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Biological Change:  What does it look like?


At the elementary level, students observe fast and slow changes in their environment, as well as what causes those changes.  They also begin to observe fossils.  By middle school, students begin to investigate and explore how relationships between populations, and the ecosystems in which they live, contribute to the success or demise of that population.  This exploration also helps them gain an understanding of biodiversity.


At the high school level, students will discover the role of natural selection in the observed biodiversity.  As stated in the Program of Studies, “evolution provides a scientific explanation” for these observations:  large numbers of different life forms (biodiversity); anatomical and molecular chemistry similarities; and fossil sequences within successive rock layers.

Common Misconceptions

The following are some misconceptions as identified by researchers in Benchmarks for Science Literacy and Making Sense of Secondary Science: Research Into Children’s Ideas. 

1. Students have a Lamarckian idea of what is meant by an adaptation.  They believe that the environment causes a change because of a certain need, which can then be inherited by subsequent generations.  Part of this issue is the common usage of the term “adapt”, which is used to refer to a conscience, deliberate change.

2. Students understand the concept of the randomness of inheritance, but only as applied to theoretical genetic crosses.  They have difficulty transferring that thought to long-term evolutionary patterns.  In other words, they are often unable to make a connection between chance and inheritable traits.

3.  Students believe that it is the gradual change of all individuals of a population that results in a population change, as opposed to the survival and reproduction of a few individuals within a population.

4. Students have difficulty integrating two evolutionary processes as they struggle to understand natural selection: the occurrence of a new trait and its effect on long-term survival of a population.

5. “Some research suggests that students’ understanding of evolution is related to their understanding of the nature of science and their general reasoning abilities.  Findings indicate that poor reasoners tend to retain nonscientific believes…because they fail to examine alternative hypotheses and their predicted consequences, and they fail to comprehend conflicting evidence.” (Benchmarks for Science Literacy. p. 344)

6. The Office of Science Outreach at the University of Indiana has identified other misconceptions. (http://www.indiana.edu/~oso/evolution/teaching/te2.htm)

· evolution is a theory about the origin of life

· evolution is like a climb up a ladder of progress; organisms are always getting better; humans are the pinnacle of evolution

· natural selection acts for the good of the group

· species spontaneously change into new species

· when a species evolves, every individual changes at once

· when a new species evolves, the old species no longer exists

· human evolved from monkeys

Resources

1. Biological Diversity; Classification (UD-U-6)

    (http://www.estrellamountain.edu/faculty/farabee/biobk/BioBookDivers_class.html)

This resource gives a nice general overview of the classification system, from Linneaus’ taxonomical classification to the modern classification system of cladistics.

*Note: While the Program of Studies has the concept of classification within Unity and Diversity, the understanding (UD-U-6) has a direct correlation with BC-U-2 and BC-S-1.

2. Understanding Evolution (http://evolution.berkeley.edu)


This one-stop-shop website has everything needed for the teaching and understanding of evolutionary processes.  There are articles, lesson plans, an area describing misconceptions and how to address these, and external links to more resources.

3. PBS NOVA Judgment Day:  Intelligent Design on Trial (to air November 13th, 2007)

    (http://www.pbs.org/wgbh/nova/id)


This resource appears to be more for your understanding than a resource you would use with your students.  Currently there are few resources available on this show’s homepage.  However, I found the Educator’s Briefing very informative.  It provides information that may assist teachers as you educate students and parents about the teaching of the Theory of Evolution.  This 2-hour program will be available for on-line viewing after Nov. 13th.

Evolution and the Nature of Science (SC-H-BC-U-5)


Two commonly quoted misconceptions about evolution are “evolution is ‘just’ a theory” and “evolution is not science because it is not observable or testable.  The main cause of these misconceptions is that people are unfamiliar with the nature of science. Within these misconceptions are two major misunderstandings.  The first is terminology, including the use of the word “theory”.  The second is the nature of science itself.


Dr. Eugenie Scott, in her book Evolution vs. Creationism An Introduction, discusses the problems faced by science teachers around terminology.

	How do you think scientists would rank the terms fact, hypothesis, law, and theory? How would you list these four from the most important to least?  Most people list facts on top, as the most important, followed by laws, then theories, with hypotheses being least important, at the bottom:

Most important

Facts

Laws

Theories

Hypotheses

Least important

You may be surprised that scientists rearrange this list, as follows:

Most important

Theories

Laws

Hypotheses

Facts

Least important

Why is there this difference?  Clearly, scientists must have different definitions of these terms compared to how we use them “on the street.”

(pg. 11)


In common language, a theory is a hunch or a guess.  In science, however, a theory is “an overarching explanation that has been well substantiated.”  A scientific theory has been supported with much observational and experimental data.  A theory also predicts an observation yet to be made, and when (or if) made provides further support.


A law is a description of how the physical world behaves under certain circumstances, but they generally do not explain the “why” of an observation.  A hypothesis is much more than an “educated guess.”  It is a statement that is testable, which doesn’t imply the “scientific method.” (More on this and the nature of science in a moment.)  A fact is simply an observation that has been confirmed over and over.  Why, then, is this at the bottom of the importance list?  Observations are only as good as our senses, and technology, allow for.  As such the term “fact” is seldom used in the scientific field.


A very good article that continues along these same lines is “Belief and Knowledge—a plea about language.”  It can be accessed from Physics Today at http://www.physicstoday.org/vol-60/iss-1/8_1.html.


What is the nature of science?  This phrase refers to those principles and ideas that describe science as a way of knowing, as well as characteristics of scientific knowledge.  Here’s the kicker—scientific knowledge is not the end-all-be-all.  Scientists constantly question, challenge, and test their findings.  This is a major reason why science is dynamic—we never stop asking “why” or “what if.”


Because of this constant questioning, scientists do not always follow a scientific method as taught to our students.  Scientists do not follow a sequential order as they complete their investigations; they often “bounce around” depending on what observations and findings may arise during their studies.  Also, much of our science understanding is through observations, not through strict experimentation.  It is through this understanding of the nature of science that the Theory of Evolution begins to be understood.

Sources:

· Teaching about Evolution and the Nature of Science. National Academy of Sciences

· Evolution vs. Creationism An Introduction. University of California Press

· The Butterfly Project http://www.teacherlink.org/content/science/class_examples/Bflypages/nos.htm
Science Literacy—What is it REALLY?


For many of us, when the phrase “science literacy” is mentioned we automatically think about reading and writing, and get cold shivers.  What about the phrase “science literate”?  I suspect there would be few, if any, of those cold shivers.  We all agree that, as we progress into the 21st century, that students should be science literate.  But what, exactly, does that me to be science literate?  


As high school science teachers we’ve been exposed to science literature—the textbooks densely packed with information, the complex diagrams, the charts and graphs from which we had to draw information, and the endless lectures full of complex terms and concepts.  Through practice we learned to discern what was important and what wasn’t; how to determine if graphical data supported a stated hypothesis; and critically analyze both the written and spoken word.  This is what we mean by science literacy—reading, writing, speaking, observing, and hearing science with understanding.  This skill is not only important for students to be successful in their science courses, but will also assist in critically evaluating real-life events.


One way to assist students in learning these skills is through modeling.  Attached is a diagram of equine evolution.
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As students look at diagrams similar to this, can they analyze and interpret the information provided?  Included on this diagram are sample questions that can guide students’ thinking.  As educators we “know” what to look for, but do our students?  Modeling demonstrates your thinking process that students can then emulate.


You can learn more about science literacy in the archived webseminar “Reading Science for Understanding in Middle and high School.” Access to the seminar requires free membership.  This is the best discussion of science literacy for high school that I have ever seen.

http://www.schoolsmovingup.net/cs/wested/view/e/1532
ACT/PLAN Tips


Beginning in March of this year all juniors will be required to take the ACT.  Over the next several months I will be offering classroom hints to help you prepare your students.  Remember—even though juniors are being tested, all teachers can help prepare students for future years.


The science portion of the ACT consists of 7 passages/situations.  There are a total of 40 questions that students are to answer within a 35-minute time frame.  The college readiness standards for science are: Interpretation of Data, Scientific Investigation, and Evaluation of Models, Inferences and Experimental Results.  Your counselor may have a copy of the chart that breaks these standards down further.  It’s important to note that the science component of the ACT is not about content but about science literacy skills (making sense of text, determining key factors, interpreting graphs, understanding scientific investigations and how to draw conclusions based on evidence).


One key strategy to help students prepare is timing.  Answering 40 questions in 35 minutes means that students have approximately 52 seconds to answer each question.  Our students have little to no experience with timed tests.  One obvious strategy is to give students practice with timed tests.  To make the most of the experience you want to ask ACT-like questions (you can find some of these at http://www.actstudent.org/testprep/index.html).  You may wish to use this strategy once a unit.

Interested in how ACT aligns with our Core Content.  You can find that answer at 

http://education.ky.gov/KDE/Administrative+Resources/Testing+and+Reporting+/CATS/Accountability+System/ACT+Alignment+Study+May+2007.htm
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http://www.micro.utexas.edu/courses/levin/bio304/evolution/evol.proc.html


Other questions that could be asked about this diagram:


· What happens to the number of toes through time?


· What advantage could a foot change (# of toes) have for the survival of each species?


· What other physical changes appear to have occurred to the various species over the course of the last 60 million years?  What advantages could these changes have for the survival of each species?


Why does this line end?







In horse evolution, what does this point represent?







What is the connection between the various parts of this diagram?







What does this point represent?












