Teaching Exercises – Understanding Global Warming and Change Through Time through Interactive Engagement with Authentic Data

Ed Nuhfer California, Director of Faculty Development State University at Channel Islands

After attending the "New Tools..." workshop and getting a chance to talk with the experts who presented there, it seemed to confirm my experience that computer visualizations that teach the frameworks of reasoning for understanding change through time seem scarce in comparisons with those that teach spatial reasoning and three-dimensional thinking. Before the workshop, I was not certain this was the case.

Computer-generated animations that currently focus on change through time bring awareness of the dynamic nature of our planet over deep time. Those available from Chris Scotese <http://www.scotese.com/> are beautiful examples, and they can be shown on any computer with minimal investment in software or time. However, these show-and-tell illustrations do not provide immersion in reflection and practice needed to develop competency. We do have good examples for such reflection and practice in spatial thinking, and among the best I've found are the "Interactive 3D Geologic Blocks" developed by one of the "New Tools" convenors, Dr. Stephen Reynolds <http://reynolds.asu.edu/>. We need something similar for temporal reasoning that Reynold's models contribute to developing spatial skills. 

Scotese's examples with temporal components mentioned above are animations generated from huge authentic data sets. They show change across deep time dramatically, yet they are not designed to teach the framework of reasoning required to analyze temporal qualities beyond age and order/sequence of events. Additional qualities that need to be taught are durations, frequencies, magnitudes, patterns, and rates in events (Nuhfer and Mossbrucker, 2007). 

One of the most valuable geological concepts to understand is change through time, and this understanding should occur in the freshman general education course, because understanding of humanity's place in deep time is certainly on a par with humanity's understanding of spatial concepts. However, temporal qualities are part of every endeavor, so understanding learned from geological cases has immense benefit to those with interests that are far from the geosciences. In our classrooms every day, temporal qualities manifesting in our teaching and learning endeavors become obvious when we become attuned to temporal perception (Nuhfer, 2006a, b). 

Authentic data sets don't have to be presented in a high tech way to allow students to learn important temporal concepts, but I would certainly love to see such computer animations produced. I lack both the technical skill and time available in my job to create these, so my contribution here lies in outlining the concepts I believe should be included in such animations. 

For teaching change through time, a single summary graph on a sheet of paper can yield varied degrees of understanding, depending upon the teaching activity chosen. I chose a very rich graphic from the Geological Society of America Special Paper 276 on Elk Lake (Bradbury and Dean, 1993). The figure provides all the temporal qualities stressed above and offers some at scales that range from semi-annual to tens of thousands of years. The data summarized in this graphic focus on natural climate changes within the time of human existence. For this reason, it can be used to understand and evaluate perspectives offered, often with a political spin, about anthropogenic climate change ("global warming"). 
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Figure 1. (From Bradbury and Dean, 1993) Data from a 20-meter core of varved sediments from Elk Lake, Minnesota. Photos show representative varve types from each part of the varve sequence.

There are several ways to use this graphic. 

1. Lecture about the varve formation process that permitted the record, and use the graphic as a PowerPoint slide and point out the qualities of time shown. If that choice constitutes the sole learning experience, minimal conceptual understanding about change through time will result, and "no significant gain" is the likely outcome.

2. Use an in-class cooperative learning structure and form separate groups. Each group focuses to discover only one aspect of change-through-time shown in the figure: group 1, age; group 2, rate; etc. Then the instructor summarizes the results by each group's reporting out, uses the illustration as a PowerPoint slide as an aid, and this produces better understanding than lecture alone. 

Some advocates of cooperative learning methods do leave the impression that doing such an interactive lesson constitutes sufficient teaching to promote better learning. While definitely better, such an exercise is insufficient, in my experience, to produce the deep understanding I want. 

3. Near end of one class, form groups of seven and give the diagram as a take-home exercise to every student. Use a 3x5 card to assign each student in a group only one aspect of change-through-time shown in the figure: student 1, age; student 2, rate, etc. to focus on. Explain that each student will have to teach his or her aspect to others the following class period. In the subsequent class period, these groups constitute "jigsaw
" groups in which each student teaches her or his assigned part to others in the group. Allow more than half of the class period for the members of the groups to teach these aspects to one another. Summarize the groups' discoveries in the latter third of the class.

This approach proves superior in generating learning to the other two above in producing learning. This is because any cooperative technique needs to be part of a larger plan that includes individual reflection time and homework. Jigsaw does not work well in auditoriums, in classrooms with bolted down furniture, or in situations where an instructor does not possess management skill to quickly constitute the groups with the proper distribution of individuals. I've witnessed instructors trying orally to direct individuals to proper seats on the day of the jigsaw. It is painful to witness in its awkwardness and wasted class time.

Because each student likely knows her or his part taught well, but has given less concentration to the other qualities, thorough mastery of understanding all the qualities of time is still not likely to be sufficient. 

4. Use the poster provided here in the hallway along with the worksheet provided in this document as a supplementary exercise. Posters in hallways are usually either passive show-and-tell displays and/or showcase the professors' research. Hall posters can become good teaching tools, provided that there are active learning components built into these and instructors address the content in classes. Hanging a poster in a hall and without making active use of it for instruction offers no learning benefit.

The poster I provided on this workshop site offers a structured controversy and the minimal background content needed to interpret Figure 1. The interactive exercises are in the "Worksheet," and the instructor can address the entire content over time by simply addressing one aspect of time each period for a few minutes at the start of class, discussing what each means, and encouraging students to work together on the next succeeding item. Depending upon the instructors' skills and creativity, this start of class "word of the day" can become the scaffolding into a very rich learning exercise over time, and this need not take away from regular class activities. This scaffolding is needed. Although the terms that apply to qualities of time are not jargon, they have specific meanings. In students' minds, meanings of these terms are not necessarily clear or specific. Another problem is that many students are neither practiced nor skilled in obtaining information or its meaning from even simple graphs. Both the language and the ability to interpret graphs are learning challenges that require work to overcome. 

If one seriously wants students to internalize understanding of change through time, a capstone exercise such as a take-home essay quiz is ultimately the way I favor to bring deep learning about in my own students. Even high scores on reliable multiple-choice tests don't necessarily translate into reliable measures of learning. The thinking required to construct a reasonable answer from scratch is very different from being able to select "best" or "right" answers already constructed by the professor. "Quiz #2" that comes at the end of this document is one I have used successfully. I'm sure it could be better with revision.

Many students will do poorly on such a quiz as a first attempt. In my classes, learning is not about how well you do on a first attempt but rather where you end up as result of putting in the needed work. I allow students to recover points lost on initial submissions by resubmitting revisions. Some students, even after two revisions, will require a one on one consultation with the professor before they can actually see and understand the qualities of time shown in Figure 1. My object is to get as many students as possible to eventually understand change through time as possible, but I must admit that doing so can be labor intensive. Students who achieve this competency report a sense of empowerment. Through coming to understand time and climate change in this way, for the first time some understand the difference between becoming educated by learning what professors tell them and learning by examining the actual primary evidence until they understand it and can make up their own minds. Afterwards, they can sort through essays such as those found on the first panel of the poster and understand these at a much different level of awareness. 
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WORKSHEETS

Age - How old something is expressed in some unit of time, such as “How old are you?”

Rates - How fast something changes per-unit-time such as distance traveled per unit time as in "I drive 60 miles-per-hour” or “My resting heart rate is 70 beats-per-minute.”

Frequencies - how often things happen per-unit-time such as “How often do you go to the movies?” or “How frequently do you brush your teeth?” Notice the subtle difference between frequency and number of events that are not expressed in specific units of time such as “How many movies have you seen?” or “How often does it rain here?”

Duration - how long something lasts in units of time such as “How long should my dog be able to live?” or How long does it take to drive from Pocatello, Idaho, to Boulder, Colorado?”

Magnitudes - how big an event is expressed in some specific unit in comparison to other events as in “What was the greatest recorded Richter earthquake magnitude in history?” or the “What was the hottest day on record in degrees Fahrenheit in Chicago?”

Ordering of Events - placing events in chronological order, such as an ability to place the American Revolution before the War of 1812, the “Ice Age” before the “Iron Age,” or the Devonian Period after the Silurian Period.

Patterns in time - The graphical form of distribution of events over a period of time. We can see different patterns most easily in graphs (Figure 1).

[image: image4.wmf]
Figure 1. Each geologic process has a characteristic pattern of change-through-time with respect to how events occur and vary in frequency and magnitude. Constancy (horizontal line A) and gradual change (line with constant slope B) typify few processes. Cyclic patterns (C) typify many processes such as seasonal temperatures, tides, sunspot cycles, etc. and lend themselves to predictability. Most processes (floods, volcanic eruptions, earthquakes, drought, rainstorms) occur in fractal patterns (D). Fractal patterns consist of many common events, a few small events, a few large events and very rare high magnitude events. Fractal patterns reveal the frequency with which we should anticipate events of certain magnitudes to occur.
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Figure 2. (From Bradbury and Dean, 1993) Data from a 20-meter core of varved sediments from Elk Lake, Minnesota. Photos show representative varve types from each part of the varve sequence.

The climate interpretations from the data of Figure 2 are straightforward. Wind blows pollen into the lake, which reveals the vegetation that existed in the area each year. Knowing the vegetation reveals the climate. Varves consist mostly of endogenic materials (materials precipitated from within the water column), but arid conditions allow more clastic wind-blown dust to enter the lake, which thickens the varves. Rain falling on ground with sparse vegetation allows runoff to carry even more sediment into the lake, so changes in varve thickness (Figure 2) are indicative of climate change. In addition, isotope data from the core served as an additional basis to know the air temperatures that existed at any time.
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Figure 3. Population change through major events in human history. 

1. Ages and ordering of events. Use your own knowledge and Figures 2 and 3 to locate approximate positions of the following events in the varve record of Figure 2 above: (a) start of the industrial revolution, (b) Columbus landing on the "New World," (c) birth of Christ, (d) beginning of Iron Age, (e) transition of Neolithic Stone Age to Bronze Age, (f) receding of last continental glacier from the site.

Go to next page.

Refer to Figure 1.

2. Rates. (a) When did the fastest rate of sedimentation occur? What conditions might explain that event? (b) When did the slowest rate of sedimentation occur? What conditions explain that event? © What is the average rate of fill of the lake with sediment since the lake was created?

3. Number of events. How many major climate changes have occurred in the Midwest since the last ice age? 

4. Frequency. Since the last ice age, about how frequently have major climate changes occurred per 10,000 years?

5. Duration. (a) About how long did climates remain stable after a change? (b) How long has the climate corresponding to human recorded history persisted? We cannot predict when the next change will occur, but based on the patterns revealed here, about when would you anticipate the next major climate shift might be due to occur?

6. Rate. When a major climate change occurred, how long did the transition take?

7. Order of events. Which of these major changes is attributable to anthropogenic causes?

8. Patterns. (Honors Question!) The varve record of the past 10,000 years in Figure 2 reveals cyclic patterns, gradual patterns, and fractal patterns. Can you find these and label them? Figure 3 also contains a pattern of events in time. It is not one that we see in Figure 2. What is that pattern?

After answering the above let us use our new awareness to return to consider the concerns and arguments over global warming. 

1. Importance. Global warming is climate change. If the Minnesota area reverted from mesic forest back to warm dry prairie, why would this be a concern. If humans could prevent this, why might it be worth the cost and effort?

2. Government capabilities. Based on the evidence in Figures 2 and 3, if we reduced all carbon emissions back to Stone Age levels, could we likely prevent climate changes that will impact human civilizations?

3. Perspectives. Let us imagine a future in which we have (a) halted any global warming caused by humans and (b) built a human population equal to Earth's capacity to support it through agriculture. How secure are humans in that situation?

4. Priorities. Consider two issues—global warming, and a high population of advanced civilizations living on a changing planet. Which makes the second an important issue? Why is neither political party raising this issue as a concern?

Quiz # 2 Take-home essay Change-through-Time and Four-Dimensional Science

In class we have used the varve record from Elk Lake Minnesota as an example of reconstruction of paleoclimate history. This reconstruction made us address the following attributes used when we consider geologic time

a) Age

b) Rates

c) Patterns

d) Order of Events

e) Frequency

f) Magnitudes

g) Duration

(A) Using the figure of the Elk Lake core record, describe as fully as possible each of the attributes above as revealed by the varve record. 

(B) Answer in one sentence how our study of this varve record reveals geology as a "four dimensional science." Use the rubric below as a guide for judging when your essay is at the level of A (90+) work.

FORMAT- To aid in consistent grading, address each of the separate attributes above in single-spaced paragraphs in the order given above. Use double spacing to separate each of the paragraphs. All submissions need to be typed and submitted on paper. The page limit for this essay is one page, one side, with font size no smaller than ten point font.

RUBRIC for QUIZ #2, Spring 2007

(1) Essay reveals the student can see each of the attributes above revealed in the Elk Lake example. (40 points).

(2) Essay provides two specific examples for each attribute as revealed by the core. (40 points)

(3) The essay follows the format specified above and has been proofed for correct grammar and spelling (5 points) Note: if English is your second language or you have not used the capabilities of a Word processor to check your work, make an appointment in the Writing Center in Museum Building Suite 434 and request the help of a tutor to go through your draft. Bring this rubric with you as an aid to your tutor.

(4) Part B reveals that the student understands the role of conceptualizing change through time as important to the signature of geology as a four-dimensional science. (10 points)

(5) Submission of the standard short self-assessment after you receive back your graded quiz (5 points)

� Jigsaw is a technique credited to Elliott Aronson at University of California at Santa Cruz. It is demonstrated in many cooperative learning workshops and described in books such as Millis, B. J., and Cottell, P.G. Jr., 1998, Cooperative Learning for Higher Education Faculty: Oryx Press, 282 p.





