kincaid Grade level: 9.2

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
activate
make active

2
adaptive
helping a living thing to be well adapted to its surroundings; providing an evolutionary advantage

3
amnesia
loss of memory

4
anticipation
seeing that something will happen before it does

5
baseline
normal; standard

6
compelling
convincing

7
context
background or setting

8
cortex
outer layer of the brain, used for high-level activities like thinking

9
distributed
spread out

10
envision
form a picture in the mind

11
evolutionary
refers to the development of living things from earlier forms of life through “survival of the fittest”

12
experiences
things that have happened

13
familiar
well-known

14
frontal
at the front

15
functional magnetic resonance imaging (fMRI)
Magnetic resonance imaging is a modern technique that uses a machine to give detailed 3-D images of the insides of a human body, without using harmful radiation. Functional MRI means the technique is being used to get images of blood flow and oxygen levels to different parts of the brain, when the patient performs a task. This can tell a researcher which parts of the brain are being used for that task.

16
global warming
an increase in average temperature over the whole Earth

17
hypothesis
a tentative explanation that leads to predictions that can be tested

18
interrelated
related to each other

19
investigator
someone who finds out as much as possible, usually by following a plan

20
isolated
in one place unconnected to others

21
longstanding
having existed for a long time

22
mechanisms
the chemical or physical processes that cause something

23
monitoring
watching how something is working

24
network
something that has many connecting parts that work together

25
neural
to do with nerves or brain

26
notable
worth noticing

27
participant
someone who takes part

28
pattern
a regular way that something happens

29
principal
main; leading

30
questionnaire
written set of questions 

31
retrieve
get back

32
significance
importance

33
similar
nearly the same as

34
support
evidence for

35
tentative
not definite or certain

36
theory
a set of ideas, concepts, principles or methods used to explain a wide range of observed facts. The word is sometimes used, as here, to mean hypothesis.

37
visual
to do with the sense of sight

38
vivid
bright and clear

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
activate
at the front


2
adaptive
nearly the same as


3
amnesia
evidence for


4
anticipation
an increase in average temperature over the whole Earth


5
baseline
to do with nerves or brain


6
compelling
importance


7
context
a set of ideas, concepts, principles or methods used to explain a wide range of observed facts. The word is sometimes used, as here, to mean hypothesis.


8
cortex
convincing


9
distributed
in one place unconnected to others


10
envision
get back


11
evolutionary
outer layer of the brain, used for high-level activities like thinking


12
experiences
normal; standard


13
familiar
refers to the development of living things from earlier forms of life through “survival of the fittest”


14
frontal
related to each other


15
functional magnetic resonance imaging (fMRI)
someone who finds out as much as possible, usually by following a plan


16
global warming
worth noticing


17
hypothesis
spread out


18
interrelated
helping a living thing to be well adapted to its surroundings; providing an evolutionary advantage


19
investigator
watching how something is working


20
isolated
something that has many connecting parts that work together


21
longstanding
well-known


22
mechanisms
the chemical or physical processes that cause something


23
monitoring
written set of questions 


24
network
make active


25
neural
things that have happened


26
notable
a tentative explanation that leads to predictions that can be tested


27
participant
form a picture in the mind


28
pattern
having existed for a long time


29
principal
seeing that something will happen before it does


30
questionnaire
someone who takes part


31
retrieve
loss of memory


32
significance
main; leading


33
similar
bright and clear


34
support
background or setting


35
tentative
a regular way that something happens


36
theory
not definite or certain


37
visual
to do with the sense of sight


38
vivid
Magnetic resonance imaging is a modern technique that uses a machine to give detailed 3-D images of the insides of a human body, without using harmful radiation. Functional MRI means the technique is being used to get images of blood flow and oxygen levels to different parts of the brain, when the patient performs a task. This can tell a researcher which parts of the brain are being used for that task.


Activity 2

Comprehension 

1. There has been a great deal of research into memory. What other type of “mental time-travel” has been much less studied?

2. What is the main finding of this new research?

3. Some scientists have suggested that only one part of your brain imagines yourself in the future. Which part?

4. Does this latest research support that hypothesis?

5. This new work supports a recent theory of memory: That ___________ the past and forming an image of the ______ use the same mechanisms in the _____.

6. From what three types of people did the evidence for this recent theory come, before the latest research?

7. All three of these types of people have trouble remembering the past. And they also have trouble doing what else?

8. Did this latest research examine the brain activity of people in one of these three groups?

9. What type of people did it study the brain activity of?

10.  The new research supports the theory that remembering the past and forming an image of the future use the same mechanisms in the brain. It does so because it shows that they both spark similar ________ of activity in exactly the same brain _______.

11.  The participants in the study were given three tasks. State two of them.

12. What finding surprised the researchers?

13. How do they explain the finding using the results from the questionnaires?

14. In your own words what is the tentative answer to why memory evolved?

15. Does this mean that if there were no evolutionary advantage to envisioning the future, we would not be able to remember the past at all?

16. Can you think of some way to test this hypothesis?

17. Do we spend more time thinking about the past or the future according to these researchers?

18. Is that an opinion or a research finding?

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.

Time future in time past

Memory has been studied for ____ than a hundred years. But there is another form __ mental time-travel. There has been surprisingly little research into ___ the brain lets us imagine ourselves at future events. 

Now researchers have shown that remembering the past and _________ the future may go hand-in-hand. Each sparks similar patterns __ activity in exactly the same brain regions. 

We probably _____ more time thinking about what we are going to __ than in what we have done, says Karl Szpunar. ____ not much is known about how we form these ______ images of the future.” 

Szpunar is lead author of ___ study. He is a psychology doctoral student in Arts _ Sciences at Washington University, St. Louis.

“Our findings provide compelling _______ for the idea that memory and future thought are ______ interrelated. They help explain why future thought may be __________ without memories.” 

The study is published online on 1 ___ 2007 in Proceedings of the National Academy of Sciences. ___ other Washington University co-authors are Jason M. Watson and ________ McDermott.

McDermott is principal investigator for the University's Memory and _________ Lab, where the research was done. She says the ________ are notable for two reasons. 

First they show that ___ network of brain cells used in future thought is ___ isolated in the brain's frontal cortex, as some researchers _______.

The frontal cortex plays a well-known role in activities _______ on the future, such as anticipation, planning and monitoring. ___ the spark for these, according to the new research, ___ be imagining yourself at a future event. This relies __ the same distributed network used to retrieve memories of ________. 

Secondly, patterns of activity in this network suggest ____ the visual context for our imagined future is pieced ________ from past experiences. 

These findings offer strong support for _ recent theory of memory, McDermott suggests. This says that ___________ the past and forming an image of the future ___ the same mechanisms in the brain. 

Until now this ______ has been based on observing young children, cases of __________ or brain-damaged people with amnesia. 

People who can't remember ___ past are also not good at envisioning a personal ______, McDermott explains. They understand time. They can think _____ the future in the abstract - for example that ______ warming is a concern. 

But they cannot vividly envision __________ at a future scene. 

“The same is true with ____ small children. They don't remember particularly what happened last _____. And they can't tell you much about what ____ envision happening next week. 

“This is also the case ____ suicidally depressed people. So, there's this theory that it ___ goes hand-in-hand. But nobody has looked closely enough to _______ exactly how or why this occurs.”

In the new study, ___________ used functional magnetic resonance imaging (fMRI). This enabled them __ capture patterns of brain activity.  

College students were _____ 10 seconds to form a vivid mental image of __________. They were asked to recall events from their ____. These included getting lost, spending time with a ______ and attending a birthday party.

They were then asked to ________ themselves at such an event in the future. Finally ____ were asked to picture Bill Clinton at such an _____. 

This final task was to set up a ________ of brain activity for an event similar to the _____ two tasks, but without a mental image of oneself __ the future. Bill Clinton was chosen because he is ____ to visualize.

Researchers found a surprisingly complete overlap among regions __ the brain used to remember the past and envision ___ future. Every region involved in recalling the past was ____ in envisioning the future. 

In questionnaires after the tests ____ participants said they placed future images in familiar places, ____ as home or school. They also pictured familiar people ____ family and friends. 

This would activate the neural networks ____ to store and retrieve personal memories. These networks were ____ less active when they pictured scenes with Bill Clinton.

The reason, researchers suggest, is that they had no ________ memories of Clinton. So images of him came from ______ networks used to store general knowledge of the world.

This study offers a tentative answer to a longstanding ________ about the evolutionary usefulness of memory, McDermott says. The ______ we remember our past in vivid detail is that ___ same brain processes are needed to imagine ourselves in ______ scenes. 

“This ability to envision the future has clear ___ compelling adaptive significance.” 

These are all the words that belong in the blanks:
&, “But, a, about, all, and, baseline, But, Cognition, depression, do, easy, envision, event, explain, findings, focused, friend, future, future, given, global, highly, how, imagining, impossible, in, Jan, Kathleen, like, may, mental, month, more, most, much, neural, not, of, of, of, on, other, past, personal, question, reason, remembering, researchers, spend, such, suggest, support, that, the, The, the, the, the, the, themselves, themselves, theory, they, they, to, together, use, used, used, very, with, yourself

Answer Key:

Time future in time past

Memory has been studied for more than a hundred years. But there is another form of mental time-travel. There has been surprisingly little research into how the brain lets us imagine ourselves at future events. 

Now researchers have shown that remembering the past and imagining the future may go hand-in-hand. Each sparks similar patterns of activity in exactly the same brain regions. 

We probably spend more time thinking about what we are going to do than in what we have done, says Karl Szpunar. “But not much is known about how we form these mental images of the future.” 

Szpunar is lead author of the study. He is a psychology doctoral student in Arts & Sciences at Washington University, St. Louis.

“Our findings provide compelling support for the idea that memory and future thought are highly interrelated. They help explain why future thought may be impossible without memories.” 

The study is published online on 1 Jan 2007 in Proceedings of the National Academy of Sciences. The other Washington University co-authors are Jason M. Watson and Kathleen McDermott.

McDermott is principal investigator for the University's Memory and Cognition Lab, where the research was done. She says the findings are notable for two reasons. 

First they show that the network of brain cells used in future thought is not isolated in the brain's frontal cortex, as some researchers suggest.

The frontal cortex plays a well-known role in activities focused on the future, such as anticipation, planning and monitoring. But the spark for these, according to the new research, may be imagining yourself at a future event. This relies on the same distributed network used to retrieve memories of yourself. 

Secondly, patterns of activity in this network suggest that the visual context for our imagined future is pieced together from past experiences. 

These findings offer strong support for a recent theory of memory, McDermott suggests. This says that remembering the past and forming an image of the future use the same mechanisms in the brain. 

Until now this theory has been based on observing young children, cases of depression or brain-damaged people with amnesia. 

People who can't remember the past are also not good at envisioning a personal future, McDermott explains. They understand time. They can think about the future in the abstract - for example that global warming is a concern. 

But they cannot vividly envision themselves at a future scene. 

“The same is true with very small children. They don't remember particularly what happened last month. And they can't tell you much about what they envision happening next week. 

“This is also the case with suicidally depressed people. So, there's this theory that it all goes hand-in-hand. But nobody has looked closely enough to explain exactly how or why this occurs.”

In the new study, researchers used functional magnetic resonance imaging (fMRI). This enabled them to capture patterns of brain activity.  

College students were given 10 seconds to form a vivid mental image of themselves. They were asked to recall events from their past. These included getting lost, spending time with a friend and attending a birthday party.

They were then asked to envision themselves at such an event in the future. Finally they were asked to picture Bill Clinton at such an event. 

This final task was to set up a baseline of brain activity for an event similar to the other two tasks, but without a mental image of oneself in the future. Bill Clinton was chosen because he is easy to visualize.

Researchers found a surprisingly complete overlap among regions of the brain used to remember the past and envision the future. Every region involved in recalling the past was used in envisioning the future. 

In questionnaires after the tests most participants said they placed future images in familiar places, such as home or school. They also pictured familiar people like family and friends. 

This would activate the neural networks used to store and retrieve personal memories. These networks were much less active when they pictured scenes with Bill Clinton. 

The reason, researchers suggest, is that they had no personal memories of Clinton. So images of him came from neural networks used to store general knowledge of the world. 

This study offers a tentative answer to a longstanding question about the evolutionary usefulness of memory, McDermott says. The reason we remember our past in vivid detail is that the same brain processes are needed to imagine ourselves in future scenes. 

“This ability to envision the future has clear and compelling adaptive significance.” 

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
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.)
Time future in time past

Memory has been studied for more than a hundred years. But there is another form of mental time-travel. There has been surprisingly little research into how the brain lets us imagine ourselves at future events. 

Now researchers have shown that remembering the past and imagining the future may go hand-in-hand. Each sparks similar patterns of activity in exactly the same brain regions. 

We probably spend more time thinking about what we are going to do than in what we have done, says Karl Szpunar. “But not much is known about how we form these mental images of the future.” 

Szpunar is lead author of the study. He is a psychology doctoral student in Arts & Sciences at Washington University, St. Louis.

“Our findings provide compelling support for the idea that memory and future thought are highly interrelated. They help explain why future thought may be impossible without memories.” 

The study is published online on 1 Jan 2007 in Proceedings of the National Academy of Sciences. The other Washington University co-authors are Jason M. Watson and Kathleen McDermott.

McDermott is principal investigator for the University's Memory and Cognition Lab, where the research was done. She says the findings are notable for two reasons. 

First they show that the network of brain cells used in future thought is not isolated in the brain's frontal cortex, as some researchers suggest.

The frontal cortex plays a well-known role in activities focused on the future, such as anticipation, planning and monitoring. But the spark for these, according to the new research, may be imagining yourself at a future event. This relies on the same distributed network used to retrieve memories of yourself. 

Secondly, patterns of activity in this network suggest that the visual context for our imagined future is pieced together from past experiences. 

These findings offer strong support for a recent theory of memory, McDermott suggests. This says that remembering the past and forming an image of the future use the same mechanisms in the brain. 

Until now this theory has been based on observing young children, cases of depression or brain-damaged people with amnesia. 

People who can't remember the past are also not good at envisioning a personal future, McDermott explains. They understand time. They can think about the future in the abstract - for example that global warming is a concern. 

But they cannot vividly envision themselves at a future scene. 

“The same is true with very small children. They don't remember particularly what happened last month. And they can't tell you much about what they envision happening next week. 

“This is also the case with suicidally depressed people. So, there's this theory that it all goes hand-in-hand. But nobody has looked closely enough to explain exactly how or why this occurs.”

In the new study, researchers used functional magnetic resonance imaging (fMRI). This enabled them to capture patterns of brain activity.  

College students were given 10 seconds to form a vivid mental image of themselves. They were asked to recall events from their past. These included getting lost, spending time with a friend and attending a birthday party.

They were then asked to envision themselves at such an event in the future. Finally they were asked to picture Bill Clinton at such an event. 

This final task was to set up a baseline of brain activity for an event similar to the other two tasks, but without a mental image of oneself in the future. Bill Clinton was chosen because he is easy to visualize.

Researchers found a surprisingly complete overlap among regions of the brain used to remember the past and envision the future. Every region involved in recalling the past was used in envisioning the future. 

In questionnaires after the tests most participants said they placed future images in familiar places, such as home or school. They also pictured familiar people like family and friends. 

This would activate the neural networks used to store and retrieve personal memories. These networks were much less active when they pictured scenes with Bill Clinton. 

The reason, researchers suggest, is that they had no personal memories of Clinton. So images of him came from neural networks used to store general knowledge of the world. 

This study offers a tentative answer to a longstanding question about the evolutionary usefulness of memory, McDermott says. The reason we remember our past in vivid detail is that the same brain processes are needed to imagine ourselves in future scenes. 

“This ability to envision the future has clear and compelling adaptive significance.” 

Activity 5
Topics for group discussion or pupil presentations

Compare human memory and computer memory. What are the key differences and similarities? 

Starting points:

http://encarta.msn.com/encnet/Features/Columns/?article=memorymain
http://skepdic.com/memory.html
www.howstuffworks.com/computer-memory.htm

Links to free activities, lesson plans and background information.

1. http://serendip.brynmawr.edu/bb/kinser/Home1.html Have you ever wondered what makes humans different from rats, or wanted to see a cerebellum? Have you ever looked at a frog and wondered if it has a cortex? Do you want to know how intelligence is defined? From Serendip.

2. www.exploratorium.edu/memory/index.html Online memory exhibition. From Exploratorium.

3. http://school.discovery.com/lessonplans/programs/brainpower/ Activity-based lesson from Discovery School: The brain, short- and long-term memory, intelligence, training: “A variety of strategies can be used to train the brain to hold more data…”

4. http://school.discovery.com/lessonplans/activities/mindovermatter/ Mind over matter: how does the brain work? Activities and investigations for older pupils. Discovery School.

5. http://school.discovery.com/lessonplans/programs/thebrain-evolution/ Brain watching. Research and activities for older pupils on brain structure and imaging. Discovery School.

6. http://thebrain.mcgill.ca/flash/d/d_07/d_07_p/d_07_p_tra/d_07_p_tra.html How memory works. Psychology. McGill University.

7. http://thebrain.mcgill.ca/flash/d/d_07/d_07_cr/d_07_cr_tra/d_07_cr_tra.html How memory works. Neurology. McGill University.

8. http://web.mit.edu/newsoffice/2002/aaas1-0227.html Using brain imaging, researchers see new memories form.

9. http://whyfiles.org/184make_memory/index.html The Why Files on memory.

10. http://serendip.brynmawr.edu/bb/sourcemon/index.html Take part in online memory experiment.

11. http://plato.stanford.edu/entries/memory/ Philosophy of remembering.

Links to more links

http://thebrain.mcgill.ca/flash/index_d.html The brain from top to bottom.

www.fi.edu/brain/index.htm Get to know your brain. Franklin Institute.

http://serendip.brynmawr.edu/bb/kinser/Links.html

Daily tip for science class discussions and groupwork

In project-based learning, students work in teams to explore real-world problems and create presentations to share what they have learned. Compared with learning solely from textbooks, this approach has many benefits for students, including: 

• Deeper knowledge of subject matter; 

• Increased self-direction and motivation; 

• Improved research and problem-solving skills.

A growing body of academic research supports the use of project-based learning in schools as a way to engage students, cut absenteeism, boost cooperative learning skills, and improve test scores. Those benefits are enhanced when technology is used in a meaningful way in the projects. 
From the George Lucas Educational Foundation:

www.exhibithall.org/php/article.php?id=Art_887&key=037

[image: image1.png]


real   science


