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Energy Transformations:  What does it look like in high school?

Energy transformations are inherent in almost every system in the universe—from tangible examples at the elementary level, such as heat production in simple Earth and physical systems to more abstract ideas beginning at middle school, such as those transformations involved in the growth, dying and decay of living systems.  The use of models to illustrate the often invisible and abstract notions of energy transfer will aid in conceptualization, especially as students move from the macroscopic level of observation and evidence (primarily elementary school) to the microscopic interactions at the atomic level (middle and high levels). Students in high school expand their understanding of constancy through the study of a variety of phenomena.  Conceptual understanding and application of the laws of thermodynamics connect ideas about matter with energy transformations within all living, physical and Earth systems.

Program of Studies Introduction

Common Misconceptions

When it comes to energy, students have been known to have these misconceptions

· Students believe things go until energy is used up or fuel is consumed.

· Students experience confusion between energy and other concepts (food, force and temperature).

· Students have difficulty recognizing that photosynthesis is a process that converts environmental energy into a form that can be utilized by the plants and then the animals.  In other words, they believe that plants make food for the animals benefit.

· Students see energy as “formed” or “used” rather than converted when speaking about biological processes.

· Chlorophyll is a food substance or a chemical that makes plants strong (or green), not an energy converter.

· Sunlight is a reagent in photosynthesis.

· Respiration and breathing are the same process.

· Plants do not undergo respiration, or else it occurs only in the dark.

· Students see food as only a conversion of energy, not as a recycling of matter.

· Even though students understand that plants release oxygen during photosynthesis, they don’t make the connection that animals could not live without plants.

· Students fail to connect food, oxygen, carbon dioxide and energy as they relate to the process of respiration.

· Students have difficulty connecting plant growth (cell and tissue development) with carbon dioxide in plant metabolism.

· Students view systems as individual parts instead of as an interaction among parts (i.e. force is a property instead of the interaction between bodies).

(from Making Sense of Secondary Science and Benchmarks for Science Literacy) 

What’s the “Big Idea”?
The Big Idea of Energy Transformations is considered a unifying concept, as “energy” transcends across, and connects, all science disciplines.  This implies that the teaching of an “energy unit” may not be the best way to ensure student understanding about energy and it’s “role” in science.  By thinking in terms of a bigger picture and science connections, teachers will assist students in seeing science not as individual pieces (biology, chemistry, physics, etc), but as the entire science picture, complete with the transference of skills & ideas between the various disciplines.
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Attached is a map that demonstrates how energy can be used as a unifying concept, joining together the various science disciplines via the enduring understandings.
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General Resources

Climate Change

NOAA Education (http://www.education.noaa.gov) Go to the Teacher tab and then Climate Change.

This resource contains a wealth of information, including an FAQ section.  This section provides answers to basic questions often asked by students, based upon what they may have heard through the media.  You will also find a link to Paleoclimatology, which is important in understanding the perspective of climate change from a paleontological point of view.  Developed by the National Climatic Data Center (NCDC), you will find a wealth of information (http://www.ncdc.noaa.gov/paleo/primer.html).

Metabolism

KET EncyloMedia  (http://www.ket.org/education/encyclomedia.htm) contains many great video clips.  A couple of clips that I found useful include 

1. Elements of Biology:  Matter & Energy:  Organization in Living Systems.  

There are specific clips for photosynthesis, cellular respiration and metabolic pathways.

2. Simply Science:  Energy Converters  

This video demonstrates energy conversion as related to athletics

The Harvard-Smithsonian Center for Astrophysics produced the video A Private Universe as part of the Private Universe Project in Science.  After a brief introduction, 4th graders, and then Harvard and MIT graduates, are asked the question “How does a seed become a tree?”  The answers, even from Ivy League graduates, demonstrate the misconception mentioned above (Students have difficulty connecting plant growth (cell and tissue development) with carbon dioxide in plant metabolism.).  As you continue watching, you see the development of a lesson in an attempt to change a student’s way of thinking around this misconception.  You can watch this episode, along with others in the series, at http://www.learner.org/resources/series29.html#program_descriptionswkshop2 .  The specific episode I am referring to is Workshop 2, Biology: Why Are Some Ideas so Difficult?

Heat vs. Temperature

NASA’s Cosmic Hot Interstellar Plasma Spectrometer (CHIPS) mission has developed an educational brief that includes an activity that demonstrates for students the difference between heat and temperature.  http://cse.ssl.berkeley.edu/chips_epo/ideas.html 

Earth Systems Resources

Saginaw Valley State University’s Regional Mathematics and Science Center has developed a list of reviewed sites around the topic of earth systems.  These sites are high school appropriate. http://www.svsu.edu/mathsci_center/uploads/science/hE2_Earth.htm
Sound and Energy

If you happen to be teaching about sound energy you may wish to show connections with music.  There are a number of resources that can help you do this.

1. Sound Wave & Music (http://physicsclassroom.com/Class/sound/soundtoc.html)

This is a series of lessons written by classroom teacher Tom Henderson of Glenview, IL.  It was specifically designed as a high school tutorial for physics students, and, as such, has a lot of very good background information.

2. What Makes A Sound Musical? (http://www.open2.net/scienceteachnologynature/worldaroundus/what_is_music.html) 

This is an article describing the musical terminology of pitch, loudness and timber, showing their connection to wave terminology.  

3. Sound, Physics & Music (http://cnx.org/content/col10261/latest/)

Rice University manages the website Connexions.  Teachers can write and post lesson or modules for widespread use.  This particular module is a short course written for middle grades, but could be adapted for higher levels or provide background information for your use.

4. Science Friday: Physics & Music (http://www.sciencefriday.com/pages/2006/Apr/hour2_042106.html)

Science Friday is a weekly radio program from National Public Radio (NPR).  This program contains interviews and demonstrations from physics professors who teach courses around the physics of music.  You can find follow-up educational materials at http://www.kidsnet.org/sfkc/sfkc_20060421_2.html#activities.  This episode was recorded at the Exploratorium in San Francisco, which has further activities students can complete (http://www.exploratorium.edu/music/).

If you choose to make connections to other content areas, the corresponding standards would be

Arts and Humanities

Skills and Concepts - Music

AH-HS-SA-S-Mu1

Students will use appropriate terminology to analyze and evaluate the use of elements in a variety of music (rhythm, tempo, melody, harmony, form, timbre, dynamics)

AH-HS-SA-S-Mu3

Students will listen to and analyze how changing different elements results in different musical effects

Practical Living

PL-H-PW-S-PPH1

Students will understand the importance of assuming responsibility for personal health behaviors by:

a) predicting how decisions regarding health behaviors have consequences for self and others (Note: here you can discuss ear health and the effects of loud sounds)
ACT/PLAN Tips

Last month I gave a brief overview of the ACT make-up as defined by ETS.  Moreover, I discussed the relationship between the ACT science component and science literacy skills, also described in last month’s newsletter.  Let us take one of these skills a step further.

Interpretation of Data

Score Range 20-23

· select data from a complex data presentation (e.g., a table or graph with more than three variables: a phase diagram)

· compare or combine data from a simple data presentation (e.g., order or sum data from a table)

· translate information into a table, graph, or diagram

Score Range 24-27

· compare or combine data from two or more simple data presentations (e.g., categorize data from a table using a scale from another table)

· compare or combine data from a complex data presentation

· interpolate between data points in a table or graph

· determine how the value of one variable changes as the value of another variable changes in a complex data presentation

· identify and/or use a simple (e.g. linear) mathematical relationship between data

· analyze given information when presented with new, simple information

(http://www.act.org/standard/planact/science/index.html)

The questions asked to test a student’s ability to interpret data is a science literacy skill of reading and analyzing graphs and tables, as well as manipulating data.

Take, for example Passage II from a released ACT exam (http://www.act.org/aap/pdf/preparing.pdf, p44).  This passage presents data from 3 studies of Io’s volcanoes.  The graphs may look intimidating and students may say, “I’ve never studied Io.  I can’t answer these questions.”  Looking at the questions, though, shows that students need only understand how to read and interpret the graphs presented.

· Question 8 asks students to determine how one variable affect the other.

· Question 9 asks students to compare data presented on the same graph.

· Question 10 asks students to find data from a graph.

· Question 11 asks students to compare data from 2 studies.  This question may be a bit more challenging in that students will need to read the question in order to determine which Study 2 graph they are using for comparison.

· Question 12 is an extrapolation question.  While the data is not presented directly, students are asked to (mentally) determine a trend.

· Question 13 tests students understanding of the term reflectance.  This term is defined in the Study 1 passage.  This question is testing the literacy skill of understanding what is written.

Some simple strategies that you could incorporate into your lessons include

· locate several data points in a simple table or graph

· make comparison between sets of data

· determine how a change in one variable affects another variable

· translate information in a table, graph or other data representation

· interpolate and extrapolate data

As your students progress in their understanding you may wish to begin introducing multivariable data (i.e. climatographs).

(Strategies from Connecting College Readiness Standards to the Classroom. ACT)

These strategies can be incorporated into your planned lesson; not taught in isolation.  The goal is to help students gain science skills that they can use outside of school and testing situations.  The inclusion of these skills, with a demonstrable tie-in to what students are learning at the time, will assist in making data interpretation second nature.
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Radioactive Decay
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Technique used to estimate geologic age







Plate Tectonics
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Continents change shape and location over time







ENERGY IN EARTH’S SYSTEMS
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Internal and External sources of energy







Global Climate
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Weather & Climate (in)directly affected by solar input & physical features







Heat Transfer
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Heat is random motion of vibrations of atoms/molecules







Energy Transfer within System
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As energy flows through a system, some is transferred as heat into the environment
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Organisms with favorable physical/behavioral characteristics more likely to survive climatic changes







Nuclear Fission
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Relationship between nuclear reactions and energy
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Geologic features can affect weather and climate patterns







Climate changes can affect evolutionary patterns












