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Students who take a college leve introductory astronomy lab course for norscience mgors
answer survey questions about the Moon and its phases as part of aregular curriculum. We
andyze responses to these questions to determine student ideas about the phases of the Moon
and whether or not there is any pattern to these idess. In addition, we look at the effects of
changes to an astronomy lab lesson that incorporate ared three-dimensond (3D) mode of the
Sun/Earth/Moon system to determine whether or not the use of areal 3D modd affects student
ideas about the Moon and its phases. Our hypothesisis that there is arelationship between the

concept that the phases of the Moon are caused by Earth’ s shadow and the concept that the



Moon is more gpt to be up a night than during the day. We aso propose that the 3D modd will
assist sudentsin obtaining correct conceptions about the Moon. Results from the study show
that college-level students possess unscientific ideas about the cause of the phases of the Moon
and thet alarge percentage of these sudents believe the Moon isonly up at night. Students
ideas about the phases did not show any relaionship to their ideas about when one is most
likely to observe the Moon whether it is night or day. Use of the 3D modd did not have an

effect on sudents gaining scientific concepts about the Moon and its phases.
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CHAPTER 1

INTRODUCTION

In much of the research into science education there lies afocus on student misconceptions
and conceptua change. Students come into the classroom with ideas about nature that are often
unscientific and deeply rooted in the culture of the individua student. Scientists and educators
are faced with the challenge of getting students to adopt accepted scientific thought to explain
natura phenomena, overturning ther existing unscientific ideas in what education researchers
refer to as a process of conceptuad change.

A mode for conceptua change, often referred to as the misconceptions mode, proposes
dedling with unscientific student ideas as naive and inaccurate - ideas that must be confronted as
wrong. When these ideas are shown to the students as Awrong, @ a dissonance developsin the
cognitive processes of the student, and the naive ideas that have explained the naturd
phenomena to the student are now chalenged. The resolution to this conflict isto present the
accepted scientific concept hoping that the students can recognize it as a more acceptable
explanation. Hermann and Lewis describe this approach as a three step process involving,
Aidentifying the misconception, Aoverturning the misconception,@ and Areplacing the
misconception (Hermann & Lewis, 2003).

The misconceptions moded involves conflict in the student cognitive process and researchers

have developed modds of conceptua change that approach the replacing of unscientific ideas



with scientific ones by building on exiging student ideas, whether they be naive, unscientific or
incorrect. Ultimately, concepts and knowledge and the way they form or change are as diverse
as sudents themsdlves. In his paper, “More than misconceptions. Multiple perspectives on
student knowledge and reasoning, and an appropriate role for education research,” Hammer
addresses this broad spectrum of student cognition by advising researchers and educators to
expand their perceptions of the learning process and avoid defining a particular modd of student
reasoning (Hammer, 1995).

Student ideas about the phases of the Moon come from concepts that developed long
before any scientific ingruction. How far back do these ideas go in terms of their permanencein
memory? Higtoricaly and anthropologicaly, the concepts about the Moorrs phases are old and
numerous. In Paul Katzeff=s book, AMoon Madness,i he mentions severd traditiond bdiefs
about the phases of the Moon. One such belief isthe way atribe of Augtrdian aborigines
explained the waning Moon as a woman whose endless partying causes her to lose weight
(Katzeff, 1988). In our own culture, concepts about the Moon come from family members,
books, television, movies, etc.

Until Western/Christian based culture adopted a heliocentric view of our immediate universe,
theories about the celestid bodies that are now consdered scientifically inaccurate abounded,
yet a thetime they were devised by the great thinkers of that era and were accepted thought.
Today we till teach Newtonian gravitation, though scentificdly it isincomplete. NASA relies

on Generd Rddivity to calculate orbits, but to teach Eingtein’s theory, even a acollegeleved, is



essentidly unfeasible. In essence this very process of limiting knowledge creates a
misconception. The question is how much of a conceptua change do we expect sudentsto
make? From the educator’ s standpoint, the unscientific ideas about the Moon are wrong and
need to be replaced with the correct, scientifically accepted ideas. From the student’ s view, the
long-held ideas work well to explain what they see in nature, as did the geocentric modd of the
universe work for thousands of years. So when is a concept a misconception, or more gptly, if a
once accepted scientific conception can become a Amisconception,§ why carrt a currently held
scientific conception become a misconception too? In science, we use the method of testing
theories with experimentation to validate our ideas and sort out our “misconceptions.”
Conceptions about nature evolve as our knowledge of the universe grows.

Asingtructors and researchers, we are faced with the chalenge of conceptua change as
extremdy difficult to achieve. In this research, we approach conceptua change as a scientific
process of testing ideas with experimentation Thisthess is divided into two parts. Part One
looks at student conceptions about the phases of the Moon. The hypothesis of the research for
this part istha certain unscientific ideas about the phases of the Moon are prevaent even within
college-level students and that there is a relationship between the concept that the phases of the
Moon are caused by Earth’s shadow and that the Moon is more gpt to be up at night than
during the day. In addition, we look at whether or not correct ideas about the cause of the lunar
phases are associated with awareness of the day/night cycles of the Moon. This part of the

research utilizes three research questions that students answer as part of the regular curriculum



in an introductory astronomy lab. We analyze how these research questions are answered by
students in the astronomy course during the spring 2004, fall 2004 and spring 2005 semesters
and in an online version of the course during the spring of 2005.

Part Two looks into changesin ingtruction for alunar phases astronomy lab. We present the
students with amodel of the Sun/Earth/M oon system and alow them to test their ideas about
the phases of the Moon by experimenting with that modd. The modd, ared (not virtua) 3D
modd of the Sun/Earth/Moon system, is incorporated into alesson on the phases of the Moon
that the students perform about halfway through the semester Iab course. It replaces a portion of
the ingtruction that required students to assemble their own 3D modd. In addition to the use of
the modd, we modified the lesson to incorporate it. We will compare the results of two
semedters. The spring 2004 semester represents the control group and fal 2004 semester
represents the experimenta. Our hypothesisis that a concrete visua and kinesthetic model
asssts them more in making the observations needed to form scientific conceptions about the
Moon and its phases. We test this by analyzing the responses to the survey questions both
before and after the lab is performed by the students. We aso look at performancein the lab

itsdf to seeif thereis asignificant change in student ideas about the Moon.



CHAPTER 2

A REVIEW OF RELEVANT RESEARCH AND OTHER WORKS

Many of the dternative ideas students bring into the classroom about the phases of the
Moon stem from deeply rooted and difficult-to-change concepts they acquired a ayoung age.
For example, children’s books often present the Moon as only being present in the nighttime
sky and the Sun being present in the daytime sky, when the redlity is that the Moon is present in
the daytime sky just as often asit isin the nighttime sky in any given month (orbital cycle of the
Moon).

Sampling books from a day care center library, we found three titles of interest that support
this statement. “what makes day and night,” by Franklyn M. Branley, published by Thomas Y.
Crowdl in 1961, issdf-described as a, “ .. .|et’ s-read-and-find-out science book.” In this book,
which describes the causes of night and day, every picture of the Moon is associated with night
time. On page 16, a night picture, the Moon is awaning crescent which means that the Moon is
close to the Sun and would therefore be visble during the daytime for alonger period than it
would be & night.

In the Sesame Street/Golden Press Book published in 1991 titled “ Seep Tight!” by
Congtance Allen, dl the daytime pictures show the Sun in the background. All the night time
pictures show awaxing crescent moon in the background. Again, this phase of the Moon would

be more prevaent in the daytime sky. Ethel and Leonard Kesder’s “The Day Daddy Stayed



Home,” published in 1959 by Xerox Education Publications shows a bed time scene with a
waning crescent moon. Having this phase of the Moon present would mean the child in the story
was being put to bed some time after midnight and most likely very closeto sunriseif such a
phase were to be above the horizon enough to gppear in a bedroom window. Other books
reviewed made smilar mistakes about the Moon and understandably, from an artistic pogtion, a
crescent moon is more interesting than a full moon. Some of the books reviewed did show afull
moon in night scenes which makes their representation of the Moon correct. One of those
books was a Baby' s First Book titled “Baby Looks’™ published in 1960 by Western Publishing
Company.

In looking into student ideas about the Moon that are often fostered at early ages, we have
reviewed the works of others who have done research in this area. Because much of thisthes's
revolves around conceptua change, review of studiesinto conceptua change are also covered.
2.1 Baxter

John Baxter (1989) investigated the ideas 9 to 16 year olds held about (i) Earth, space and
gravity, (i) day and night, (ii) the phases of the Moon and (iv) seasons (Baxter, 1989). His
method of research utilized taped and transcribed interviews with 20 students to develop a
survey ingrument which was then given to 100 students (48 boys and 52 girls) across the age
gpan (Baxter, p 503).

The survey instrument presented to the students looked into five possible concepts about the

cause of the Moon’ s phases. They were: clouds cover part of the Moon, a planet castsa



shadow of the Moon, the Sun casts a shadow on the Moon, Earth casts a shadow on the
Moon, and the portion of the illuminated sde of the Moon visible from Earth changes. Baxter

presented the results from the survey graphicaly in hisarticle (See Figure 1).

CHILDREN'S UNDERSTAMNDING OF FAMILIAR ASTROMOMICAL EVENTS
Matians J
I. Clouds cover port of the Moon

2. 5hadow af o plonet
3. Shadogw af the Sunm,

4 Shodow of the Earih.

S Portior of illuminagted side of
the Moon visible from the
Eorih changes.

Figure 1 (Baxter, p 510. Copyright 1989, Int. Journ. Of Sci. Ed.)

Baxter makes an important point relating to al the areas of the research and not just
questions about the Moon. In referring to “pupils notions’ heis referencing their concepts

about the four areas of the research cited above.

The fact that many pupils' notions have historical parallels is forming a useful
teaching point. Presentations of ideas held in the past are being used to
demonstrate the tentative nature of science. The reference to historical ideas
possibly makes pupils feel more comfortable when they realize that their notions,
although incorrect in the light of scientific advancement, were once the popular
view. They are also giving pupils insights into the kinds of evidence that encouraged
scientists over the years to change their theories (Baxter, p 512).



2.2 Stahly, Krockover & Shepardson.

Sahly, Krockover & Shepardson (1999) looked into third graders ideas about the Moon's
phases both before and after ingtruction. Their methods used interviews from four sudents from
athird grade class of 21. These students varied in abilities and were chosen based on criteria
thet included their communication skills. The instruction the students received consisted of 6
lessons over aperiod of 3 weeks, which included the presentation of a 3D mode of the
Sun/Earth/Moon system. With the researcher acting as ateacher, the materia was presented to
the students to facilitate their learning while their concepts and conceptua changes were
monitored and recorded. Results were obtained from interviews and drawings made by the
students.

Sahly et d. found some scientific ideas present after ingtruction among the four “key
informants’ they interviewed and observed, but they aso found that “The third grade students
aso seemed to maintain some aspects of their origina conceptions representing the resilience of
their idess.”

2.3 Trumper

Trumper (2000) surveyed students entering an introductory astronomy course with an
ingtrument of 19 questions covering severa topicsin basic astronomy. Question 2 on his survey
inventoried conceptions about the phases of the Moon (See Figure 2). His results showed 31.6
% of students believed that the phases of the Moon are caused by Earth' s shadow. Correct

answerswere given by 51.3 % of the students (Trumper, p 10). The article was an account of



asurvey and did not address any efforts toward conceptua change.

a. The Moon moves into the Earth’s shadow.

b. The Moon moves into the Sun’s shadow.

¢. The Moon is black on one side, white on the
other, and rotates.

d. The Moon moves around the Earth. v/

2. The diagrams below show how the Moon
appeared one night, and then how it appeared a few
nights later. What do vou think best describes the
reason for the change in the Moon’s appearance?

One night A few nights later

Figure 2 (Trumper, pp 12-13. Copyright 2000, Phys. Ed.)

2.4 Barnett and Moran

Barnett and Moran (2002) investigated student conceptions about the Moon and utilized a
curriculum to help students develop an understanding of the SurVEarth/Moon system. The
gpproach usad an “edectic” mix of indructionad materias including a3D computer model. The
indructiond approach was consstent with current thinking about conceptua change theory (see
Posner et. d. 1982), namdy respecting student ideas, whether scientific or not, and building on
those exigting student ideas by providing ways for students to make the proper connections
toward a scientific understanding.

Results from the study which included andysis of interviews with the sudents were mixed.

Barnett and Moran sum it up asfollows.

The findings in this study suggest that students at Grade 5 level can develop a
sophisticated understanding of the phases of the Moon and eclipses and that
instruction does not necessarily need to directly address students' alternative

9



frameworks to promote conceptual change. However these findings need to be
tempered somewhat. For instance, the post-interviews occurred immediately at the
conclusion of the course whereas a delayed interview of perhaps 6 months to a
year would yield more conclusive evidence that students' conceptual understanding
did indeed change. In addition, the class size was small, and the students were
taking the course by their own choice. Therefore our instructional techniques will
need to be used with a larger group of students and within a more traditional
science classroom if we are to make any generalizeable claims concerning student
learning. (Barnett and Moran, p. 875)

25 Lindell

In looking into existing research into student understanding of the phases of the Moon, Dr.
Rebecca Linddl’s name came up. We were able to review her “Moon Concept Inventory” aso
known asthe Lunar Phases Concept Inventory (LPCI) and alesson titled, “ Activity 5:
Observing the Moon.” This particular activity is designed to get sudents to observe that the
orbit of the Moon around the Earth affects the phases. Question 14 in the activity specificaly
asks, “What portion of the Moon isdwaysit?’ (Lindell). Some of her research was cited in an
Astronomy Education Review article by Jandle Bailey and Timothy Sater titled “A Review of
Astronomy Education Research” published in 2003. In thet article, Bailey and Sater Sate that
LinddI’ sresearch using the LCPI and the activity cited above showed an “unusualy large
average gan’ (Baley & Sater).
2.6 Barabet. al.

We were able to obtain a draft of adocument by Barab, et. dl. titled, “Virtua Solar System
Project” (VSS) that was presented for publication in the Journal of Science Education and
Technology. This research gave introductory astronomy students at the college level an inquiry-

based ingtruction where students worked in groups. At the core of the ingtruction was a

10



software package caled “CosmoWorlds’ that students used for various Smulations of
astronomica events. The course was divided into two projects the students completed. Project
1 addressed the Sun/Earth/Moon system. Students taking the course raised the issue that
learning the 3D software took away time from learning astronomy. In generd though, the
researchers felt that an inquiry based projects oriented ingtruction usng 3D modding was
beneficid versus alecture-tutoria based course.
2.7 McDermott

Relevant to this research is existing curriculum. We reviewed Section 5 from McDermott’s
Physics by Inquiry: Astronomy By Sght which deds with the phases of the Moon, primarily
as an informative dternative to the lecture — lab structure of AST 109-110. This particular
tutorial requires students to keep alog of Moon observations and utilizes that log to enable
students to observe changesin the Moon. It aso includes an experiment using abdl ina
darkened room with asingle light source to smulate the phases, this particular modd being very
smilar to the modd used by the spring (control) semester.
2.8 Fanetti

Fanetti (2001), in her thesisfor a Master of Science in Astrophysics presented to lowa State
University, examined as the title so aptly says, “ The relationships of scae concepts on college
age students' misconceptions about the cause of the lunar phases.” Her hypothesis was that
students who had skewed views of the scale of the Earth/Moon system were more gpt to

assume the Moon'’ s phases were caused by Earth’s shadow (Fanetti, p65). The results of the

11



research did not show a datigticaly significant connection between conceptions of the Moon's
phases and scale sze of the Earth/Moon system.
2.9 Posner et. al.

Posner et. a. (1982) explored the possihilities of developing a conceptud change theory.
Their article looks into the conditions that occur when conceptual change occursin astudent’s
mind and what does not occur when aless than scientific concept persists even after ingruction.
In summary of their discussion, conceptua change can only occur when astudent “....can
psychologicaly congtruct a coherent meaningful representetion of atheory...” (Posner, et d., p
217). That meaningful representation is not necessarily a scientific conception, but a
representation that works for the student.

2.10 Comins

In determining how to congtruct the questions about the Moon and for common ideas about
the Moon, we looked a Neil Comins’ book, Heavenly Errors for concepts people have about
the Moon and its phases, and arelated website where Comins has listed student misconceptions
about astronomica events. By looking at Moon phases misconceptions, we obtained ideas
about how to phrase questions used in our study. Comins aso describes the true cause of the
phases of the Moon in an explicit, easy to understand manner. He spends approximately 2 ¥2

pages discussing and refuting the idea that the phases are caused by Earth’ s shadow.
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CHAPTER 3

METHODOLOGY

3.1 Lesson Design

Thisthess project evolved from the desire by the physics and astronomy department to see
if there was some way to assess how well an introductory astronomy course enabled studentsto
fulfill their science requirement for the university generd education sandards. The University of
Maine sats genera education requirements that mandate students take the equivaent of two
physical or biologica science courses with laboratory sectionsin partid fulfillment of their
degree requirements. AST 109: Introduction to Astronomy aong with AST110: Introduction
to Astronomy Laboratory account for one of those science courses. These courses are
descriptive in nature and require some high school level mathematics. They are primarily taken
by non-science mgors.

AST 110: Introduction to Astronomy Laboratory, herein after referred to as AST 110, is
aone-credit-hour lab the conssts of 12 modules or units of ingtruction performed by students
with the aid of teaching tools such as computers, a planetarium, telescopes, discharge tubes of
different dements producing light, spectroscopes and modds. The lab consists of 10 sections of
gpproximately 24 students each, facilitated by a TA, that meets for approximately 2 hours each
week through the semester. In agiven week, one unit of ingruction is usudly covered. In

addition to the 12 lab units, there is aviewing portion of the lab that has sudents do actud
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observing of celestid objects and congtellation identification.

Origindly, AST 110 was designed to be done in alab workbook that was distributed at the
gart of the semester. At the beginning of the 2000-2001 academic year, Professor Batuski, the
course ingtructor, with the assstance of Adrienne Traxler, then an undergraduate student,
redesigned the units so thet they could be incorporated into WebCT, an internet-based course
tool for usng online ingruction. A mgor factor in the redesign of the course is that each
adronomy lab lesson is available to every student throughout the semester online for them to
read and study at their convenience. When the students come to class, they work in groups of
three and take a quiz, specificaly “synchronized” with a descriptive explanatory tutorid, as a
group. Each individua in the group receives a grade for that Iab based on the performance of
the group on the quiz.

Batuski and Traxler dso developed a series of mini-quizzes that are taken by the students on
their own before coming to class, available on the internet to be taken at their convenience. The
mini- quizzes contain questions relaing to each upcoming lab. Some of these questions are dso
of pretest and post-test nature. In other words, each mini-quiz contains some questions that
have the ability to inventory student conceptions before the upcoming and after an earlier
ingtruction unit. This particular aspect of the course design looked attractive as away of
evauding the effectiveness of the indruction, dong with scores from the group quizzestaken in
thelab.

The 12 units of ingtruction used in the lab are as follows,
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Lesson 1: An Introduction to using the astronomica telescope
Lesson 2: The Planisphere

Lesson 3: Surface features of the Moon
Lesson 4: The Skygazer-s Almanac

Lesson 5: Motions of the Spheres

Lesson 6: Phases and Eclipses of the Moon
Lesson 7: The Equatoria Coordinate System
Lesson 8: Time and the Celestid Sphere
Lesson 9: Orbit of Mercury and Kepler=slaws
Lesson 10: Stars and Stellar Distances

Lesson 11: Stars and Stellar Spectra

Lesson 12: Gaaxies

Of the 12 units, we chose ALesson 6: Phases and Eclipses of the Moo to start the process.
This particular lesson was picked primarily for a couple of reasons. First, thereis afar amount
of research available on student ideas about the phases of the Moon, so we hoped to utilize this
information in forming the andysis. Second, in preliminary experimentation with the questions
used in the mini-quizzes for afew of the lessons, it was found that a large percentage of students
have wdll-established aternative ideas (misconceptions) about what causes the lunar phases.

Since our ultimate god isto hep students incorporate accepted scientific thought into their ideas
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about nature, we felt that this was an area that needed attention.

We utilized the existing structure of AST 110 as much as possible so as to not conflict
with the format of the other lesson units. Before a particular 1ab meeting, the sudentstake a
pretest through the WebCT online course tool as mertioned earlier. This pretest conssts of ten
multiple choice questions. three questions are referenced directly to the lesson introduction that
the students can read at anytime (along with the complete lesson tutorid), four questions are of
pretest nature, and three questions are post-test questions relating to the previous week:s
lesson. These mini-quizzes are set up to be completed before any student attends the actua lab
meseting. Students who take the pretests after their lab meeting do not receive any credit for
them.

In the astronomy lab are eight computer terminas with Internet access aong with four large
laboratory work tables/benches. When students attend each lab, they form into groups of a
maximum of three students at the start of the lesson and continue to work together throughout
the session. A TA provides minima ingruction and primaxrily is there to make sure the computer
terminas and experimental equipment function properly. The tutorid or lesson indruction is
available on any of eght computer terminas dong with the accompanying quiz. Experimental
equipment, such as telescopes or the Sun/Earth/Moon mode, are set up for students to use.
The quiz questions are only available to the students in the actua 1ab meeting and are completed
by them in groups of amaximum of three individuas. Each group completes one quiz and

members of the group share the score they receive for that quiz. Following the lab, and once dl
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lab sections have met and completed the lesson, the mini-quiz for the next lesson in the course
sequence becomes available online to the students. As indicated earlier, this mini-quiz contains
three questions that were in the last mini-quiz, but now they have become of post-test nature.

For the Phases and Eclipses of the Moon Iab, each work table has a four-foot-long optica
bench set up. Each optica bench has a bright extended light source (alamp holder with a 50-
watt indoor flood lamp) at one end. In the middle of the bench is an Earth/Moon model
conggting of arotating center shaft with an angled end atached to which isa 2 inch rotatable
Styrofoam? ball. Attached to this Earth representation is awire arm with a smaler Styrofoam?
ball at its end, representing the moon. The wire arm assembly can revolve around the Earth
mode (See Figure 3). In addition, there is provided ametd dide that hasasmdl holein its
center. This dide can be placed in front of the lamp to Smulate a point source of light. Thereis
also a screen on a shaft which can be used to observe shadows created by the model when
configured according to tutoria ingtructions.

The entire setup presents the students with severd variables: the distance between the Sun
model and the Earth/Moon mode can be changed, the Earth modek:s axis of indination in
relation to the Sun mode can be changed by rotating the shaft the Earth mode is mounted on,
the Earth modd can rotate, the Moon mode can revolve around the Earth modd. By following
the tutorial, students can generate phases and eclipses and observe the physics involved to
produce them in actud three dimensions.

Onthefallowing pages (Figs. 3-9) are photographs of the model used in various
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configurations.

Figure 3 — Three-dimensional physical Earth/Moon model.
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Figure4 - Standard setup of 3D model with ambient light removed.
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Figure5 - Model simulating awaxing gibbous Moon.
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Figure 6 - Model simulating awaxing crescent Moon.
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Figure7 - Model simulating afirst quarter Moon.
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Figure 8 - Model simulating asolar eclipse
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Figure9 - Model simulating alunar eclipse
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Prior to the fal of 2004, students did not have access to this particular modd . Instead, they
had a light source on the optica bench and awooden dowel with two different sized bals
attached to the ends of the stick, looking very much like asmal irregular dumbbell. The
instruction directed the students to move this prop around in the path of the light source to
smulate phases and eclipses. Studentsin the spring of 2004 effectively had to build their own
3D modd (See Appendix 2). Theandysis of datalooksinto any changesin student knowledge
that may be attributable to the lesson modifications, particularly the use of the new three
dimensiona Sun/Earth/Moon model, by looking at the pre/post test results and any changesin
percentage of correct answers on the quizzes between semesters.

3.2 Pretest Design

Asintroduced earlier, the origind format of al pretests for AST 110 follow aten-question
test design of multiple-choice or sngle-answer genre questions. Typicdly, three questions relate
to the introductory tutoria information, four questions are of pretest nature and three questions
are post test questions for the previous lesson. Each question counts one point for atotal of ten
points. All of the pretests count for 10% of a sudent=sfinal grade in the course. The questions
specific to the introductory materia have one right answer. The pre/post-test questions have one
obvioudy wrong answer. We inform the students that we grade the pretests this way because
we want to know whether or not the introductory material was read before the pretest is taken.
We aso want to know how the students think about particular aspects of each lesson. For these

pre/post test questions, we are looking for an honest answer rather than a correct one. The one
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wrong answer is usualy made blatantly obvious by its absurdity. We believe that students will

be more apt to answer honestly and not try to look up answers before they take the quiz with
this format. Incidentally, the questions that require one right answer are sraightforward and the
materid that contains the necessary information to answer correctly is easily ble during
the quiz. Statigticaly, the amount of time students take on the pretestsis very low, usudly
averaging less than 10 minutes. For the Moon phases lesson, we chose to inventory four of the
more common ideas about what causes the phases. In addition, we chose to inventory students
ideas about when one can see the moon and whether or not the phases have anything to do with
the times of day or night that the moon isvisible.

3.3 Pretest Questions

The first pretest-style question students are asked is as follows,

Question 4 (1 point)
I notice that the Moon appears in different shapes at different times.

Often

Sometimes

Rarely

Never

| have never seen the moon.

Pooop

The last answer both sensibly (and grammaticdly) isincorrect. Thisis the only answer that the
students can choose and not receive a point. The purpose of thisinventory question isto seeif
factors that may limit a student:s observation of the Moon have any effect on the sudents’ ideas

about the phases.
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The next question used for the research requires the students to choose when the best time is

to see the moon.

Question 5 (1 point)
The Moon is most likely to be high in the sky at

a. 6:00 AM
b. 6:00 PM

c. the North Pole
d. midnight

€. noon

f. anytime day or night

In this question, the wrong answer isAc.i) Here, we are trying to inventory the conception that
the Sun is up during the day and the Moon is up at night.

The specific phase question that we ask of the students is worded as follows.

Question 6 (1 point)
The Moon'’s different shapes at different times are caused by

clouds blocking our view of the entire Moon.

the Moon deflating and then inflating again.

Earth’s shadow falling on the Moon.

the fraction of the Moon that is lit by the Sun.

the position of the Moon in its orbit around Earth.

f. Earth’s gravity pulling the moon into different shapes.

Pooop

The answer that scores no pointsisAb.@ 1t should be noted that the post test version of this
guestion was worded, AThe phases of the Moon are caused by...0 The choices areidentical.
(See Appendices). There are severa ideas about the M oorrs phases that we inventory here.
The most prevaent misconception has to do with earthrs shadow. In generd, we follow Baxter
with his notions (see Baxter, page 6). Answer Aal pardlds Baxter=s Notion 1. Answer Ac{)
follows Baxter=s Notion 4 and Answer Ad@ follows Baxter-s Notion 5 to some extent. Notion 5
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says the Aphases of Moon explained in terms of portion of illuminated sde of the moon visble
from Earth (Baxter, 509). A smilar explanation might be the way one student answered the
guestion in the summer 2004 course when given the questionsin printed form. This student
rewrote answer “d” before they chose it as “the portion of the Moon that islit by the Sun that
we see.” Asthis student noticed, we worded answer “d” S0 that scientificdly it is an incomplete
(itisinteresting that a student would rewrite an answer so that they can chooseit). Answer “€’
is the response we considered to be correct for this particular question, but “d” has correct
aspectsto it, especidly if other students understand it to mean what the student mentioned
above student wrote. We will be looking at both “d” and “€’ as potentidly correct responsesin
the andys's section.

I’ sworthy to point out that answer “f” might be considered correct a so, but these
changes are not observable with the naked eye nor has any redl shape change been measured to
date. Scientigs believe that the Earth, because of tidal effects, causes seismologica activity on

the Moon resulting in Moon quakes. These quakes were detected during the Apollo missions.
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The third question used in the concept inventory involved reating a particular phaseto rise

and set times and was worded as follows.

Question 7 (1 point)
A moon in the phase shown below would

. set before sunset

. rise after sunset

. neither rise nor set
. set after sunset

. rise at sunset

O Q0O T

With this question, we hoped to determine if students make a connection to Moon phases and
timesthat the Moon isvishble. Here, the correct responseis“d” and the unscientific conception
we are looking for would be the idea that the Moon is only up a night. Students possessing that

concept would most likely choose answer “b” or possibly “€'.
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CHAPTER 4

RESULTS

Wewill be looking at the results of this study over the next three chapters. This chapter
consgts of the actual data obtained over the period of study and is present in tables and graphs.
In Chapter 5, we analyze these results with some datistica tools to determine whether or not
there are any ddidicaly significant differences between semestersin the way the survey
guestions were answered and whether or not there was any changes from before ingtruction to
after ingruction. In Chapter 6, we will discuss the results and analysis and how they affect the
hypotheses of this sudy. We present the results as tables and, in some cases, graphs. In each
table, the correct response to each question, if there is one correct responsg, is highlighted in
itdics (for Question 6, where there are arguably three correct answers, “d”, “€’ and “f’, we
have itaicized the correct answer we were looking for, “€"). In each table, the common
misconception we expected to find is underlined.

4.1 Part One - Question resultsfor three semesters

4.1.1 Resultsfor Question 4

Results for Question 4 were obtained for the spring and fal 2004 semesters. Data was not
obtained for the spring 2005 semester because it was felt that they would be very smilar to data
obtained and would not enhance the research. Results show alarge mgority of the students

observe the Moon on aregular basis. Question 4 was presented as follows in the pretest.

Question 4 (1 point)

30



I notice that the Moon appears in different shapes at different times.

a. Often

b. Sometimes

C. Rarely

d. Never

e. | have never seen the moon.

Table 1 ligts the answer digtribution for Question 4 during the spring and fal 2004 semesters.

Table 1 - Resultsfor Question 4, spring and fall 2004.

Question 4 a b C d e Total
Frequency

Spring 04 113 25 5 143
Fall 04 107 30 3 1 1 142
Percent %
Spring 04 79.0 17.5 3.5 0.0 0.0 100
Fall 04 75.4 21.1 2.1 0.7 0.7 100
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Results for Question 4 are represented graphicaly in Figure 10.

Responses to Pretest Question 4
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Figure 10 — Question 4 pretest results graph.

32



4.1.2 Resultsfor Question 5

Question 5 was worded on the pretest as follows.

Question 5 (1 point)
The Moon is most likely to be high in the sky at

6:00 AM

6:00 PM

the North Pole
Midnight

noon

anytime day or night

~0oo0oT®

Table 2 shows the frequency of responses for each answer for dl of the semestersin the

study and the total of al responses.

Table 2 — Results for Question 5.

Question 5 a b C d e f Unanswered Total
Frequency _

Spring 04 1 5 1 59 13 63 1 143
Fall 04 2 4 3 72 7 54 0 142
Spring 05 3 7 3 59 5 76 153
Spr Online 05 1 2 2 16 6 16 43
Total 7 18 9| 206 31 209 1 481
Percent

Spring 04 0.7 35| 0.7] 41.3| 9.1 44.1 0.7 100
Fall 04 14| 2.8 21| 50.7| 4.9| 38.0 0.0 100
Spring 05 20| 4.6 20| 386| 3.3| 49.7 0.0 100
Spr Online 05 23| 47| 47| 37.2| 14.0| 37.2 0.0 100
Total 15| 3.7 19| 428 6.4| 435 0.2 100
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Results for Question 5 are represented graphicaly in Figure 11.

Responses to Pretest Question 5
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Figure 11 — Question 5 pretest results graph.

4.1.3 Resultsfor Question 6

Question 6 was worded on the pretest as follows.

Question 6 (1 point)
The Moon'’s different shapes at different times are caused by

. clouds blocking our view of the entire Moon.

. the Moon deflating and then inflating again.

. Earth’s shadow falling on the Moon.

. the fraction of the Moon that is lit by the Sun.

. the position of the Moon in its orbit around Earth.

f. Earth’s gravity pulling the moon into different shapes.
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Table 3 ligs the answer digtribution for Question 6 for dl the semegtersin the study.

Table 3 - Results for Question 6.

Question 6 a [ d e Total
Frequency

Spring 04 0 1 45 56 41 0 143
Fall 04 0 0 35 56 49 2 142
Spring 05 1 0 31 75 45 1 153
Spr Online 05 1 1 11 17 13 0 43
Total 2 2 122 204 148 3 481
Percent

Spring 04 0.0 0.7 31.5 39.2 28.7 0.0 100
Fall 04 0.0 0.0 24.6 39.4 34.5 1.4 100
Spring 05 0.7 0.0 20.3 49.0 29.4 0.7 100
Spr Online 05 2.3 2.3 25.6 39.5 30.2 0.0 100
Total 0.4 0.4 25.4 42.4 30.8 0.6 100
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Figure 12 shows the results of Question graphicaly.

Responses to Pretest Question 6
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Figure 12 — Question 6 pretest results graph.
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4.1.4 Resultsfor Question 7

Question 7 was worded on the pretest as follows.

Question 7 (1 point)
A moon in the phase shown below would

. set before sunset

. rise after sunset

. neither rise nor set
. set after sunset

. rise at sunset

O Q0O T

Table 4 shows the answer digtribution for dl semestersin the study.

Table4 — Resultsfor Question 7

Question 7 a b c d e Total
Frequency

Spring 04 14 52 12 50 15 143
Fall 04 19 42 24 27 30 142
Spring 05 30 43 13 53 14 153
Spr Online 05 5 12 7 12 7 43
Total 68 149 56 142 66 481
Percent

Spring 04 9.8 36.4 8.4 35.0 10.5 100
Fall 04 13.4 29.6 16.9 19.0 21.1 100
Spring 05 19.6 28.1 8.5 34.6 9.2 100
Spr Online 05 11.6 27.9 16.3 27.9 16.3 100
Total 14.1 31.0 11.6 29.5 13.7 100
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Results for Question 7 areillugtrated in Figure 13.

Responses to Pretest Question 7

60
50 _|
40 —
> O Spring 04
@ mFall 04
5 30 ] .
g O Spring 05
L. O Spr Online 05

N
o

10 ~

Figure 13 — Question 7 pretest results graph.

4.1.5 Correation of Questions5, 6 & 7 answer frequency

In this section we look at how certain answers to Question 6 correlate to responses for
Quedtions 5 and 7. We are looking primarily to seeif ideas about the Moon are consistent. Our
hypothesisis that students who believe the phases are caused by Earth’s shadow are more
likely to believe that the Moon is up only at night and that students who have correct ideas

about the cause of the Moon’s phases are more apt to understand the relationship of phaseto
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rise and set times. Because our hypothesis hinges on phase concepts, we are only looking &t the
relaionship of the other two questions to Question 6. We have sorted students for how they
answered Question 6 in to the following groups: students who chose the idea that the Moon's
phases are caused by Earth’s shadow (Question 6, answer “c”), students who chose that the
phases are caused by the fraction lit (Question 6, answer “d”) and students who chose that the
phases are caused by the orbit of the Moon around the Earth (Question 6, answer “€”). We did
not look at the tiny number of students who chose answers other than “c,” “d,” and “e.”

The results for sudents who chose Question 6, answer “c”’ (Earth’s shadow causes the

phases) are listed in Table 5.

Table5 - Questions 5 and 7 from students who chose Question 6, answer "c."

Question 5 a b C d e f Total
N =

Frequency 0 8 1 63 8 42 122
Percent 0.0 6.6 0.8 51.6 6.6 34.4 100
Question 7 a b C d e Total

N =
Frequency 14 44 16 31 17 122
Percent 11.5 36.1 13.1 25.4 13.9 100

The resuts for students who chose Question 6, answer “d” (phases cause by fraction of the

Moon lit) arein Table 6.
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Table6 - 5 and 7 from students who chose Question 6, answer "d."

Question 5 a b [ d e f Unans Total
Frequency 5 4 4 73 11 106 1 _204
Percent 2.5 2.0 2.0 35.8 5.4 52.0 0.5 100.0
Question 7 a b C d e Total

Frequency 32 64 22 62 24 _204

Percent 157 314 10.8 30.4 11.8 100

The results for sudents who chose Question 6, answer “€” (phases caused by position of the

Moon) areshownin Table 7.

Table7 - Questions 5 and 7 from students who chose Question 6, answer "e."

Question 5 a b C d e f Total
Frequency 2 5 2 67 12 60 148
Percent 1.4 3.4 1.4 45.3 8.1 40.5 100.0
Question 7 a b C d e Total

N =
Frequency 20 39 16 48 25 148
Percent 13.5 26.4 10.8 32.4 16.9 100




4.2 Part Two — L esson modifications and use of 3D model

Inthis section of the results, we looked at both pre- and post-1esson answers for the same
survey questions used in Part One. We aso tracked student concepts by looking at answer
choice trends for the three survey questions present in both the pretest and the post test. Findly,
we compared frequency of correct regponses on quiz questions common to both lessons for the
spring and fal 2004 semesters. The spring 2004 semester represents the control data and the

fal 2004, the semester where the 3D modd was implemented, is the experimentd data

4.2.1 Question 5 pre- and post-lesson results

Table 8 ligts the results for the responses to Question 5 for the spring 2004 (control)
semester. Of the 143 students who took the pretest, only 119 did the quiz and the post test.
Thisisreflected in the changein N. The vaue for N is additionaly reduced by one to take into
account for a single student who answered al questions on pretest, post test and quiz except for
Question 5 on the pretest. This person’s data, therefore, has been removed for this one

question. Figure 14 shows a graphic representation of the data.
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Table8 - Pre and post lesson results for Question 5 — Spring 2004.

a b C d e f Totals
Frequency N =
Pre lesson 1 3 1 51 10 52 118
Post lesson 2 4 2 44 7 59 118
Percent
Pre lesson 0.8 2.5 0.8 43.2 8.5 441 100
Post lesson 1.7 3.4 1.7 37.3 5.9 50.0 100

N=125

Figure 14 — Question 5, pre and post lesson - Spring 2004.
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Table 9 ligsthe results for Question 5 in the fal 2004 (experimental) semester. Of the 142
students who took the pretest, only 87 took the quiz and the post test. Figure 15 graphs the

data for Question 5.

Table9 - Pre and post lesson results for Question 5 — Fall 2004.

a b C d e f Totals
Frequency =
Pre lesson 0 4 2 45 3 33 87
Post lesson 2 3 0 41 4 37 87
Percent
Pre lesson 0.0 4.6 2.3 51.7 3.4 37.9 100
Post lesson 2.3 3.4 0.0 47.1 4.6 42.5 100

Fall 2004 Question 5 Answer Distribution: Pre and Post Lesson
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Figure 15 — Question 5, pre and post lesson - Fall 2004.



4.2.2 Question 6 pre and post lesson results
It isimportant to clarify how Question 6 wording changed from pretest to post test for the
fall semester only. In the spring 2004 semester the question was worded identically for both the

pre and post test as,

Question 6 (1 point)
The Moon'’s different shapes at different times are caused by

a. clouds blocking our view of the entire Moon.

b. the Moon deflating and then inflating again.

c. Earth’s shadow falling on the Moon.

d. the fraction of the Moon that is lit by the Sun.

e. the position of the Moon in its orbit around Earth.

f. Earth’s gravity pulling the moon into different shapes.

For the fall 2004 semester, the pretest wording was as follows.

Question 6 (1 point)
The Moon'’s different shapes at different times are caused by

clouds blocking our view of the entire Moon.

the Moon deflating and then inflating again.

Earth’s shadow falling on the Moon.

the fraction of the Moon that is lit by the Sun.

the position of the Moon in its orbit around Earth.

f. Earth’s gravity pulling the moon into different shapes.

®oo oy

The post test question was worded thisway.

Question 6 (1 point)
The phases of the Moon are caused by

clouds blocking our view of the entire Moon.

the Moon deflating and then inflating again.

Earth’s shadow falling on the Moon.

the fraction of the Moon that is lit by the Sun.

the position of the Moon in its orbit around Earth.

f. Earth’s gravity pulling the moon into different shapes.

®oo oy
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Table 10 shows the results for Question 6 in the spring 2004 semester. Figure 16 represents

that data graphically.

Table 10 - Pre and post lesson results for Question 6 — Spring 2004.

a b Cc d e f Totals
Frequency N =
Pre lesson 0 1 34 49 35 119
Post lesson 1 0 37 43 37 1 119
Percent
Pre lesson 0.0 0.8 28.6 41.2 29.4 0.0 100
Post lesson 0.8 0.0 31.1 36.1 31.1 0.8 100

Spring 2004 Question 6 Distribution: Pre and Post Lesson
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Figure 16 — Question 6, pre and post lesson - Spring 2004.

Table 11 shows the results for Question 6 in the fal 2004 semester. Figure 17 represents
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that data graphically.

Table11 - Pre and post lesson results for Question 6 — Fall 2004.

a b c d e f Totals
Frequency N =
Pre lesson 0 0 18 33 35 1 87
Post lesson 0 0 19 40 28 0 87
Percent
Pre lesson 0.0 0.0 20.7 37.9 40.2 1.1 100
Post lesson 0.0 0.0 21.8 46.0 32.2 0.0 100
Fall 2004 Question 6 Answer Distribution: Pre and Post Lesson
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Figure 17 - Question 6, pre and post | esson - Fall 2004.

4.2.3 Question 7 pre and post lesson results
There were no wording changes to Question 7. Table 12 shows the pre and post lesson

results for the spring 2004 semester and Figure 18 shows the results graphicdly.
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Table12 - Pre and post lesson results for Question 7 — Spring 2004.

a b C d e Totals
Frequency N =
Pre lesson 12 43 11 40 13 119
Post lesson 15 34 6 47 17 119
Percent
Pre lesson 10.1 36.1 9.2 33.6 10.9 100
Post lesson 12.6 28.6 5.0 39.5 14.3 100

Spring 2004 Question 7 Distribution: Pre and Post Lesson
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Figure 18 - Question 7, pre and post |esson - Spring 2004.

Table 13 shows the pre and post |esson results for the fall 2004 semester and Figure 19

shows the resullts graphicaly.




Table 13 - Pre and post lesson results for Question 7 — Fall 2004

a b C d e Totals
Frequency N =
Pre lesson 9 30 17 17 14 87
Post lesson 10 33 7 25 12 87
Percent
Pre lesson 10.3 34.5 19.5 19.5 16.1 100
Post lesson 11.5 37.9 8.0 28.7 13.8 100

Fall 2004 Question 7 Answer Distribution : Pre and Post Lesson
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Figure 19 - Question 7, pre and post lesson - Fall 2004.

4.2.4 Question 5 concept inventory

The tables generated for this section, and the following sections for questions 6 and 7, show

49



the frequency of answer choice combinations as aresult of doing the quiz. Each answer choice
combination that occurred is listed. For example, if astudent chose answer “a’ on the pretest
and then answer “¢” on the post test, that result would appear as“a-c”. If a student did not
change their answers from pretest to post test, then their results would appear as“a-d'. Table

14 ligts concepts for Question 5.

Table 14 - Question 5 concept inventory .

Question 5
concepts
Spring 2004 Fall 2004
Answer Answer % of
choice Freq. | % of total choice Freq. | total
a-a 1 0.8 a-a 0.0
b-a 0.0 b-a 1 1.1
b-d 1 0.8 b-d 1 1.1
b-e 2 1.7 b-e 0.0
b-f 0.0 b-f 2 2.3
c-d 1 0.8 c-d 2 2.3
d-a 0.0 d-a 1 1.1
d-b 2 1.7 d-b 3 3.4
Strong
Midnight d-d 30 25.2 d-d 31 35.6
d-e 1 0.8 d-e 1 1.1
Midnight to
anytirgle df 18 15.1 df 9 10.3
e-a 1 0.8 e-a 0.0
e-c 1 0.8 e-c 0.0
e-d 4 3.4 e-d 1 1.1
e-e 3 2.5 e-e 2 2.3
e-f 1 0.8 e-f 0.0
f-b 2 1.7 f-b 0.0
f-c 1 0.8 f-c 0.0
Anytime to
Midynight Fd 8 6.7 +d 6 6.9
f-e 1 0.8 f-e 1 1.1
Strong Anytime f-f 40 33.6 f-f 26 29.9
Unans - f 1 0.8 Unans - f 0
Total 119 Total 87

50



51



4.2.5 Question 6 concept inventory

Question 6 answer choices by students who did the quiz arelisted in Table 15.

Table15 - Question 6 concept inventory .

Question 6
Concepts
Sp 2004 F 2004
Answer % of % of
choice Freq. | total Freq. | total
b-e 1 0.8 0.0
Strong shadow c-C 22 18.5 11 12.6
Shadow to portion lit c-d 7 5.9 6 6.9
Shadow to position c-e 5 4.2 1 1.1
d-a 1 0.8 0.0
Portion lit to shadow d-c 7 5.9 2 2.3
Strong portion lit d-d 29 24.4 20 23.0
Portion lit to position d-e 12 10.1 11 12.6
Position to shadow e-c 8 6.7 6 6.9
Position to portion lit e-d 7 5.9 14 16.1
Strong position e-e 19 16.0 15 17.2
e-f 1 0.8 0.0
f-e 0.0 1 1.1
Total 119 100.0 Total 87 100.0
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4.2.6 Question 7 concept inventory
Answer choices for Question 7 by students who took both pre and post lesson tests are

ligedin Table 16.

Table 16 - Question 7 concept inventory

Question 7 Concepts
Sp 2004 F 2004
Answer % of % of
choice Freq. | total Freq. | total
a-a 5 4.2 3 3.4
a-b 3 2.5 0.0
a-c 2 1.7 1 1.1
a-d 2 1.7 4 4.6
a-e 0.0 1 1.1
b-a 4 3.4 1 1.1
Strong rise after b-b 16 13.4 18 20.7
b-c 1 0.8 1 1.1
Rise after to set after b-d 16 13.4 7 8.0
b-e 6 5.0 3 3.4
c-a 1 0.8 3 3.4
c-b 3 2.5 4 4.6
c-C 3 2.5 2 2.3
c-d 2 1.7 5 5.7
c-e 2 1.7 3 3.4
d-a 4 3.4 3 3.4
Set after to rise after d-b 8 6.7 6 6.9
d-c 0.0 1 1.1
Strong set after d-d 25 21.0 6 6.9
d-e 3 2.5 1 1.1
e-a 1 0.8 0.0
e-b 4 3.4 5 5.7
e-c 0.0 2 2.3
e-d 2 1.7 3 3.4
Strong rise at e-e 6 5.0 4 4.6
Total 119 100.0 Total 87 100.0
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4.2.7 Lesson quiz question results

Up to this point, the results shown come from the questions on the pre-lesson test and the
post-lesson tedt. In the lab itsdlf, students perform atutoria and an accompanying quiz that
consgts of 25 multiple choice and short answer questions. The lab quiz is what makes up the
majority of the grade that students receive for each lab. The quizzes are dightly different
between the spring and fall 2004 semesters and therefore do have some questions that are not
common to both. The percent of correct responses for each question that was common to both
the soring and fal semester quizzes are listed. Note that these were questions from the quizzes
taken during the lab and are not questions that were in the pre and post |esson tests that have
been previoudy looked at. The performance on these lab quiz questions is observed to seeif
there is any change in lesson performance between the two semesters under study. Questions

that were not common to both quizzes are omitted. See Table 17.



Table 17- Lesson quiz performance - Spring and Fall 2004

Percent of correct responses for questions Fall
common to both semester quizzes Sp 2004 2004

Question 3 78 76
Question 4 91 88
Question 5 75 76
Question 6 91 90
Question 7 76 70
Question 8 82 82
Question 10 89 80
Question 12 78 66
Question 13 89 84
Question 14 75 82
Question 15 96 96
Question 16 87 90
Question 18 60 68
Question 19 53 38
Question 20 75 48
Question 21 47 40
Question 22 85 86
Question 23 53 58
Average 76.7 73.2
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CHAPTER 5

ANALYSIS

In analyzing the responses to the survey questionsin Part One, we combined al of the
responses for all semesters and courses into one group of total responses. We considered this
total of al respondents to the questions to be our normative group with an N vaue of 481. We
then chose to see if there was any variaion in the way the questions were answered in each
individual semester and course from this standard. We measured any datistica sgnificance by
converting the frequency of responses, for each possible answer to each question, to percent of
the total for that particular group. We then applied the P? statistical test as described by
Coladarci, €. d. in their book, Fundamentals of Satistical Reasoning in Education
(Coladarci, €. d., 2004). Questions 5 and 6 have six possible answers each which give five
degrees of freedom. Question 7 hasfive possible answers and therefore 4 degrees of freedom.
The vaue for P? witha = 5% represents what the sum of the discrepancies must exceed to
represent a statisticaly sgnificant difference.

In Part Two, our normétive group is the spring 2004 (control) group. We again converted
the frequency of responses to percent of the total for each group and apply the P? Satistical test

to seeif the fal 2004 (experimenta) group deviates significantly from the expected vaues.
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5.1 Part One— Analysisof pretest questionsfor three semesters

5.1.1 Analysis of Question 4 results

The results for Question 4, the question addressing how often students observe the Moon,
show that alarge mgjority of UMaine students observe the Moon frequently, with 79%
choosing answer “@’ in the spring semester and 75.4 % in the fal semester (See Table 1, page
31). These results are plausible for arurd college in that arurd environment would have less of
a limitation for observing the Moon in the form of light pollution and/or tal buildings. These
results, in conjunction with the results from the other questions, show that students may see the
Moon often, but they don’t see any pattern in when and where they seeit in the sky. Thistype
of question associated with smilar research would be interesting to ask in an urban educationd
environment, where light pollution and tal buildings could play afactor in the ability of sudents
to observe the Moon.

5.1.2 Analysis of Question 5 results

Question 5, the question that asked students about when the Moon ismost likely to be high
in the sky, showsthat for al semesters, an dmost equal percentage of students believe the
Moon is mogt likely to be high in the ky a Midnight as do students who said anytime day or
night (See Table 2, page 33). A datistica analys's of these results comparing each semester to
the totdl for al semestersin terms of percentages shows a gaidicaly sgnificant difference for
the soring online semester with a proportionaly higher number of students answering “€” for

noon (See Table 18, page 58). Thisis an interesting difference and whether or not the online
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course environment might influence this difference is a question for further sudy, but is not a part
of this research.

Overdl the results show that a high percentage of students believe the Moon to be most
likdy inthe sky a night time, 42.8% versus 43.5% who chose anytime day or night. The
unscientific concept that the Sun is up during the day and the Moon is up only at night appears
to be as prevadent as the redlity that the Moon’s presence in the sky can be at anytime
depending on its point in the lunar cycle.

Table 18 - Chi-squared statistics for Question 5.

Una
Chi nsw Plata=
squared a b C d e f ered | Total df .05 Significant
Spring04 | 04| 00| 0.7| 0.1 1.1 0.0 1.2 3.5 5 11.07 No
Fall 04 00| 02] 00] 14 0.4 0.7 0.2 3.0 5 11.07 No
Spring 05 02| 02] 00| 04 1.6 0.9 0.2 35 5 11.07 No
Spr Online
05 05| 02] 41| 07 8.7 0.9 0.2 15.5 5 11.07 Yes

By looking at the graph (see Figure 11, page 34), one can see a difference between the
gpring semesters and the fall semester. Using the spring 2004 semester as the expected values,
the chi-squared vaues show no datisticaly significant difference between semesters (see Table

19).

Table 19 - Comparing fall 2004 and spring 2005 to the spring 2004 semester.

Unans
a b c d e f wered | Total | df | P2ata=.05 Significant
Fall 04 0.7] 0.1 2.9 22| 19| 08 0.3 89| 5 11.07 No
Spring05 | 23| 0.3 2.3 02| 37| 07 0.3 99| 5 11.07 No
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5.1.3 Analysis of Question 6 results

This question, because of the way it was worded, provides the most interesting results for
andysis. The frequency of responses for answers has more students choosing the fraction lit
concept as causing the changing shape of the Moon, 42.4%. The answer that was closest to the
scientifically accepted concept, answer “€’ for the position of the Moon in its orbit scored 30.8
percent. Response, “f”, scored 0.6 percent and the common idea that the Moon’s phases are
caused by Earth’s shadow, tallied 25.4 percent coming close to Trumper’ s results (see Table 3,
page 35).

By looking at these results, we can see that the mgjority of the students took the question as
it was intended, to inventory concepts about the phases of the Moon. It can be understood that
the “Moon’ s different shapes at different times’ was interpreted to mean the Moon's phases as
was hoped. For the three students who understood the question literally and answered “f,” we
only hope that they chose that answer because they understood the causes of seismic activity on
the Moon.

It isinteresting to see that more students chose answer “d,” the fraction of the Moon thet is lit
by the Sun, even with the position of the Moon in its orbit available as an option. This answer
was worded in such away that it was literdly incorrect. If it had been worded as, “The Moon's
different shape(s) at different times is caused by the fraction of the Moon that is it by the Sun
that we see, then “d” would have been entirely a correct choice. What this says about student

ideas and/or their ability to read and comprehend a question is of arguable measure. It isentirdy
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plausible that sudents completed the question in their mind using aform of psychologica
closure, in which case this response would have to be considered as an indicator that the
student understands the cause of the Moon's phases.

Inlooking a differencesin responses across dl the semegtersin the sudy, thereisa
datidicdly sgnificant difference between the oring online semester and the total responses (see
Table 20). Students in the online semester had a higher percentage of choosing answers“a’ and
“b.” Thisisinteresting that these choices would have a higher occurrence with the online
students versus the live course and may be a Situation where severa studentsin the online
course just guessed without redlly reading the answers. Overdl, the frequency of choosing these
two answersis not of sufficient value to consider them as prevalent ideas about the Moon's
phases, particularly the Moon deflating and inflating again, though the clouds blocking the Moon

is an idea about the Moon’ s phases explored by Baxter.

Table 20- Chi-squared statistics for Question 6.

Chi squared a b c d e f Total | df | P?ata=.05 Significant
Spring 04 04(02]15])02]| 01|06 31|65 11.07 No
Fall 04 04]104(00]02|05]10 25| 5 11.07 No
Spring 05 01]04(2120]10(|01]0.0 27 | 5 11.07 No
Spr Online 05 88 (88| 00| 02]00]06 184 | 5 11.07 Yes
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5.1.4 Analysis of Question 7 results

This question was used to seeif students understand the relationship between the Moon's
phase and the times of itsrising and setting. Overdl, this isadifficult questionto answer and
because it is hard, we see answers occurring in awider spread, with each possible answer
receiving at least 10% of responses. Answer “b,” rise after sunset, received 31% and answer
“d”, the correct response of set after sunset received 29.5%, making these two choices dmost
even in frequency of occurrence. It is enlightening to see that SO many students were able to
choose the correct response on a question of this caliber, yet the high percentage of answer “b”
indicates that the idea that the Moon aways rises after sunset is prevaent.

A comparison of semestersto the tota responses shows a datigticaly sgnificant difference
for the fall 2004 semester from the total (see Table 21). In discussion with Professors Batuski
and Comins, it is believed this difference may be attributable to the differences in presentation of
the lecture course associated with the lab. The lecture courseis taught by both professors who
dternate each semester. Professor Comins teaches the fall semester lecture course and

Professor Batuski teaches the spring semester lecture course.
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Table 21 - Chi-squared statistics for Question 7.

Chi squared a b c d e Total df PZata=.05 Significant
Spring 04 1.3]1 09| 09| 1.0] 0.8 4.9 4 9.49 No
Fall 04 00| 01| 24| 3.7| 40 10.2 4 9.49 Yes
Spring 05 211 03] 08| 09| 15 5.6 4 9.49 No
SprOnline05 | 04 03] 18| 01| 05 3.2 4 9.49 No

5.1.5 Analysis of therelationship of Questions5, 6 & 7 answer frequency
For students who chose answer “c” on question 6, there was no statistically significant
difference in the way they answered Questions 5 and 7 from the total population in the study

(see Table 22). Thisadso holds true for students who chose answer “d” on Question 6 (see

Table 23) and for students who chose answer “€” (see Table 24).

Table 22 - Chi-squared statistics for students who chose Question 6, answer

C.

Chi squared a b c d e f Total | df | P?ata=.05 | Significant

Question 5 15(21]06(18] 0.0 1.9 7.9 11.07 No

Question 7 05] 08| 02| 06| 0.0 2.1 9.49 No
Table 23 - Chi-squared statistics for students who chose Question 6, answer "d.”

Chisquared | a | b | ¢ | d | e f | Total | df | P?ata=.05 | Significant

Question 5 0708 00| 12] 02 1.7 45 5 11.07 No

Question 7 02]00]01]00] 0.3 0.5 4 9.49 No
Table 24 - Chi-squared statistics for students who chose Question 6, answer "e.”

Chi squared a b c d e f Total | df | P2ata=.05 Significant

Question 5 00]00(01]01(04 0.2 10| 5 11.07 No

Question 7 00]07(01]03]|0.7 18| 4 9.49 No
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This shows no sgnificant relaionship between how students answered Question 6 and how
they answered Questions5 and 7.

One should point out that students who hold the idea that the Moon is only up a night might
have atendency to choose Question 5 answer “d” and Question 7 answer “b”. Of the 206
Studentsin al semesters who chose 5d and the 149 who chose 7b, 72 chose both 7b and 5d.
Looking at these students and the way they answered Question 6, we see no datiticaly

sgnificant difference compared to the total group. (See Table 25).

Table 25 - Statistics for students who answered 5d and 7b.

Question
6 a b C d e f Total
Freq. 1 0 24 25 22 0 72

Percent 1.4)| 0.0 33.3| 34.7| 30.6 ] 0.0 100.0

Chi
squared a b C d e f Total df P?at a=.05 Significant
Question6 | 2.3| 0.4 25| 14 0] 0.6 7.2 5 11.49 | No

5.2 Analysis of L esson modifications and use of 3D model

In this section, we look at the data relevant to usage of the 3D modd and lesson
modifications. First we do an analysis of the three question results both before and after the [ab
lesson and we look at performance on the lab lesson itsdf

5.2.1 Question 5, 6 and 7 pre and post lesson analysis

The factors important to investigate here are whether or not there isa satigicaly significant

difference in how students answered the survey questions on the post test from the pretest and
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whether or not thereis a datigticaly sgnificant difference between semesters. Wefirst look at
each semester individually and then compare the fal (experimenta) semester post test results to
the spring (contral).

The spring 2004 semester showed no satigticaly sgnificant difference in the way the survey
guestions were answered before and after the lesson (see Table 26).

Table 26 — Chi-squared statistics for pre and post lesson results, spring 2004.

Chi squared a b c d e f Total | df | P?ata=.05 Significant
Question5 | 0.8 0.3 0.8 0.8| 0.8| 0.8 441 5 11.07 No
Question6 | 0.8] 0.8] 0.2 0.6| 0.1| 0.8 35| 5 11.07 No
Question7 | 0.6]1.6]1.9| 1.0 1.0 6.2 4 9.49 No

The fdl semester shows a difference before and after the lesson on Question 7 (see Table

27). Looking a Figure 19 on page 49, one can see a change in the frequency of answers“c”

a,.Kj 13 d.”
The changes are tracked in the concept inventory for question 7 in Table 16, page 53.

Table 27 — Chi-squared statistics for pre and post lesson results, fall 2004.

Chi squared a b c d e f Total | df | P?ata=.05 Significant
Question 5 23103[(23(04|04]| 0.6 6.2 5 11.07 No
Question 6 0.0/ 0.0[{01 17 16 1.1 45| 5 11.07 No
Question7 | 0.1]0.3]6.8] 4.3]0.3] 119 4 9.49 Yes

Of the 87 sudents in this semester, 17.2% changed from answering “c” to some other
answer. 21.8% changed to “d” from some other answer. The percent of students who changed

from*“c’ to “d” was 5.7%. It should be pointed out that answering “c” on Question 7 implies



that the Moon would aways be in the Sky or never bein the sky, and once the sudent redizes
this, they would mogt likely redize that it is the wrong choice. This idea might explain why there
is such a high percentage of students who switched from “c” but not to the correct answer “d.”
Answer “¢” is aso the answer that scores no points on the mini-quiz.

In comparing post lesson results between semesters, we use the spring (control) semester as
the expected values. The fall semester shows no statisticaly sgnificant difference in the way

students answered the post lesson survey questions from the spring semester (see Table 28).

Table 28 — Chi-squared statistics post lesson results spring and fall semesters

Chi squared a b c d e f Total i df | P?ata=.05 Significant
Question 5 02:00:17:26: 03 1.1 59: 5 11.07 i No
Question 6 0.8i{0.0{28i27:{0.0f0.8 7.2 5 11.07 : No
Question 7 0.1{31:{1.8{29: 0.0 791 4 9.49 i No

5.2.2 Analysis of Question Concept Inventories

The correct response for Question 5 was answer “f.” For the spring 2004 semester, the
percent of sudents changing to this answer after the lesson was 15.9% and the percent of
sudents changing from this answer after ingtruction was 10%, leaving again of 5.9%. In thefdl
semedter, 12.6% switched to answer “f” after the lesson, with 8% switching away leaving again
of 4.6%. This shows little difference in performance on this question between semesters (See
Table 14, page 48). Spring and fal showed no datigticd difference among students going from

the correct answer to the “midnight” answer.

65



For Question 6, taking into consideration the aspects of the fraction lit response and
consdering that students who chose it hold the correct concepts of the Moon's phases, then
there was a net increase of 10.9% in the spring and 8% in the fal semester of students holding
stientificaly accepted concepts.

For Question 7, the spring semester had an 8.9% net gain of students shifting to the correct
response. The fal semester had a net gain of 9.2% showing a negligible difference between the
semesters (See Table 16, page 53).

5.2.3 Lesson Quiz performance

Mot of the questions on the quizzes are mulltiple-choice. In andyzing the quiz performance
between semesters, we use a P? as with the previous anayses but because thereisasingle
category for frequency of occurrence, the degrees of freedom are reduced to one (each
guestion had severa possible answers and therefore higher degrees of freedom, but we are only
comparing a single frequency before and after ingtruction and that is the frequency of the correct
response (see Table 29). Again, we look at the discrepancy between expected and observed
values to exceed the value for P? at a = 5%. The only two questions, ironically, that are
sgnificantly different are questions 19 and 20. Both questions are math questions that would
lend themselves nicely to norma distributions and a more thorough analysis but the data would
be irrlevant to this study. Why students do poorly on the few smple math questionsis atopic

for another study.
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Table 29 — Chi-squared statistics from quiz results comparison between semesters.

Percent of correct responses
for questions common to Fall a=z
both semester quizzes Sp 2004 : 2004 p> i dfi .05 i Significant

Question 3 78 76: 0.05: 1 : 3.84 No

Question 4 91 88:0.10: 1 : 3.84 No

Question 5 75 76 001: 1 3.84 No

Question 6 91 90: 0.01: 1: 3.84 No

Question 7 76 70: 047 1 : 3.84 No

Question 8 82 82:0.00: 1: 3.84 No

Question 10 89 80:091: 1: 3.84 No

Question 12 78 66: 1.85: 1 i 3.84 No

Question 13 89 84:028: 1: 3.84 No

Question 14 75 82:065: 1: 3.84 No

Question 15 96 96: 0.00: 1 : 3.84 No

Question 16 87 90: 0.10: 1: 3.84 No

Question 18 60 68: 107: 1 : 3.84 No

Question 19 53 38:425: 1 3.84 Yes

Question 20 75 48: 972: 1 : 3.84 Yes

Question 21 47 40: 1.04: 1 : 3.84 No

Question 22 85 86: 0.01: 1: 3.84 No

Question 23 53 58: 047 : 1 : 3.84 No

Average 76.7 73.2: 0.15: 1 i 3.84 No
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CHAPTER 6
DISCUSSION
How effective were the three survey questions in the ability toillicit sudent ideas? Were they
worded in such away that they could cause students to answer in a certain way? Question 5
resultsindicate that of the possible choices present to the student, there are two prevalent ideas
about when the Moon is up (high in the sky). These two ideas are the scientifically accepted
idea and the idea about the Moon that isingrained into our minds at an early age. Because the
answer choices cover aspread of 24 hours, students were able to choose a best answer to suit
their ideas. The wording is to the point but not steering students to a particular response.
Question 6 shows three prevalent ideas about the Moon’ s phases. The Earth’s shadow idea
occurs in this study with a frequency consistent with other research. With the answer choices
worded the way they were, one might argue that answer “d” (the fraction lit) drew students
away from answer “€’ (the position of the Moon in its orbit). If this was the case, the data might
have shown a higher percentage of concept change from “d’ to “€’ in the pre-lesson post-
lesson andlysis as aresult of the lesson ingtruction clarifying the concept for students who might
have been swayed. The resultsindicate thet fraction lit idea drew the highest percentage of
responses. These results are consstent across semesters and remain prevalent even after
ingtruction both with and without the 3D modd, and with the 3D mode actualy showed an
increase of students believing the fraction lit idea (see Table 15, page 52). In addition, one of

the quiz questions presented to the fall 2004 students only addresses the idea of how much of
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the moon is it by the Sun. This was the first question on the lab quiz about the Moon that

students answered in groups. That question was worded as follows.

Question 2 (4 points)

For this question, assume that the Sun, Earth and Moon are not aligned in a way as to produce an
eclipse. Look down on the Earth/Moon model from the orientation of being above the North Pole of
the Earth. At any point in its orbit around the Earth, how much of the Moon is illuminated by the
Sun?

0%
16%

33 1/3%
45%

. 50%

f. 78%

g. 100%

Pooop

Out of 50 groups that did the quiz, 86% answered this question correctly by choosing answer
“e" (the 14% that chose other answers did not have a preference as to which one was correct).
Y &, there was ill an increase in students choosing the fraction it response to Question 6.

Question 7 results reinforce the idea that the Moon isin the sky at night regardless of the
phase with 31% of al students choosing that a waxing crescent moon would rise after sunset
even though thisis physcaly impossble,

We origindly thought that student ideas about the Moon would be consstent. Results from
andysisof the survey questions indicate thet there is no pattern asto what students believe
about when the Moon is present in the sky and the cause of the Moon’s phases. In other
words, there is no gatigticaly sgnificant difference in the way the students answered the

guestions regardless of their ideas about the cause of the Moon' s phases. Thisindicates that
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thereisalack of a conceptual connection between actual phase and timesthe Moon is
visible

How effective was the 3D modd in impacting student ideas? Based on the data obtained
from post lesson questions, there was little if any change between semesters in student ideas.
Quedtion 7 showed a gatigticaly sgnificant difference, yet the changes were not related to the
3D model. Performance on the lesson quiz and concept changes tracked showed little
difference between semesters. Based on these results and analys's, changes to the lesson and
use of the 3D model showed no difference in student performance.

Does this mean that the 3D modd is usdless as a teaching tool or that the changes to the
lesson did not improve indruction? A recent study of mostly engineering sSudentsinan
introductory physics course showed smilar results. Ortiz, et. d., published in the June 2005
issueof American Journal of Physics, found student difficulties with certain concepts persisted

even when presented with hands-on models (Ortiz et d. 2005).
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CHAPTER 7

7. CONCLUSION

Initidly it was hoped that the use of the 3D modd and the changes to the lesson would cause
more students to adopt the position of the Moon as the cause of its phases. Even though there
was a shift away from the Earthi s shadow response and other responses (though not satisticaly
sgnificant), there il lies the question of why the fraction of the Moon lit by the Sun remained
more popular. Ultimately, the position of the Moon in its orbit around Earth as the cause of the
Moon's phases is amore complex concept. This may be afactor in why therewasless of a
trangtion toward the position view. How to get students to adopt the more scentific explanation
requires some further studly.

Even though the research in thiswork and in other recent studies shows the ineffectiveness of
using read 3D modes, we believe that students who can use a hands-on visud modd of the
Sun/Earth/Moon system in studying the phases of the Moon has merit inindruction and changes
to the lesson to incorporate that modd are of equal value. Why? We are seeing atrend in
educationd psychology that shows and supports the importance of presenting instruction so that
students can discover relationships for themsdves by being active learners. The 3D model
dlows students to do thiswith the Moon, its phases and eclipses. The true effectiveness of the
model may come into light as more semesters use the set up and as refinements to the way the

lab istaught are made. Needless to say, thisis an area that needs more research.
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This sudy comes with its own set of limitations and some suggestions. The use of just 3
guestions to survey student ideas about the Moon limits greetly the accuracy of the survey and
because of this limitation the results should be looked upon asindicators. For future semesters,
it would be hdpful to increase the Size of the mini-quizzes students take before the labs to 15 or
20 questions versus the current 10. Since the average time students spend on these quizzes is
less than 10 minutes per week, it would not increase the workload of the course greetly. An
increase in questions may enable a more accurate survey by quizzing the same topic with
different wording. As seen in this study, a single phase question was most probably interpreted
in different ways. Having more that one phase question phrased differently may dlow for more
accurate interpretation of student conceptions about the Moon's phases.

Something to consder in comparing the spring and the fall semesters and in looking at the
facts of the AST 110 astronomy lab itsdf are that the spring had 112 studentsin the pre-lesson
post-lesson portion of the study whereas the fal semester had only 87. Thisis quite Sgnificant
change consdering both semesters had full regidration for the astronomy lab with rardy any
room left at the Sart of the semester. That spells out to 240 students who started both
semedters. Both semesters had around 140 students who took Lesson 6 pretest (spring N =
143, fall N = 142). Why then did the fal semester only have 87 students who completed the
pretest, lesson and post test versus 112 in the spring? One possible explanation, which was
documented with emails from students, was a language barrier. Six of the ten sections of the

agtronomy lab in the fal semester were taught by TA's where English was a second language to
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them. This language barrier may have had an impact on attendance. As coordinator of the lab
course, | received numerous complaints from students that they could not understand the TA
who taught the lab. This dilemmais not unigque to the University of Maine and was recently
documented in aNew York Times article by Alan Finder about foreign teachers on college
campuses (Finder, 6/24/2005). Determining the extent of how this language barrier affects
student learning is an area that should be researched further.

Asfar asthelab design itsdlf is concerned, asa TA mysdlf for 4 semedters, | was ableto
observe aconsstent pattern in the way alarge portion of students did the [ab. Their method of
choice was to open up the quiz on the desktop and start on it. If they came to a question that
they could not answer, they would ask for help. | would tell them to read the lesson at that point
and some would. Some would guess and get out of the lab as soon as possible.

Thisis a problem the department is aware of and the lab is at this point being redesigned so
that the quiz questions are integrated into the lesson rather than opening up in a separate
window on the desktop of the lab computers. shows what students see when working on the
lab. Notice that it is easy to open the quiz without opening the lessonin its own desktop

window.
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Figure 20 - Typical desktop view for AST 110 lab |esson.

Perhaps the process of conceptua change and the gaining of scientific concepts about the
Moon and its phases can be made more successful by integrating the quiz into the lesson
tutorid, by making the rdlevant questions to be answered for credit made available only after
portions of the tutorid are read and completed. This can be done by limiting the availability of
the questions until a particular question is answered that has the answer imbedded in the
indruction. What comes to mind in how to structure the lesson on the computer isto modd after
computer adventure games that won't alow you to continue to the next part of the game until a

certain task is completed or a particular item is found. The lessons could be reprogrammed to
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do this and the result would be that sudents have to follow a certain path. In other words, the
lesson needs to provide more guidance so that students can't just attempt to answer al the quiz
guestions and be done. By guiding them through the lesson, they will be directed to inquire
about the cause of the phases of the Moon and the relationships that affect rise and set times.
The lesson should require the students to explain their reasoning. This can be done with the
addition of a short essay question similar to questions 24 and 25 (see appendices).

Idedlly, the TA should act as afacilitator of the sudents' learning. The TA’s should be more
active in the student learning process by asking the students to explain their reasoning and
promote discussion within the groups. We believe that thisis a necessary ingredient in inquiry
based learning. TA’s atend a seminar a the beginning of the year to give then some ingtructiona
skillsand if not aready being done, this seminar should cover some of the methods of guided
inquiry in the classroom.

It isnot dways feasble to have TA’sthat are familiar with teaching methods, but it would
greatly asss the sudentsin this particular astronomy lab if the TA’s could chalenge sudents to
think about their answers to the quiz questions before they complete them. Thisis entirdy
possible as each TA has a maximum of 8 groupsto ded with in the lab. Circulating around the
groups and monitoring their answer choices should be standard operating procedure. The TA’s
should also ask each student or group as they leave the lab, “What causes the phases of the

Moon?’ Thisin itsdf would be vauable survey information.
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Asalast word, student ideas about natura events such as the phases of the Moon are
reinforced by unscientific reasons that come from deeply ingrained concepts often fostered in
childhood such as through children’ s stories and parentd influence. It remains atremendous
chalenge for educators to present materid in such away that the scientific reasons for naturd
events become the ideas that students possess. Science and education need to devise ways to
become a part of our cuture so that the scientific concepts are the ones that are presented a

home.
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Appendix A — L esson 6 Pretest

Lesson 6 Pretest

Name: (Preview)‘
Start time:
Number of questions: 101

Question 1 (1 point)
Introduction: What is the angular size of the Moon? (enter the number only, no degrees sign)
I

Answer:

Question 2 (1 point)

Introduction: Why does the Moon appear to move east to west across the sky during a few hours
of observing?

I

the rotation of the Earth

the Moon's orbit around the Earth

the revolution of the Earth around the Sun

oo o p

the Earth is still and both Moon and stars are spinning around it

Question 3 (1 point)

Introduction: Looking down on the Moon's north pole from above, which direction does the Moon
rotate on its axis? (one-word answer)
I

Answer:

Question 4 (1 point)

| notice that the Moon appears in different shapes at different times.
I
Often

Sometimes
Rarely
Never

© oo oo

I have never seen the moon.
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Question 5 (1 point)
The Moon is most likely to be high in the sky at

|
. 6:00 AM

a
b. 6:00 PM

c. the North Pole
d. midnight

e. noon

f

anytime day or night

Question 6 (1 point)
The Moon’s different shapes at different times are caused by

I
clouds blocking our view of the entire Moon.

the Moon deflating and then inflating again.
Earth’s shadow falling on the Moon.

the fraction of the Moon that is lit by the Sun.
the position of the Moon in its orbit around Earth.

000 TP

Earth’s gravity pulling the moon into different shapes.
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Question 7 (1 point)

A moon in the phase shown below would
|

set before sunset.

rise after sunset.
neither rise nor set.
set after sunset.

© a0 o op

rise at sunset.

Question 8 (1 point)

What constellation is the Sun in on the Vernal Equinox?
I
Aquila

Bootes
Canis Major
Pisces

Virgo

000 TP

Three Musketeers
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Question 9 (1 point)

When a planet moves from east to west, its motion is
|
prograde

retrograde
circumpolar
tidal

© 20 T o

an optical illusion (the planet is really stationary)

Question 10 (1 point)

Relative to the Earth, how fast do the inferior planets (those closer to the Sun) move through their
orbits?

I

faster

slower

the same speed

a0 oo

they do not actually move
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Appendix B - Spring 2004 L esson

Review from Introduction

Figure 1 shows the Earth-Moon system as viewed looking down on the Earth's north rotational pole. The
eight numbered Moon positions are in sequence, showing that the Moon orbits around the Earth
counterclockwise, starting at position 1, and moving in order to position 8.

B
Sunlight \\

$ O O

~ O

Figure 1

It takes the Moon about 3 1/2 days to move between two numbered positions. These changes are so slow
that, during any given night, the Moon stays in essentially the same place in its orbit. From this
perspective, the Earth also rotates counterclockwise on its axis. Keep in mind that the apparent motion of
the Moon across the sky in a single night is due to the rotation of the Earth.

The Phases

Now look at the figure in your textbook that shows the phases of the Moon in these same positions.
Please note that in the text figure, the Moon has different shadowing effects in each of the two images at
each point in the orbit, because you are looking at the Moon from two different perspectives at each point!
The inner image is looking at the Moon from space, above the Earth. The outer image (photograph) is
looking at the Moon from the surface of the Earth.

Note also that Figure 1 differs slightly from the text image in that sunlight is drawn as coming from a
different direction. You must first account for this different direction to answer the questions below.

To help you visualize the shadowing effects in Figure 1, you have been given a bright light (representing
the Sun), a model of the Earth (not to scale), and a ball on a stick for the Moon (also not to scale). First,
look at the Earth and Moon from the perspective in the upper panel in Figure 1. Stand with the light coming
from your right. Place the Earth in the light beam, so you are looking down on the North Pole, and note
how it is shadowed by the Sun. Next, hold the Moon in each of the eight positions shown in the figure,
noting how the Moon is shadowed in each position.



Next, to visualize each of the phases in the lower panel of Figure 1, remove the Earth from the light beam.
Sit on a stool so that your head is in the light beam. You are now the Earth (or more precisely, an observer
on the Earth)! Hold the Moon in orbit around your head, noting how the Moon is lit in each of the eight
positions.

You should now be able to answer questions 1-7.
Moon Phases and Time of Day

For the next few questions, assume each day has 12 hours of daylight, and that the Moon is up the same
amount of time each 24 hour day. Recall the Moon may be up in the sky in daylight and/or night.

Once you have finished this section, you will be able to tell what time of day and/or night to look for a
particular phase of the Moon. This is also helpful if you want to know what time to look at the sky without a
Moon.

You should now be able to answer questions 8-14.

www MrEclipse . com 22000 Fred Ezpenak

Lunar Eclipses

Recall that the Earth always casts a shadow in space, since it is always lit by the Sun. The same is true
for the Moon.

When the Moon passes directly between the Earth and the Sun, the Moon's shadow falls on the Earth.

Observers in this shadow would not be able to see the Sun, because the Moon would be in the way. We
call this a solar eclipse.
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Figure 2

If the light source is a point source, an object will cast a dark, well-defined shadow called an umbra.

Viewing the light source from within the umbra, you would see the object casting the shadow completely
"covers" or eclipses the light source.

Regi'&n' |
of Transit

Figure 3

The Sun is not a point, but an extended light source. It will cast a shadow consisting of three distinct
regions. First is a dark cone, called the umbra, from which the source is completely eclipsed. Around the
umbra is a semi-dark region, called the penumbra, within which only some of the light is blocked. Finally,
in an extension of the umbra cone, called the region of transit, the body casting the shadow would
appear insufficient to "cover" the source and the light source would look like a doughnut.
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Figure 4

There are three types of lunar eclipses, each illustrated in the cross section of the Earth's shadow
pictured above. Paths A and B are both paths where the Moon is partially eclipsed. Path C takes the Moon
through roughly the middle of the umbra and results in a total lunar eclipse.

The shadows of Figure 4 have the dimensions of the Earth’s umbra and penumbra at the average
distance of the Moon. The diameter of the moon is included here, so that you can calculate the timing of a
total eclipse with the moon passing through the center of the Earth’'s umbra.

You should now be able to complete the quiz.

87



Appendix C - Spring 2004 Quiz

Lesson 6

Name:|
Start time:

Number of questions: 251

Question 1 ( points)

Enter the names of everyone in your group.
|
Answer:
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Question 2 (4 points)

What would an observer on Earth see when the moon is in position 1 in Figure 1?
|

o

Yot lolotel ¥ |
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Question 3 (4 points)

What would an observer on Earth see when the moon is in position 3 in Figure 1?
I
a.

~YatoIolote) ¥ |
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Question 4 (4 points)

What would an observer on Earth see when the moon is in position 4 in Figure 1?
|
a.

~Yatololole) ) |
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Question 5 (4 points)

What would an observer on Earth see when the moon is in position 6 in Figure 1?
|
a.

~Yatololole) ) |
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Question 6 (4 points)

What would an observer on Earth see when the moon is in position 8 in Figure 1?
|
a.

~Yatololole) ) |
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Question 7 (4 points)

It is possible to see the Moon during the daylight hours! Which position in Figure 1 represents a
Moon which is only "up" during the day? (Hint: Which phase of the Moon is always up with the Sun?)
I

@ 0 o0 T
0 N O g b~ W N PP

Question 8 (4 points)

Which position in Figure 1 represents a Moon which is up all night? (Hint: Which Moon position will
not be in the sky while the Sun is above the horizon?)
I

@ 0 o0 Ty
0 N O g b~ WN PP
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Question 9 (4 points)

If the new Moon is up all day, and the full Moon is up all night, will the times of moonrise and
moonset between these phases always be the same, or will they shift a little each day? Explain.

| B
—

H

_ | intion editod
Equation: ——IlEquation edito

Question 10 (4 points)

Which phase is after the full Moon and halfway to the new Moon?
I
. waning gibbous

. waning crescent

a
b
c. waxing gibbous
d. third quarter

e

. first quarter
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Question 11 (4 points)

If the full Moon is up all night, during what part of the day/night cycle is the first quarter Moon in the
sky? (Hint: Recall the first quarter Moon is halfway between the new and full phases.)

I
Sunset to midnight

Midnight to noon
Dawn to sunset
Noon to midnight
Sunset to dawn
About 9 AM to 9 PM

0 o0 oo

Question 12 (4 points)
During what part of the day/night cycle is the third quarter Moon in the sky?

I
Sunset to midnight

Midnight to noon
Dawn to sunset
Noon to midnight
Sunset to dawn
About 9 AM to 9 PM

0o a0 T

Question 13 (4 points)
If you wanted to see a waning crescent Moon, which of the following times would you be able to see
it?
I
a. just after sunset
b. at midnight

c. just before sunrise
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Question 14 (4 points)

If you wanted to spend an entire night observing faint objects (like galaxies), you would want a
"moonless sky". Which three phases of the eight would be the best?
|

full moon, waxing crescent, first quarter

new moon, waxing crescent, first quarter
waning gibbous, waning crescent, new moon
waning crescent, new moon, waxing crescent

waning crescent, full moon, waxing crescent

0 o0 oo

new moon, waning crescent, third quarter

Question 15 (4 points)

Keep in mind that the same side of the Moon faces the Earth as the Moon revolves in orbit. How
does the Moon rotate on its axis as viewed in Figure 1?

I

clockwise

counterclockwise

top of moon is headed into the page

oo o

top of moon is headed out of the page

Question 16 (4 points)

Choose which phase (position in Figure 1) the moon can be in at the time of a lunar eclipse.
|

Sa@ ™o a0 oo
0 N O 0o~ WN P
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Question 17 (4 points)

A point source of light and an extended source of light have been set up on your laboratory table
with an object to cast a shadow. Using a note card or piece of paper, hold the card close to the
object and observe its shadow. Move the card away from the object to see the changes in the
shadow as the card is drawn further away. Do this for each type of light source and describe what

you see.
|
POINT SOURCE:
EXTENDED SOURCE:
I
_ | intion editod
Equation: ——Equation edito

Question 18 (5 points)

For the next four questions, look at Figure 4 on the Procedure page. Assume that the Moon is
moving on Path C, directly through the center of the umbra.

What is the distance that the moon travels while any part of it is within the earth's umbra? (Hint: Be
careful to think of a specific point on the moon, like the center perhaps, and how far it will travel
while any part of the moon is being touched by the umbra.)

miles (give whole number only - no words or punctuation)

Answer:
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Question 19 (5 points)

The Moon's average orbital speed is 2120 miles per hour. Estimate the maximum duration of the
entire umbral part of the total lunar eclipse. (The umbral part of an eclipse is when any part of the
Moon is in the umbra.) Use Path C in Figure 4. Express your answer as a whole number of minutes -
give number only.

minutes

Answer:

Question 20 D (5 points)

What is the distance that the moon travels while it is entirely within the earth's umbra? (Hint: be
careful to think of a specific point on the moon and how far it will travel while no part of the moon is
outside the umbra.)

miles (Give whole number only, no words or punctuation)

Answer:

Question 21 (5 points)

Estimate the maximum time of totality. (Totality is when the Moon is completely within the umbra.)
This will again require you to use Path C in Figure 4. Express your answer as a whole number of
minutes.

minutes

Answer:
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Question 22 (4 points)

What phase (position in Figure 1) must the Moon be in during a solar eclipse, when the Moon's
shadow falls over a portion of the Earth?
I

@ 0 o0 T
0 N O g b~ W N PP

Question 23 (4 points)

Let us say you were watching a solar eclipse, standing right on the center of the spot where the
umbra shadow of the Moon is directed toward the Earth. Let us also say that the umbra's cone did
not quite reach the Earth, so you are standing in the Region of Transit. What type of eclipse are you
seeing?

I

Total solar eclipse

Annular solar eclipse

Partial solar eclipse

oo o p

Penumbral solar eclipse
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Question 24 (4 points)

Go back to the exercise above with the bright light and the fruit (or ball) on a stick. Describe briefly
how you can avoid having a 'lunar eclipse' when your head is the earth and the moon gets into
opposition with the sun (your lamp).

|

[

: v : ol
|Equatlon: Equation edito

Question 25 (4 points)

How does your previous answer (24.) relate to the inclination of the orbit described above?
|

/|

|Equation: ﬂE uation editorl
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Appendix D - Fall 2004 L esson

Review from Introduction

Figure 1 shows the Earth-Moon system as viewed looking down on the Earth's north rotational pole. The
eight numbered Moon positions are in sequence, showing that the Moon orbits around the Earth
counterclockwise, starting at position 1, and moving in order to position 8. From this perspective, the Earth
also rotates counterclockwise on its axis.

N
Sunllght

O 2

§ O Oy

o
7
Figure 1

It takes the Moon about 3 1/2 days to move between two numbered positions. These changes are so slow
that during any given night, the Moon appears to stay in essentially the same relative location with respect
to the stars. Keep in mind that the apparent motion of the Moon across the sky in a single night is due to
the rotation of the Earth.

The Phases

Now refer to the lunar phases illustration in your textbook. Read the caption and note any similarities to
Figure 1 above. Note that Figure 1 differs slightly from the text image in that sunlight is drawn as coming
from a different direction. You must account for this different direction to answer the first questions in the
quiz.

To help you visualize the shadowing effects in Figure 1, you have been given a bright light (representing
the Sun), and a model of the Earth/Moon system (not to scale). The Earth model can rotate on its axis as
can the Moon model revolve around the Earth. The axis of the Earth and the orbit of the moon are tilted (In
actuality, these tilts are independent of each other, the Earth being tilted 23 degrees and the Moon 5
degrees to the plane of the ecliptic. For our purposes in this lesson though, this model will suffice).
Placed on the Earth sphere is a push pin to symbolize approximately the location of Orono, Maine. Adjust
the Earth/Moon model, if necessary, so that the axis of inclination (Earth's tilt) is tilting away from the light
source (Sun model). Look at the Earth-Moon model on your bench from the perpective illustrated in Figure
1. The light will be coming from one side. With this orientation, you are looking down on the Northern
Hemisphere. Note how the Earth is illuminated by the Sun. Can you make out daytime and nighttime
regions on the Earth model? Next, move the Moon in each of the eight positions shown in the figure,
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noting how the Moon is illuminated in each position. In each of the eight positions, how much of the Moon
is lit by the Sun? Is it the same amount in all positions? Now view the moon from the perspective of being
at the spot where the push pin marks Orono. If necessary rotate the Earth model so that the moon is
visible from that orientation. How much of the part of the moon thatis lit by the Sun can you see? How
does this change as the Moon moves through the different positions in its orbit around the Earth?
Discuss these questions with your group.

You should now be able to answer questions 1-6.

Moon Phases and Time of Day

For the next few questions, assume each day has 12 hours of daylight, and that the Moon is up the same
amount of time each 24 hour day. Recall the Moon may be up in the sky in daylight and/or night. Why is
this? Rotate the Earth on its axis and imagine you are standing on it. Notice the relationship on the Moon
and the Sun with the moon in the eight different positions as the Earth rotates. Which heavenly body
comes into view first (rises) as the Earth rotates? Which sets first? Does it change with the Moon in
different positions? Experiment with the model and discuss this with your group.

Once you have finished this section, you will be able to tell what time of day and/or night to look for a
particular phase of the Moon. This is also helpful if you want to know what time to look at the sky without a
Moon.

You should now be able to answer questions 7-14.
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v MrEclipse com 22000 Fred Espenak

Lunar Eclipses

Recall that the Earth always casts a shadow in space, since it is always lit by the Sun. The same is true
for the Moon.

When the Moon passes directly between the Earth and the Sun, the Moon's shadow falls on the Earth.
Observers in this shadow would not be able to see the Sun, because the Moon would be in the way. We
call this a solar eclipse. You can simulate this by turning the Earth's axis so the tilt is perpendicular to the
light source. Ask your instructor for assistance if needed.

L]
e
Point source

Figure 2
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If the light source is a point source, an object will cast a dark, well-defined shadow called an umbra (See
Figure 2). Viewing the light source from within the umbra, you would see the object casting the shadow
completely "covers" or eclipses the light source.

Penumbra

Region - | ‘
‘of Transit - Umbra Sun

Penumbra

Figure 3

The Sun is not a point, but an extended light source. It will cast a shadow consisting of three distinct
regions (See Figure 3). First is adark cone, also called the umbra, from which the source is completely
eclipsed. Around the umbra is a semi-dark region, called the penumbra, within which only some of the
light is blocked. Finally, in an extension of the umbra cone, called the region of transit, the body casting
the shadow would appear insufficient to "cover" the source and the light source would look like a ring or
doughnut.

Moon
. Umbra 4 O
- S e
. Penumbra 1080
i ; miles
«— 5180 miles—>
Figure 4

There are three types of lunar eclipses, each illustrated in the cross section of the Earth's shadow
pictured above. Paths A and B are both paths where the Moon is partially eclipsed. Path C takes the Moon
through roughly the middle of the umbra and results in a total lunar eclipse.

The shadows of Figure 4 have the dimensions of the Earth's umbra and penumbra at the average
distance of the Moon. The diameter of the moon is included here, so that you can calculate the duration of
a total eclipse with the moon passing through the center of the Earth's umbra.

You should now be able to complete the quiz.
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Appendix E - Fall 2004 Quiz

Lesson 6

Name:

Start time: |

Number of questions: 25
Question 1 (O points)

Enter the names of everyone in your group.
|
Answer:

Question 2 (4 points)

For this question, assume that the Sun, Earth and Moon are not aligned in a way as to produce an
eclipse. Look down on the Earth/Moon model from the orientation of being above the North Pole of
the Earth. At any point in its orbit around the Earth, how much of the Moon is illuminated by the
Sun?

|

0%

16%

33 1/3%

. 45%

. 50%

78%

. 100%

@ - o a0 T p
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Question 3 (4 points)

What would an observer on Earth see when the moon is in position 3 in Figure 1?
I
a.

~YatoIolote) ¥ |
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Question 4 (4 points)

What would an observer on Earth see when the moon is in position 4 in Figure 1?
|
a.

~Yatololole) ) |
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Question 5 (4 points)

What would an observer on Earth see when the moon is in position 6 in Figure 1?
|
a.

~Yatololole) ) |
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Question 6 (4 points)

What would an observer on Earth see when the moon is in position 8 in Figure 1?
|
a.

~Yatololole) ) |
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Question 7 (4 points)

It is possible to see the Moon during the daylight hours! Which position in Figure 1 represents a
Moon which is only "up" during the day? (Hint: Which phase of the Moon is always up with the Sun?)
I

Se@ ™o a0 o
0 N O g b~ W N PP

Question 8 (4 points)

Which position in Figure 1 represents a Moon which is up all night? (Hint: Which Moon position will
not be in the sky while the Sun is above the horizon?)
I

Se@ ™o o0 oo
0 N o oA~ WN R
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Question 9 (4 points)

Will the times of moonrise and moonset between these phases always be the same, or will they shift
a little each day? Explain.

|

H

_ | ition editod
Equation: ——Equation edito

Question 10 (4 points)

Which phase is after the full Moon and halfway to the new Moon?
I
waning gibbous

waning crescent
waxing gibbous
third quarter

© a0 oo

first quarter

Question 11 (4 points)

During what part of the day/night cycle is the first quarter Moon in the sky? (Hint: Recall the first
quarter Moon is halfway between the new and full phases.)

I

Sunset to midnight

Midnight to noon
Dawn to sunset
Noon to midnight
Sunset to dawn
About 9 AM to 9 PM

000 TP

112



Question 12 (4 points)

During what part of the day/night cycle is the third quarter Moon in the sky?
|
Sunset to midnight

Midnight to noon
Dawn to sunset
Noon to midnight
Sunset to dawn
About 9 AM to 9 PM

000 TP

Question 13 (4 points)

If you wanted to see a waning crescent Moon, which of the following times would you be able to see
it?

a. just after sunset
b. at midnight
c. just before sunrise

Question 14 (4 points)

If you wanted to spend an entire night observing faint objects (like galaxies), you would want a
"moonless sky". Which three phases of the eight would be the best?

I
full moon, waxing crescent, first quarter

new moon, waxing crescent, first quarter
waning gibbous, waning crescent, new moon
waning crescent, new moon, waxing crescent

waning crescent, full moon, waxing crescent

000 TP

new moon, waning crescent, third quarter

113



Question 15 (4 points)

Keep in mind that the same side of the Moon faces the Earth as the Moon revolves in orbit. How
does the Moon rotate on its axis as viewed in Figure 1?

|

clockwise

counterclockwise

top of moon rotates into the page

a o oo

the moon does not rotate

Question 16 (4 points)

Choose which phase (position in Figure 1) the moon must be in at the time of a lunar eclipse.
I

Se@ ™o o0 oo
0 N O oA~ WN R
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Question 17 (4 points)

The lamp you have been using as a Sun model represents an extended source of light. Observe the
shadow generated with this light source by placing the Moon model near it and holding the screen
provided behind the Moon model. Move the screen back and forth as necessary. Now simulate a
point source of light by sliding the card with the pinhole down into the lamp holder in front of the
light bulb. Again, observe the shadow the Moon model generates with this different light source.
Record your observations below.

|

POINT SOURCE:
EXTENDED SOURCE:
I
_ | intion editod
Equation: ——IlEquation edito

Question 18 (5 points)

For the next four questions, look at Figure 4 on the Procedure page. Assume that the Moon is
moving on Path C, directly through the center of the umbra.

What is the distance that the moon travels while any part of it is within the earth's umbra? (Hint: Be
careful to think of a specific point on the moon. Pick one point, like its leading edge and measue
how far it will travel while any part of the moon is being touched by the umbra.)

miles (give whole number only - no words or punctuation)

Answer:
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Question 19 (5 points)

The Moon's average orbital speed is 2120 miles per hour. Estimate the maximum duration of the
entire umbral part of the total lunar eclipse. (The umbral part of an eclipse is when any part of the
Moon is in the umbra.) Use Path C in Figure 4. Express your answer as a whole number of minutes -
give number only.

minutes

Answer:

Question 20 (5 points)

What is the distance that the moon travels while it is entirely within the earth's umbra? (Hint: be
careful to think of a specific point on the moon as in Question 18..)

miles (Give whole number only, no words or punctuation)

Answer:

Question 21 (5 points)

Estimate the maximum time of totality. (Totality is when the Moon is completely within the umbra.)
This will again require you to use Path C in Figure 4. Express your answer as a whole number of
minutes.

minutes

Answer:
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Question 22 |:| (4 points)

What phase (position in Figure 1) must the Moon be in during a solar eclipse, when the Moon's
shadow falls over a portion of the Earth?
I

Se@ ™o o0 oo
0 N O 0o~ WN P

Question 23 (4 points)

Let us say you were watching a solar eclipse, standing right on the center of the spot where the
umbra shadow of the Moon is directed toward the Earth. Let us also say that the umbra's cone did
not quite reach the Earth, so you are standing in the Region of Transit. What type of eclipse are you
seeing?
I

a. Total solar eclipse

b. Annular solar eclipse
c. Partial solar eclipse

d. Penumbral solar eclipse
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Question 24 (4 points)

From working with the Sun and Earth/Moon models, what can you say about what is needed in order
for an eclipse not to occur?
|

E

. v : o
|Equatlon: Equation edito

Question 25 (4 points)

How does your previous answer (24.) relate to the tilt of the Moon's orbit?
|

E

. v : _ J
Equation: Equation edito
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Appendix F - Lesson 7 Pretest

Lesson 7 Pretest

Name:|

Start time: |

Number of questions: 101

Question 1 (1 point)
Introduction: What causes the movement of the stars across the night sky?

a.

b.
C.
d.

The stars’ orbits around the center of the Milky Way Galaxy

The motion of the Earth
The stars' orbits around the Earth
The tidal force of the Moon

Question 2 (1 point)

Which of the following statements are true about Polaris(the North Star)? Select all possible
answers.

a.

@ o a0 0o

IN ORDER TO GET CREDIT FOR THIS QUESTION, YOU MUST SELECT THIS ANSWER
ALONG WITH YOUR OTHERS.

Polaris will always be the "North Star."

Polaris is directly overhead.

Polaris is located exactly at the North Celestial Pole.

Polaris is in the constellation Ursa Minor.

Polaris is the star Santa Claus uses to navigate on Christmas eve.

Polaris is the brightest star in the sky.

Question 3 (1 point)
Introduction: What are the horizontal and vertical lines drawn on the celestial sphere?

a. Right ascension and declination

b.

C.

Latitude and longitude
X-coordinates and Y-coordinates
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Question 4 (1 point)

What are the units of right ascension (how we measure east and west on the sky)?
|
a. Years, days, hours

b. Hours, minutes, seconds
c. Degrees, arcminutes, arcseconds

d. Yards, feet, inches

®

Pounds, fortnights, bushels

Question 5 (1 point)

Introduction: What is the relationship of night and day during an equinox?
I
Night is at its longest

Day is at its longest
Night and day are equal

Impossible to tell

© a0 o op

Night and day length have no relation to the equinox

Question 6 (1 point)

What are the units of declination (how we measure north and south on the sky)?
I
a. Years, days, hours

b. Hours, minutes, seconds
c. Degrees, arcminutes, arcseconds

d. Yards, feet, inches
e. Pounds, fortnights, bushels

Question 7 (1 point)

The Earth's rotation axis is tilted with respect to the plane of Earth's orbit. In degrees,
approximately what is the angle between the equator and the orbital plane?

I

10

23
34
47
360

© oo o p
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Question 8 (1 point)
The Moon is most likely to be high in the sky at

a
b
C.
d
e
f

. 6:00 AM
. 6:00 PM

the North Pole

. midnight

. hoon

anytime day or night

Question 9 (1 point)
The phases of the moon are caused by

000 TP

clouds blocking our view of the entire Moon.

the Moon deflating and then inflating again.

Earth’s shadow falling on the Moon.

the fraction of the Moon that is lit by the Sun.

the position of the Moon in its orbit around Earth.
Earth’s gravity pulling the moon into different shapes.
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Question 10 (1 point)

A moon in the phase shown below would
|

set before sunset.

rise after sunset.
neither rise nor set.

set after sunset.

© a0 o op

rise at sunset.
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