Phases of the Moon

Goal:
To construct an active, physical model of the Earth-Moon-Sun system, demonstrating the causes of the phases of the Moon.

NSES:



K – 4
  

While there are objectives that can be met be this activity for grades k – 4, many children at these ages do not have a sophisticated enough understanding of the Solar System or of light and shadow to truly understand this model.

Science as Inquiry (Content Standard A):  As a result of activities in grades K-4, all students should develop

ABILITIES NECESSARY TO DO SCIENTIFIC INQUIRY

· Ask a question about objects, organisms, and events in the environment. This aspect of the standard emphasizes students asking questions that they can answer with scientific knowledge, combined with their own observations.  Students should answer their questions by seeking information from reliable sources of scientific information and from their own observations and investigations.
· Use data to construct a reasonable explanation.  This aspect of the standard emphasizes the students’ thinking as they use data to formulate explanations.  Even at the earliest grade levels, students should learn what constitutes evidence and judge the merits or strength of the data and information that will be used to make explanations. After students propose an explanation, they will appeal to the knowledge and evidence they obtained to support their explanations.  Students should check their explanations against scientific knowledge, experiences, and observations of others.
· Communicate investigations and explanations.  Students should begin developing the abilities to communicate, critique, and analyze their work and the work of other students. This communication might be spoken or drawn as well as written.
UNDERSTANDING ABOUT SCIENTIFIC INQUIRY

· Scientists use different kinds of investigations depending on the questions they are trying to answer. Types of investigations include describing objects, events, and organisms; classifying them; and doing a fair test (experimenting).

· Scientists develop explanations using observations (evidence) and what they already know about the world (scientific knowledge). Good explanations are based on evidence from investigations.

· Scientists make the results of their investigations public; they describe the investigations in ways that enable others to repeat the investigations.

· Scientists review and ask questions about the results of other scientists’ work.

Earth and Space Science (Content Standard E):  As a result of their activities in grades K-4, all students should develop an understanding of

OBJECTS ON THE SKY

· The sun, moon, stars, clouds, birds, and airplanes all have properties, locations, and movements that can be observed and described.
CHANGES IN THE EARTH AND SKY

· Objects in the sky have patterns of movement.  The sun, for example, appears to move across the sky in the same way every day, but its path changes slowly over the seasons. The moon moves across the sky on a daily basis much like the sun. The observable shape of the moon changes from day to day in a cycle that lasts about a month.
5 – 8

Science as Inquiry (Content Standard A):  As a result of activities in grades 5 - 8, all students should develop

ABILITIES NECESSARY TO DO SCIENTIFIC INQUIRY 

· Identify questions that can be answered through scientific investigations.  Students should develop the ability to refine and refocus broad and ill-defined questions.  An important aspect of this ability consists of students’ ability to clarify questions and inquiries and direct them toward objects and phenomena that can be described, explained, or predicted by scientific investigations.  Students should develop the ability to identify their questions with scientific ideas, concepts, and quantitative relationships that guide investigation.

· Design and conduct a scientific investigation.   Students should develop general abilities, such as systematic observation, making accurate measurements, and identifying and controlling variables. They should also develop the ability to clarify their ideas that are influencing and guiding the inquiry, and to understand how those ideas compare with current scientific knowledge. Students can learn to formulate questions, design investigations, execute investigations, interpret data, use evidence to generate explanations, propose alternative explanations, and critique explanations and procedures.
· Use appropriate tools and techniques to gather, analyze, and interpret data.  The use of tools and techniques, including mathematics, will be guided by the question asked and the investigations students design.  The use of computers for the collection, summary, and display of evidence is part of this standard.  Students should be able to access, gather, store, retrieve, and organize data, using hardware and software designed for these purposes.

· Develop descriptions, explanations, predictions, and models using evidence.  Students should base their explanation on what they observed, and as they develop cognitive skills, they should be able to differentiate explanation from description — providing causes for effects and establishing relationships based on evidence and logical argument.  This standard requires a subject matter knowledge base so the students can effectively conduct investigations, because developing explanations establishes connections between the content of science and the contexts within which students develop new knowledge.

· Think critically and logically to make the relationships between evidence and explanations.  Thinking critically about evidence includes deciding what evidence should be used and accounting for anomalous data.  Specifically, students should be able to review data from a simple experiment, summarize the data, and form a logical argument about the cause and effect relationships in the experiment.  Students should begin to state some explanations in terms of the relationship between two or more variables.

· Recognize and analyze alternative explanations and predictions.  Students should develop the ability to listen to and respect the explanations proposed by other students.  They should remain open to and acknowledge different ideas and explanations, be able to accept the skepticism of others, and consider alternative explanations.

· Communicate scientific procedures and explanations.  With practice, students should become competent at communicating experimental methods, following instructions, describing observations, summarizing the results of other groups, and telling other students about investigations and explanations.

· Use mathematics in all aspects of scientific inquiry.  Mathematics is essential to asking and answering questions about the natural world.  Mathematics can be used to ask questions; to gather, organize, and present data; and to structure convincing explanations.

UNDERSTANDINGS ABOUT SCIENTIFIC INQUIRY

· Different kinds of questions suggest different kinds of scientific investigations.  Some investigations involve observing and describing objects, organisms, or events; some involve collecting specimens; some involve experiments; some involve seeking more information; some involve discovery of new objects and phenomena; and some involve making models.

· Current scientific knowledge and understanding guide scientific investigations.  Different scientific domains employ different methods, core theories, and standards to advance scientific knowledge and understanding.

· Mathematics is important in all aspects of scientific inquiry.

· Scientific explanations emphasize evidence, have logically consistent arguments, and use scientific principles, models, and theories.  The scientific community accepts and uses such explanations until displaced by better scientific ones.  When such displacement occurs, science advances.

· Science advances through legitimate skepticism.  Asking questions and querying other scientists’ explanations is part of scientific inquiry.  Scientists evaluate the explanations proposed by other scientists by examining evidence, comparing evidence, identifying faulty reasoning, pointing out statements that go beyond the evidence, and suggesting alternative explanations for the same observations.

· Scientific investigations sometimes result in new ideas and phenomena for study, generate new methods or procedures for an investigation, or develop new technologies to improve the collection of data.  All of these results can lead to new investigations.

Earth and Space Science (Content Standard D):  As a result of their activities in grades 5-8, all students should develop an understanding of

EARTH IN THE SOLAR SYSTEM

· Earth is the third planet from the sun in a system that includes the moon, the sun, eight other planets and their moons, and smaller objects, such as asteroids and comets. The sun, an average star, is the central and largest body in the solar system.

· Most objects in the solar system are in regular and predictable motion. Those motions explain such phenomena as the day, the year, phases of the moon, and eclipses.

9 – 12

Science as Inquiry (Content Standard A):  As a result of activities in grades 9 - 12, all students should develop

ABILITIES NECESSARY TO DO SCIENTIFIC INQUIRY

· Identify questions and concepts that guide scientific investigations.  Students should formulate a testable hypothesis and demonstrate the logical connections between the scientific concepts guiding a hypothesis and the design of an experiment.  They should demonstrate appropriate procedures, a knowledge base, and conceptual understanding of scientific investigations.

· Design and conduct scientific investigations.  Designing and conducting a scientific investigation requires introduction to the major concepts in the area being investigated, proper equipment, safety precautions, assistance with methodological problems, recommendations for use of technologies, clarification of ideas that guide the inquiry, and scientific knowledge obtained from sources other than the actual investigation.  The investigation may also require student clarification of the question, method, controls, and variables; student organization and display of data; student revision of methods and explanations; and a public presentation of the results with a critical response from peers.  Regardless of the scientific investigation performed, students must use evidence, apply logic, and construct an argument for their proposed explanations.

· Use technology and mathematics to improve investigation and communications.  A variety of technologies, such as hand tools, measuring instruments, and calculators, should be an integral component of scientific investigations.  The use of computers for the collection, analysis, and display of data is also a part of this standard.  Mathematics plays an essential role in all aspects of an inquiry.  For example, measurement is used for posing questions, formulas are used for developing explanations, and charts and graphs are used for communicating results.

· Formulate and revise scientific explanations and models using logic and evidence.  Student inquiries should culminate in formulating an explanation or model.  Models should be physical, conceptual, and mathematical.  In the process of answering the questions, the students should engage in discussions and arguments that result in the revision of their explanations.  These discussions should be based on scientific knowledge, the use of logic, and evidence from their investigation.

· Recognize and analyze alternative explanations and models.  This aspect of the standard emphasizes the critical abilities of analyzing an argument by reviewing current scientific understanding, weighing the evidence, and examining the logic so as to decide which explanations and models are best.  In other words, although there may be several plausible explanations, they do not all have equal weight.  Students should be able to use scientific criteria to find the preferred explanations.

· Communicate and defend a scientific argument.  Students in school science programs should develop the abilities associated with accurate and effective communication.  These include writing and following procedures, expressing concepts, reviewing information, summarizing data, using language appropriately, developing diagrams and charts, explaining statistical analysis, speaking clearly and logically, constructing a reasoned argument, and responding appropriately to critical comments.

UNDERSTANDINGS ABOUT SCIENTIFIC INQUIRY

· Scientists usually inquire about how physical, living, or designed systems function.  Conceptual principles and knowledge guide scientific inquiries.  Historical and current scientific knowledge influence the design and interpretation of investigations and the evaluation of proposed explanations made by other scientists.

· Scientists conduct investigations for a wide variety of reasons.  For example, they may wish to discover new aspects of the natural world, explain recently observed phenomena, or test the conclusions of prior investigations or the predictions of current theories.

· Mathematics is essential in scientific inquiry.  Mathematical tools and models guide and improve the posing of questions, gathering data, constructing explanations and communicating results.

· Scientific explanations must adhere to criteria such as: a proposed explanation must be logically consistent; it must abide by the rules of evidence; it must be open to questions and possible modification; and it must be based on historical and current scientific knowledge.

· Results of scientific inquiry—new knowledge and methods — emerge from different types of investigations and public communication among scientists.  In communicating and defending the results of scientific inquiry, arguments must be logical and demonstrate connections between natural phenomena, investigations, and the historical body of scientific knowledge.  In addition, the methods and procedures that scientists used to obtain evidence must be clearly reported to enhance opportunities for further investigation.

Earth and Space Science (Content Standard D):  While phases of the Moon are not explicitly included in the standards for grades 9 – 12, many students will still be developing their understanding of the Universe.  This activity can be used as a brief check-up on their level of understanding.

Objectives:
Students will be able to

· Label the phases of the Moon: new moon, quarter moon, full moon, crescent moon, gibbous moon, waxing, and waning.
· Construct a 2-dimensional and 3-dimension model of the Earth-Moon-Sun system, focusing on the positions and movement of each.

· Identify in writing and/or drawing the physical relationships between Earth, Moon, and Sun, which result in the phases of the Moon.

Advanced students will also be able to

· Describe the conditions necessary for the existence of lunar and solar eclipses.

· Describe the annual motion of the Moon.

· Explain the pattern of the appearance of the Moon in the sky.

Materials:

Per Class

· clip from a fictional video about the Moon

· unshaded lamp

· dark room

· frosted globe light bulb of appropriate wattage for lamp

· Reference resources

Per Student

· “Phases of the Moon” worksheet

· baseball cap (or similar billed hat)

· 12 inch dowel rod (1/4 – 1/2 inch diameter)

· 2 inch Styrofoam ball

· 30 inch piece of string

· ruler

· “Phases of the Moon and Time of Day” worksheet (optional)

Directions

1. ENGAGE

· Show some of an engaging fictional video about the Moon.  (I recommend A Grand Day Out with Wallace and Gromit, but any funny, wildly inaccurate one will do.)  

· Review with students what they already know about the Sun, Earth, and Moon.  Allow groups of four students to brainstorm together, then to share with the class. You may want to start a K-L-W chart.  The ideas can be recorded in a table for the class to see and should include indications of size and placement.  There may be incorrect information, but these will be reviewed and corrected later.

· List questions students have about the Moon.  Some of these may not be answered by this investigation, but that is okay.

· Discuss with students how important the Moon has been to human culture throughout history, most importantly as a timepiece, but also as a god and as an inspiration. 

· As a class, develop a list of the phases of the Moon including full, gibbous, quarter, crescent, and new.  Discuss with them the correct order of the phases, starting with the full moon and labeling those that are waxing or waning.  They should identify that the Moon changes shape over time, that a Moon growing larger is waxing, and that, growing smaller, it is waning. In the section of the table for the Moon, students should draw and label the phases of the Moon in order: full, waning gibbous, quarter, waning crescent, new, waxing crescent, quarter, waxing gibbous.

1. EXPLORE

· Attach a dowel rod to the brim of each of the baseball hats.  This can be done with tape for short-term use, but for long-term use, more durable methods, such as adhesives, should be used.

· Put the Styrofoam ball on the end of the dowel rod.

· Place the unshaded lamp in the center of the room.  Make sure that the room can get very dark – the darker, the better (and the younger the students, the darker the room they need).  Clear the area around the light so that all students can stand with a clear view of it and have some room to move.

· Students should put the “Moon hat” on.  It is preferable to have all students doing this at the same time, instead of in groups.  This will require each student to explore on his or her own more rather than simply mimic classmates.

· Students should identify the parts of the model system.  The light bulb is the Sun, though not to scale (far too small and too close). The Styrofoam ball is the Moon.  Many students will have a hard time identifying Earth, which is their own head.  

· Students should attempt to form a quarter (or half) moon with their moon.  This will require them to stand so that the dowel rod is perpendicular to the line from the student to the Sun (see diagram below).

· Students should form a new moon and a full moon.  Some students will have a hard time dealing with the shadow their own body casts for full moons.  They need to tilt their heads to move the Moon above their shadow.  Some may have difficulty with their moon covering the Sun during the new moon phase.  They also need to tilt their heads slightly to uncover the Sun.  They should note these problems for discussion later.

· Students should take time to draw and/or write a description of each phase, including the placement of each body and the appearance of the Moon.

2. EXPLAIN

a. Explaining the model

· Make sure that the class records the average diameters of the Sun, Earth, and Moon and the distances between them.  If they do not identify these data on their own, have them research the information using textbooks, encyclopedia, NASA resources, or others.

· Determine the ratio of Earth’s diameter to that of the Moon.  Compare this ratio to that of their heads to the Styrofoam ball.  Students may need help determining the diameter of their heads.  This can be done by using a string to measure the circumference of their heads, then using the formula for circumference (C = d, therefore d = C/) to determine the diameter.  They can figure out the diameter of the ball in the same manner.  The two ratios should both be roughly 1/4.  Students should recognize the similarity.  In this model, Earth and the Moon are to scale in terms of size.

· Discuss whether the Sun model is also to scale with the Earth/head and the Moon/ball.  Students should recognize that it is far too small and can offer explanations for why a correctly sized Sun is not used.  

· Students should also realize that the Moon is far too close when placed on the end of the dowel rod.  To scale, the dowel rod would have to be approximately 20 feet long to place the Moon the correct distance away!

· On this same scale, the Sun would have to be about a mile and a half away from Earth!  Working out these ratios is an excellent use of basic algebra in the science classroom and can be required of more advanced students. 

b. Explaining the phases

· Have students share their explanations of each phase.  Their drawings should be something like those below(these are looking down on Earth’s northern hemisphere).

· There will be probably disagreement about exactly how the positions of the bodies relate to the images seen in the sky.  Students should go back to the demonstration with the hats to confirm or disprove ideas.  Some students will pick up the relationship quickly, but others will need the opportunity to discuss, re-examine, and re-evaluate.

Students should be able to identify the pattern in the changing appearance of the Moon in the sky and relate it to the direction of movement around Earth (counter clockwise).



New 


Waxing Crescent


First Quarter 


Waxing Gibbous


Full


Waning Gibbous


Third Quarter


Waning Crescent 

3. EXTEND

· Go over questions raised by students during the “Exploration”.  Some helpful information:

· The Moon passes behind Earth during the full moon -- Earth is tilted 23 degrees from the solar plane and the Moon about 5 degrees from Earth’s equatorial plane.  This means that, most of the time, the Moon swings above or below Earth’s shadow.  When it does not, we have a lunar eclipse, when we can see the Moon move into and out of Earth’s shadow.

· The Moon blocks the Sun during the new moon – As above, the Moon does not orbit on the solar plane, but at an angle to the equatorial plane.  This means that, most of the time, the Moon appears to pass above or below the Sun in our sky.  Near perfect solar eclipses, when the Moon nearly perfectly covers the Sun in the sky are a coincidence of time and place.  They are rare in the Universe, occurring only where the sizes of a planet’s moon and its sun are proportional to the distances between the moon and the planet and the planet and the sun.   At this time in our history, the Moon and the Sun appear to be nearly the same size in our sky.  If the Moon were closer to Earth, it would appear larger; just as, if Earth were closer to the Sun, the Sun would appear larger.  If the distances were greater, each body would appear smaller.  In the past, the Moon was closer to Earth and during a solar eclipse would have more than completely covered the Sun, while in the future, the Moon will be farther away.  During a solar eclipse in the distant future, the Moon will ever only partially cover the Sun, even when it is directly between it and Earth. 

· Have student determine which way the Moon orbits Earth.  (From the perspective of looking down at the northern hemisphere, it orbits counter-clockwise.)

Allowing only one or two students to demonstrate, have the class try to plot the movement of the Moon over the course of an entire year.  They will need to determine approximately how many orbits the Moon makes around Earth in that time, based on the length of the lunar cycle (about 12.4).  Students should develop a plan to demonstrate this model.  One suggestion is to allow students to make circle around the Sun (as large as the space can accommodate) and divide it into 12.4 segments (290).  As one person, representing Earth, moves around the Sun, another, representing the Moon, moves around Earth.  The Moon should complete one orbit for each of the segments.  This gets much more complex than most students expect.  If other students mark the Moon’s pathway, they will have a good representation of its movement.  It is important to notice that the Moon does not make any actual circle, but rather a curvy pattern over the course of the entire year.



* Not to scale in size or distance!

* Perspective from above the northern hemisphere

· Review lists made at the beginning of the lesson.  Allow students to correct any misconceptions or inaccurate entries.  Follow up with any additional corrections that still need to be made.

4. EVALUATE

· Require that students observe the Moon daily over a period from one to four weeks.  They should keep a log of the shape of the Moon and the time of day they observed it for that period.  They should then compare this to their notes here to confirm that they are in agreement.

· If students are required to note the time of day observed, they can extend their understanding of the relationship between the placement of the bodies and the time the Moon is visible in the sky on Earth.

Phases of the Moon
Name        KEY

	Phase
	Appearance
	Diagram

	New 

Waxing Crescent

Waxing Quarter 

Waxing Gibbous

Full

Waning Gibbous

Waning Quarter

Waning Crescent 


	
	


Phases of the Moon
Name


Identify each of the phases of the Moon by name.  Draw the appearance of the Moon in the sky for each.  Then diagram the positions of the Sun, Earth, and Moon during each phase. 

	Phase
	Appearance
	Diagram

	
	
	


Phases of the Moon
NAME        KEY


and Time of Day
Fill in the time of day at which you observe each phase under each of the conditions listed.  After one full lunar cycle, there will probably still be blank spaces in the column.  Determine whether these blank spaces should be filled in with “midnight” or “early morning” (as, obviously, you will not be expected to make those observations directly) or “not visible”.

Time Choices:
Sunrise
Noon
Sunset
Midnight


Midmorning
Afternoon
Evening
Early Morning
	Phase
	Rises
	In Eastern Sky
	Highest in Sky
	In Western Sky
	Sets

	New
	Not Visible (Sunrise)
	Not visible (Midmorning)
	Not Visible (Noon)
	Not Visible (Afternoon)
	Not Visible (Sunset)

	Waxing Crescent
	Not Visible (Sunrise/ Midmorning)
	Not visible (Midmorning)
	Not Visible (Noon/ Afternoon)
	Not Visible (Afternoon)
	Not Visible (Sunset/ Evening)

	First Quarter
	Noon
	Afternoon
	Sunset
	Evening
	Midnight

	Waxing Gibbous
	Afternoon
	Sunset
	Evening
	Midnight
	Early Morning

	Full
	Sunset
	Evening
	Midnight
	Early Morning
	Sunrise

	Waning Gibbous
	Evening
	Midnight
	Early Morning
	Sunrise
	Midmorning

	Third Quarter
	Midnight
	Early Morning
	Sunrise
	Midmorning
	Noon

	Waning Crescent
	Not Visible (Early Morning/ Sunrise)
	Not visible (Midmorning)
	Not Visible (Midmorning/ Noon)
	Not Visible (Afternoon)
	Not Visible (Afternoon/ Sunset)


Why is the Moon not visible at times during its cycle? 
Sometimes the Moon is not 


visible because it is too close to the Sun.  The Sun, being much brighter than the 


Moon, makes the Moon fade into the background, just as it does the stars.


Table adapted from
Astronomical Society of the Pacific’s The Universe in the Classroom, No. 12, Winter 1988-1989: “The Moon:  It’s Just a Phase It’s Going Through…”

Phases of the Moon
NAME 


and Time of Day
Fill in the time of day at which you observe each phase under each of the conditions listed.  After one full lunar cycle, there will probably still be blank spaces in the column.  Determine whether these blank spaces should be filled in with “midnight” or “early morning” (as, obviously, you will not be expected to make those observations directly) or “not visible”.

Time Choices:


Sunrise

Midmorning

Noon

Afternoon

Sunset

Evening

Midnight

Early Morning

	Phase
	Rises
	In Eastern Sky
	Highest in Sky
	In Western Sky
	Sets

	New
	
	
	
	
	

	Waxing Crescent
	
	
	
	
	

	First Quarter
	
	
	
	
	

	Waxing Gibbous
	
	
	
	
	

	Full
	
	
	
	
	

	Waning Gibbous
	
	
	
	
	

	Third Quarter
	
	
	
	
	

	Waning Crescent
	
	
	
	
	


Why is the Moon not visible at times during its cycle? 
 


Table adapted from
Astronomical Society of the Pacific’s The Universe in the Classroom, No. 12, Winter 1988-1989: “The Moon:  It’s Just a Phase It’s Going Through…”
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Moon’s Orbit around Earth





Earth’s Orbit around the Sun
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