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1.
Identify class level, specify whether core, elective, or major requirement, any other pertinent information on class demographics.

Earth Systems Science (GEO-100) is an introductory science course and is a requirement for the Geosciences, Environmental Sciences, Integrated Sciences, and the Marine Ecological Emphasis majors. Additionally, GEO-100 is a requirement for the Environmental Geology and Marine Science minors. This course also serves as a science elective for CLAES core requirements.

The class typically has 45-50 students, freshmen to seniors, and science and non-science majors. This creates a very diverse class in terms of age and interests.

2.
What problems or questions about my students’ learning and my teaching strategies did I address?
The main problem in student learning that I was trying to address was students not seeing the interconnectiveness of the topics we covered. They treated each chapter separately, and once we were done with one chapter, they appeared to “start fresh” in memorizing (perhaps even “learning”) the new information in the next chapter. They didn’t learn the new material by relating it to what was already covered. Consequently, their understanding of the concepts was limited to how these concepts were applied in the text (if at all) within a particular chapter. The importance of these concepts as they relate to global processes was never realized, and therefore seeing the “big picture” was never achieved.

The problem with my teaching was that I enabled this lack of understanding by teaching to the book. Earth science textbooks try to show some of these connections, but they are still organized into discrete topical chapters (e.g., minerals, rocks, oceans, glaciers, earthquakes, etc.), and therefore fail at illustrating the connections both within and among chapter topics. Additionally, my assessments were standard multiple-choice exams with one or two short-answer questions. This kind of assessment does not promote deeper understanding by the student. They simply have to “learn” the material for the test. To change this, I revamped how I approached the course and how I organized and presented the material. I also changed my assessment techniques.

 My goals for the course include: (1) building the confidence in students that they can "do" science, (2) to be able to recognize and explain how different systems (lithosphere, hydrosphere, atmosphere, biosphere, exosphere) interact to create various Earth processes, and (3) to see the Earth as single integrated system.

I am not trying to get the students to memorize facts, or learn classification schemes. Those are simply tools they can use to explain the larger concepts. I want the students to understand and to be able to demonstrate how a concept is derived from several integral components (e.g., "smaller" concepts, facts, details, etc.).

3.
What methods did I use to gain information?
Fall (2005) was the second year I taught Earth Systems Science. It previously was called Physical Geology and focused exclusively on geologic processes. About three years ago, I significantly changed the organization and outline of the previous course so the concept of plate tectonics became the overarching theme of the course. Unfortunately no textbooks followed this organization, and I felt that the whole course material did not match the needs or wants of our students. Consequently, I developed Earth Systems Science (ESS) to replace Physical Geology and to provide a better science foundation for our students. In fall 2004 (the course's first year) I organized ESS into a standard lecture, three-exam course. For fall 2005, I organized ESS in a similar way to my Oceanography course in that I'm assigned several in-class and take-home exercises. Parts of these exercises use data that are collected in class during student-led demonstrations. This breaks up the lecture and gets the students involved. 

These exercises give students practice in graphing, manipulating, and interpreting data. This “hands-on” experience allows students to work with the underlying concepts. Consequently, students will hopefully gain a better understanding of these concepts and do better on related test questions compared to questions whose concepts were not covered in the exercises.

Practice, Practice, Practice: After the first few exercises, students would be familiar with the format and what I expect from them in terms of well-reasoned answers to the questions. The in-class demonstrations provide visual “practice” with the information, and the opportunity for us to discuss the physical changes or interactions that are occurring. It also allows the students to start the exercise with a set of correct data and concepts. Much of scientific thinking is deals with a logical progression of thought, something students are not born with and have to develop. It is a learned method, and the only way to get better at it is to practice, practice, practice. The exercises were developed to encourage this practice.

Strengths & Weaknesses: The strength of these exercises is that the students get to collect their own data (as a group) and interpret these data using graphical or other means. This gives the students hands-on experience with the concepts we cover. Therefore, they “see” the information more than once, and this reinforces the concepts. 

A weakness is that with a large class (~50), only two or three students will participate in the demonstration. The rest look on in a passive, yet interested (hopefully) manner. If they could all “do” the demonstration, that would create a better learning environment.

Sample Exercise Evaluation Criteria: 

· Are the data correct and do they have the right units?

· Do the short-answer questions correctly relate the findings to the controlling variables?

· Is the reasoning behind the answers scientifically sound?

· Are the calculations correct?

· Are the graphs correctly drawn?

· Are the interpretations of the graphs correct?

4.
What examples or evidence of student performance can I offer to illustrate how I drew conclusions?
Objective: Compare the percent correct of multiple-choice questions whose concepts were covered in the exercises to the percent correct of questions that were not covered in the exercises.

Question: Do the exercises provide a better understanding of the concepts and, if so, does this translate to a better grade on the related multiple-choice questions?

Procedure: To analysis the data from the first two exams in my Earth Systems Science course I used the statistical test called biserial correlation. This test is useful when comparing two variables: one scored on a continuous scale (% correct), and one scored on a nominal scale (“yes” or “no” – concept covered in exercise).

In this example, the statistic will test whether there is a significant correlation between (1) the number of correct responses for each multiple-choice question and (2) if that particular question was covered in an exercise.

Statistical Analysis

For this statistical test, the null hypothesis is: There is no significant correlation between multiple-choice question and whether that question was covered in an exercise.

To begin the analysis, the point biserial correlation coefficient (rpb) is calculated as follows:
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To test the null hypothesis, the test statistic t is calculated. The resulting t value is compared to the critical t value (from a t table) at the appropriate  level (0.05) and degrees of freedom (df = n - 2).
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The analyses of the first two exams suggested that there is no significant difference between the number of correct answers on questions directly related to the exercises compared to those questions not covered in the exercises. So the analysis does not support the contention that the exercises helped the students understand the concepts.

The analyses, however, were based on a small number of test questions which likely rendered the test results meaningless. Larger sample sizes and better control on the setup are needed before any statistical inferences can be made. 

5.
What theories or debates about learning frame or illuminate my inquiry?
1. Addressing the tension between the impulse to cover lots of material and the need to foster critical understanding of concepts (Nelson, 1989, 1999).

Over the last few years, I have specifically tried to reduce the amount of information I present to a class, spending more time on fewer topics. This has enabled me to better focus on “critical” ideas and to better relate to the student the integration of these topics to the whole course.

2. Using “backward design” to identify deep course goals and design your curriculum and assignments to help students reach them (Walvoord, 1998).

When designing the course, I had to determine which topics I was going to leave out and which ones I was going to focus on. To do this I used a backward design approach to identify which topics I wanted the students to work with throughout the semester, and the assessment techniques that would facility student involvement.

3. The inverted pyramid (Bass, 1999).

Following the idea of the inverted pyramid course design, I choose the one learning goal that I wanted students to retain from this course, and then built the course around it. That goal was: “Students will understand how the different processes of geology, chemistry, biology, and physics do not occur independently, but continually interact to form and shape the Earth.”

6.
What have I learned (or what new hypotheses have I developed) so far?
Following this experiment with Earth Systems Science, I decided to extend these teaching ideas to the Oceanography class I taught in spring 2006. This course is very similar in demographics and in organization to the ESS course. One difference was that essentially all the students were non-science majors and this course was their one “science” course they would take at Rider. As such, I felt even less pressure to cover lots of content and focus more on the concepts covered by the take-home exercises. Also, this class had about 106 students compared to the 45-50 that typically enroll in ESS.

For Oceanography, I changed the assessment strategy and did away with the traditional three multiple-choice exam option. Instead, student grades were based on a series of take-home exercises (similar to ESS), Blackboard online quizzes, and in-class quizzes. This resulted in approximately 28 gradable items for each student.

The Blackboard quizzes each had an average of 85% or better. This is certainly a positive sign for the students. Whether learning is taking place, however, is hard to know. Many of the questions on the quizzes were similar to traditional multiple-choice questions and were therefore, perhaps, of limited value. Now that I’ve switched over to alternate teaching and assessment strategies, I need to refine the exercises and quizzes so they better reflect the overall concepts and a student’s understanding of the connections among ideas. All the while trying to limit the amount of grading I have to do with these large classes.

The overall average for the Oceanography course (spring 2006) was 83% (n = 105). In spring 2003 the average was 84% (n = 99), and this course had a more traditional five multiple-choice/short-answer exams. The median for both courses was essentially the same: 84-85%. Although these statistics are similar, the SP06 course graph reveals a greater percentage of grades in the A through B grades. This is indicated by a more negative skewness value for SP06 (-1.22) compared to SP03 (-0.15).  For SP06, 60% of the students received a B or better grade compared to 54% in SP03. These data perhaps indicate a slight shifting of the grade distribution toward the higher grades.
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Science Course Attitudes Inventory Survey

For the Oceanography SP06 course, I had the students take a survey at the beginning of the semester and at the end to try and qualify how their attitudes toward science change over the semester. The survey consists of 24 multiple choice questions. Results are attached.

On a personal level, altering my teaching style by reducing the number of concepts that I cover, introducing in-class/take home exercises, and eliminate the traditional testing format, has greatly improved my passion for teaching. I no longer feel the need to “teach to the test.” I can focus on selected topics and zero in on the connections and interactions among the concepts. I can take the time to show the students the excitement science can provide. Overall, it has been a rewarding year for me.

Over the past few years I’ve come to a few conclusions:

1. You can’t make a student “learn.” If the student is unwilling to put the required effort into the course to obtain results, there’s very little a professor can do to make this happen. A student has to feel “safe” to enable them to open their minds to the learning process.

2. Most students do not know how to teach themselves (i.e., how to learn), they haven’t developed the requisite tools to initiate learning, and they’re certainly not born with this ability. So they do the same thing they’ve always done: memorize and “study” for the test. They don’t have alternate strategies.

3. How does a student learn how to teach themselves? Practice, practice, practice. If I continue to teach in a traditional fashion, students will continue to try and memorize the details. I need to alter my strategy to force them to become active learners, and because they’ve typically don’t do this, they won’t know how and will get frustrated. So, I need to give them assessments so they can practice their techniques. Each student has to figure out what helps them learn. Of course this takes some self reflection which may not be comfortable for some (point #1).

7.
Where will I go from here?
This fall, when I teach ESS again, I will forgo the 3-exam test method and implement a similar assessment strategy as I had in the Oceanography class. In addition, I will not assign a textbook. The texts simply do not make the connections I want the students to make, and I’m not even sure how many actually buy the texts let alone read it. Instead, I want to create a new assessment involving some variation of a graphic organizer (e.g., flow chart), where the student will organize the “chapter’s” information themselves. In a sense, they will write their own outline for the course. I will assign readings from appropriate Web sites to supplement my instruction. At first I will help the students develop these outlines by providing the terms and structure of the outline. Throughout the semester, I will slowly back off, providing less guidance, allowing the students to develop their own structure and connections among the concepts and processes. A scaffolding approach.

This should be interesting!
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Science Course Attitudes Inventory
MAR-120 Oceanography
Spring 2006



This survey was given to my Oceanography class at the beginning (Jan) and end (Apr) of the SP06 semester. Percent change values reflect the difference (plus or minus) between the two surveys (negative changes highlighted in red).

	1. It might take some effort for me to understand many unfamiliar scientific concepts, but I would be able to succeed in most cases.

	
	January 2006 (%)n = 89
	April 2006 (%)n = 83
	% Change

	strongly agree
	21.4
	32.1
	+10.7

	agree
	59.6
	54.8
	-4.8

	neutral
	15.7
	10.7
	-5.0

	disagree
	2.3
	2.4
	+0.1

	strongly disagree
	1.1
	0.0
	-1.1

	
	
	
	

	2.  Science classes require creative thinking, just as a design class or creative writing class does.

	
	
	
	

	strongly agree
	10.1
	25.0
	+14.9

	agree
	43.8
	45.2
	+1.4

	neutral
	29.2
	23.8
	-5.4

	disagree
	15.7
	6.0
	-9.7

	strongly disagree
	1.1
	0.0
	-1.1

	
	
	
	

	3. The things that scientists do are not the concern of average people.

	
	
	
	

	strongly agree
	0.0
	0.0
	0.0

	agree
	7.9
	10.7
	+2.8

	neutral
	14.6
	11.9
	-2.7

	disagree
	52.8
	44.0
	-8.8

	strongly disagree
	24.7
	33.3
	+8.6

	
	
	
	

	4. Science deals mostly with facts and figures; when language is used, it tends to be complex jargon. Therefore, good writing ability is not necessary in a science class.

	
	
	
	

	strongly agree
	1.1
	4.8
	+3.7

	agree
	7.9
	10.7
	+2.8

	neutral
	30.3
	23.8
	-6.5

	disagree
	47.2
	45.2
	-2.0

	strongly disagree
	13.5
	15.5
	+2.0

	
	
	
	

	5. Even when a science class is interesting and the teacher tries to help me, I don’t learn very quickly, and often get discouraged.

	
	
	
	

	strongly agree
	0.0
	2.4
	+2.4

	agree
	9.0
	11.9
	+2.9

	neutral
	21.4
	14.3
	-7.1

	disagree
	46.1
	39.3
	-6.8

	strongly disagree
	23.6
	32.1
	+8.5

	
	
	
	

	6. The skills needed by students in a science class are not that different from those needed in other classes.

	
	
	
	

	strongly agree
	9.0
	15.5
	+6.5

	agree
	50.6
	47.6
	-3.0

	neutral
	20.2
	23.8
	+3.6

	disagree
	18.0
	11.9
	-6.1

	strongly disagree
	2.3
	1.2
	-1.1

	
	
	
	

	7. Our country would be better off if more people had a basic understanding of science.

	
	
	
	

	strongly agree
	17.9
	31.0
	+13.1

	agree
	48.3
	46.4
	-1.9

	neutral
	32.6
	20.2
	-12.4

	disagree
	1.1
	1.2
	+0.1

	strongly disagree
	0.0
	1.2
	+1.2

	
	
	
	

	8.  Although logical and analytical thinking are necessary to do well in a science class, this kind of thinking is applicable in many fields besides science.

	
	
	
	

	strongly agree
	36.0
	31.0
	-5.0

	agree
	51.7
	54.8
	+3.1

	neutral
	11.2
	13.1
	+1.9

	disagree
	1.1
	1.2
	+0.1

	strongly disagree
	0.0
	0.0
	0.0

	
	
	
	

	9. Science is too complex a subject for me to learn much about it.

	
	
	
	

	strongly agree
	1.2
	0.0
	-1.2

	agree
	9.0
	13.1
	+4.1

	neutral
	15.7
	15.5
	-0.2

	disagree
	51.7
	34.5
	-17.2

	strongly disagree
	22.5
	36.9
	+14.4

	
	
	
	

	10. Science classes require very different skills than those required by other kinds of classes.

	
	
	
	

	strongly agree
	2.3
	2.4
	+0.1

	agree
	24.7
	10.7
	-14.0

	neutral
	22.5
	38.1
	+15.6

	disagree
	42.7
	42.9
	+0.2

	strongly disagree
	7.9
	6.0
	-1.9

	
	
	
	

	11. Scientific work would be too hard for me.

	
	
	
	

	strongly agree
	2.3
	3.6
	+1.3

	agree
	13.5
	13.1
	-0.4

	neutral
	31.5
	17.9
	-13.6

	disagree
	40.5
	46.4
	+5.9

	strongly disagree
	12.4
	19.0
	+6.6

	
	
	
	

	12. There are things that one can learn by studying science that are useful no matter what kind of job one has.

	
	
	
	

	strongly agree
	18.0
	31.0
	+13.0

	agree
	55.1
	50.0
	-5.1

	neutral
	21.4
	11.9
	-9.5

	disagree
	5.6
	6.0
	+0.4

	strongly disagree
	0.0
	0.0
	0.0

	
	
	
	

	13. People that do well in science classes tend to have a certain kind of mindset, typically an analytical, linear, math-oriented personality that allows them to succeed in science, but hinders them in other fields.

	
	
	
	

	strongly agree
	2.3
	4.8
	2.5

	agree
	29.2
	17.9
	-11.3

	neutral
	34.8
	33.3
	-1.5

	disagree
	29.2
	33.3
	4.1

	strongly disagree
	4.5
	10.7
	6.2

	
	
	
	

	14. In general, I feel good about my ability to learn about science.

	
	
	
	

	strongly agree
	20.2
	26.2
	6

	agree
	52.8
	50.0
	-2.8

	neutral
	21.4
	22.6
	1.2

	disagree
	4.5
	1.2
	-3.3

	strongly disagree
	1.1
	0.0
	-1.1

	
	
	
	

	15. I don’t think I’ll ever be in a position in which I’ll be able to use scientific knowledge.

	
	
	
	

	strongly agree
	0.0
	0.0
	0

	agree
	9.0
	9.5
	+0.5

	neutral
	22.5
	19.0
	-3.5

	disagree
	45.0
	47.6
	2.6

	strongly disagree
	23.6
	23.8
	0.2

	
	
	
	

	16. It would be a waste of time for me to try to study science.

	
	
	
	

	strongly agree
	0.0
	2.4
	2.4

	agree
	5.6
	6.0
	0.4

	neutral
	10.1
	4.8
	-5.3

	disagree
	47.2
	54.8
	7.6

	strongly disagree
	37.1
	32.1
	-5

	
	
	
	

	17. If I have children, they will learn about science in school, so I won’t need to help them learn about it.

	
	
	
	

	strongly agree
	0.0
	2.4
	2.4

	agree
	5.6
	4.8
	-0.8

	neutral
	15.7
	13.1
	-2.6

	disagree
	48.3
	47.6
	-0.7

	strongly disagree
	30.3
	32.1
	1.8

	
	
	
	

	18. Scientific ways of thinking are applicable in many areas of life.

	
	
	
	

	strongly agree
	23.6
	34.5
	10.9

	agree
	55.1
	45.2
	-9.9

	neutral
	16.9
	17.9
	1

	disagree
	4.5
	1.2
	-3.3

	strongly disagree
	0.0
	1.2
	1.2

	
	
	
	

	19. I feel confident about my ability to do basic scientific work.

	
	
	
	

	strongly agree
	23.6
	29.8
	6.2

	agree
	57.3
	46.4
	-10.9

	neutral
	18.0
	17.9
	-0.1

	disagree
	1.2
	6.0
	4.8

	strongly disagree
	0.0
	0.0
	0

	
	
	
	

	20. If I were interested in areas of science other than ones learned in class, I would be able to learn more on my own.

	
	
	
	

	strongly agree
	7.9
	7.1
	-0.8

	agree
	47.2
	40.5
	-6.7

	neutral
	30.3
	41.7
	11.4

	disagree
	13.5
	7.1
	-6.4

	strongly disagree
	1.1
	3.6
	2.5

	
	
	
	

	21. People need to understand the nature of science because it has such a great effect upon their lives.

	
	
	
	

	strongly agree
	19.1
	32.1
	13

	agree
	50.6
	56.0
	5.4

	neutral
	25.8
	8.30
	-17.5

	disagree
	4.5
	3.6
	-0.9

	strongly disagree
	0.0
	0.0
	0

	
	
	
	

	22. People that are good at science can be good in other areas, as well.

	
	
	
	

	strongly agree
	38.2
	41.7
	3.5

	agree
	49.4
	50.0
	0.6

	neutral
	11.2
	8.3
	-2.9

	disagree
	1.1
	0.0
	-1.1

	strongly disagree
	0.0
	0.0
	0

	
	
	
	

	23. I would rather spend my school time learning something more useful than science.

	
	
	
	

	strongly agree
	3.4
	3.6
	0.2

	agree
	16.9
	11.9
	-5

	neutral
	27.0
	33.3
	6.3

	disagree
	42.7
	39.3
	-3.4

	strongly disagree
	10.1
	11.9
	1.8

	
	
	
	

	24. The people that I have known that were good at science were never good at anything else.

	
	
	
	

	strongly agree
	0.0
	1.2
	1.2

	agree
	1.1
	3.6
	2.5

	neutral
	12.4
	14.3
	1.9

	disagree
	51.7
	45.2
	-6.5

	strongly disagree
	34.8
	35.7
	0.9
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