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ABSTRACT

This action research thesis was performed to explore the research questions: How did the
use of formative assessment affect student performance data in understanding the concepts of the
Sun-Earth-Moon system?, How did the use of learning scales as formative techniques impact
student self-assessment of their knowledge of the Sun-Earth-Moon system?, How did the
implementation of formative assessment techniques affect student discourse on the topic of the
Sun-Earth-Moon system? Formative assessment techniques including “talk-friendly” probes,
sticky bars, and agree-disagree statements were used in the classroom to expose gaps in
knowledge, to facilitate discourse, and promote self-assessment. A triangulation of data included
a district-provided pre/post-test, teacher observation, written and oral student responses of
formative assessment, self-assessment, discourse, and student self-assessment on a learning goal
tracker. Data gathered from student responses to formative assessment techniques given during
discourse, lab experiences, in written responses, and from the student learning scale tracker were
analyzed to expose misconceptions and gaps in knowledge and guide classroom instruction.
Data showed that student performance data improved overall and students narrowed gaps in
knowledge of the Sun-Earth-Moon system. Improvement in student participation and skill of
discourse was evident; however students needed more practice developing written explanations
for phenomenon within the Sun-Earth-Moon system. Through the use of self-assessments
students showed improvement in ability to self-assess and realized gained knowledge toward

their learning goal.
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CHAPTER ONE: INTRODUCTION

Formative assessment is an interactive and comprehensive approach that progressively
develops confidence and skills of the student in their mastery of learning (WestEd, 2010). In the
2011-2012 school year, I embarked on a new leadership role at a new school as department chair
which gave me the opportunity to promote teacher practices to improve student achievement. I
believe one such practice is the implementation of formative assessment. This study focused on
the use of formative assessment techniques to elicit knowledge and guide student learning. 1
taught the same subject matter; however, the student population is markedly different than the
school I taught at for the previous four years. The student population was different in that there
were a higher number of ESE students and a more diverse population. My former school
primarily consisted of Hispanic and White students, with some ESE students. The work location
where action research took place had a higher population of African-American students and a
larger disparity between socio-economic status in the school population. In my classroom, I
implemented an inquiry-based approach to science where the textbook is not the curriculum;
rather, the Next Generation Sunshine State Standards (NGSS) set forth “Big Ideas” and
“Supporting Ideas” to assess student learning. These standards were assessed in the annual high-
stakes test known as the Florida Comprehensive Assessment Test (FCAT) in the 2010-2011
school year. I have had experience in teaching this subject matter in a variety of classroom
settings ranging from ESOL, honors, advanced, to the standard courses of study. In my
experience, [ often found that I was working harder than I perceived the students to be working. I
would commonly find that students in all stages of learning often put an emphasis on the “right

answer” rather than how to think about a topic. This prompted me to examine my practice and



question how to improve my craft. My personal philosophy of education is that one must take
responsibility for his learning, and that the teacher is no longer a “provider of knowledge” but a
“facilitator of knowledge”. I have found that in order to make this change, I must put student
thinking ahead of the recommended order of instruction. It is more important for me to know my
students are learning, and thinking about their learning to promote conceptual change than being
able to say, “I taught everything I was supposed to teach.”

In preparing for my masters’ thesis, I began to delve deeper into what formative
assessment looked like and how to implement assessments. I found the research of Black and
Wiliam (1998) to provide a wealth of research in which to facilitate a change in my “habit of
mind” in regards to instruction and assessment for learning. In order to strengthen my practice
and provide an example of change for my colleagues both at my work location and Professional
Learning Community, [ used formative assessments to guide my instruction with the goal of
measuring the impact on student performance data. When I thought of weaknesses in student
learning I often noticed that students struggled to discuss their beliefs if they think their answer is
wrong, which ultimately decreases classroom participation. I agree with research that suggests
that students can learn more from discourse and assessing their own thinking than from direct
teacher instruction (Anderson, K.T. et al., 2006; Black & Wiliam, 1998). Additional aims of my
action research thesis were to use formative assessment to strengthen discourse in the classroom
culture, improve students’ self-assessment skills, and use student feedback on formative

assessments to ask more meaningful questions to enrich student learning.



Purpose
The purpose of this study was to examine the impact that the use of formative assessment
has on student academic performance. In addition to analyzing student growth in pre and post-
test benchmark data, I wanted to utilize formative techniques to develop student discourse in
science through the use of both talk-friendly formative probes and use of formative assessment
techniques in learning scales to evaluate student self-assessment of content knowledge. Using
quantitative data collected in the study, I wanted to gain a better understanding of what my
students’ initial thinking was on the topic studied. Through analysis of this data I could provide
more tailored instruction to meet their needs. I hoped that the use of formative assessment probes
would prompt classroom discourse on the academic topics. I observed and documented how
various formative assessment techniques allowed students to assess their learning and have a
clear understanding of what they were expected to learn. I hoped to strengthen my practice by
using formative assessment techniques and planned on sharing my findings with colleagues to
strengthen the quality of teaching in my department.
There were three guiding questions for my action research thesis:
1. “How did the use of formative assessment affect student performance data in
understanding the concepts of the Sun-Earth-Moon system?”
2. “How did the use of learning scales as formative techniques impact student
self-assessment of their knowledge of the Sun-Earth-Moon system?”
3. “How did the implementation of formative assessment techniques affect

student discourse on the topic of the Sun-Earth-Moon system?”



Rational

In prior experiences, I had attempted to implement “formative assessments” after
attending a workshop by Page Keely and reading about formative assessments and their
importance; however, this implementation was not consistent in my instruction. Prior to the start
of this study, I researched techniques and approaches that are formative in nature and have
improved student learning through their use. My previous experience with formative
assessments helped me better understand what the students thought. As I researched more about
formative assessment, I realized that the questioning and activities I already implemented were
informal formative assessment strategies that allowed me to inventory student background
knowledge during, after, or before more formal formative assessments. After implementing
formative assessment strategies, I was curious as to what results a more focused action research
could produce when coupled with more consistent and rigorous formative assessments.

An opportunity arose for me to become the science department chair and a teacher leader
at a new school. Prior to this research, I incorporated technology into my daily instruction to
strengthen student communication and self-assessment. I spoke with my principal who informed
me that the science department had many young teachers that were in a development stage as it
related to implementing strategies to improve student learning. The new work location was not
equipped with the technology necessary for daily instruction. My new work assignment included
teaching a group of learners with varying levels of abilities and achievement, which caused me to
change the direction and focus of my research. As an educator, when I entered a new work
location, I also entered a new school culture. It was important for me to assess my student

population. Originally, my interest was in student writing and use of technology for collaboration



and communication. My action research focused on my lowest performing classes. Many were
ESE and ESOL students. Some students had learning disabilities, while others had behavioral
disabilities. All students struggled in writing and explaining their thinking. To focus on students
understanding what they already know, I decided formative assessment may be a means to
strengthen student self-assessment, discourse and as an educator it would provide me with
meaningful insights into student learning. At the same time, the use of formative assessment
techniques as well as learning goals to monitor their learning would impact student performance
and clarify learning expectations for the student. In addition to a new school location, all
teachers in the state were evaluated with a new system that values tracking and monitoring
student learning. Through the use of formative assessment techniques, talk-friendly probes, and
learning goals I would better serve my students and gain a better understanding of our evaluation
system, which is structured based on Marzano’s traits of highly effective teachers.

In my seventh period classroom, I had students that, in the past, performed poorly in their
academics, many of whom were ESE students. One realization I had while initially working with
these students was that many of them struggled with the curriculum because they did not fully
understand what they were learning. Many students needed remediation to achieve at the level
that they would be assessed. In order to show learning gains and effectively pace my curriculum,
I would need to strengthen my ability to understand where the students are and improve their
understanding of where they need to be. In my experience, discourse is an integral part of
learning and can allow students to recognize their misunderstandings and talk through them to
gain a more accurate understanding of what they are learning. My new teaching assignment, in

addition to changes in teacher evaluation, and my personal experience in teaching helped me



focus my research on what I as a teacher and my students both needed and deserved the most, a

gain in knowledge and a better understanding of the concepts they were expected to acquire.

Significance of Study

This study is an action research into the implementation of formative assessment to
assess students’ ideas about the Sun-Earth-Moon system. Using formative assessment allows for
the learning of subject-specific knowledge and the introduction and development of skills, along
with meaningful discussions between students that focuses their learning, and allows for
feedback within learning (Orsmond et. al, 2004). I can then use my findings from this action
research to add to a growing body of research about formative assessment. This study provided
me with the practical experience implementing formative assessments to change and shape
student learning. Findings from this study may be used by me to strengthen my practice, as well
as serve as a resource for others within this professional learning community.

In 1989, Sadler defined formative assessment as needing three components: a concept of
the learning goal, the ability to compare the actual and desired performance, and the ability to
close their performance gap. Formative assessment is a process used by the teacher to recognize
and respond to student learning to enhance learning during instruction (Cowie and Bell, 1999).
Teaching science can pose challenges to teachers. One such challenge is that instruction should
be modified while learning is taking place. This means teachers must continually assess their
students’ understanding in order to improve teaching and learning; that is, assessment for
learning and not of learning (Black & Wiliam, 1998; Bell & Cowie, 2001; Black & Harrison,

2001). The science education community is still in the stage of understanding the role of



informal formative assessment in science teaching. By understanding and improving teacher
practices involving formative assessment, educators are developing practices related to student
learning (Ruiz-Primo & Furtak, 2006). Current research on the topic of formative assessment in
science helped shape my research and allowed me to think more reflectively on how to improve

my instruction to achieve student success.

Assumptions

Based on a literature review of formative assessment practices in the area of student
performance, discourse and self-assessment, I began this study with a few assumptions. My first
assumption was that students would have experienced discourse in the science classroom,
although some of them may have initial reluctance discussing their views. This could be for a
variety of reasons from language barriers to behavior issues, or maybe a lack of confidence or
comfort in expressing their ideas. I also assumed the subjects would be able, if not to discuss
their ideas, then to write their ideas clearly enough to provide me with a glimpse of what they are
thinking. I also assumed that relatively few students would have had experience assessing their
learning using formative assessment and would need practice with this task. Entering a new work
location, and students not having prior interaction with me, I also assumed it would take some
time for students to adjust to an inquiry-focused classroom if they had never experienced that
mode of learning before. It can also be assumed that the benchmark tests, from which the
students’ performance would be measured, pertained to the benchmarks taught within that
portion of my curriculum. Furthermore, it is assumed that qualitative data I analyzed were

generated and obtained in an objective fashion.



Limitations

The first limitation of this study was the amount of time for data collection. In the
curriculum, teachers are allotted four weeks to teach the concepts within the Sun-Earth-Moon
system. Research on this topic continued after the winter break, the gap in time between
instruction and assessment may have some impacts on student performance. Other limitations to
the study was the exchange of students between classes in order to better satisfy class size
amendment; however, my classroom was above the mandated size of twenty-two and had
twenty-three students, with some student attrition and mobility throughout the study. Some
students declined to participate in the study, only allowing for eighteen participants in the study.
Having a co-facilitator to provide support to ESE students once a week was also a limitation.
During the study, the co-facilitator was often unable to provide support to students due to a
medical issue. A new co-teacher was introduced, to the class, it was her first year in a new
career field and she lacked an educational background, all her training was on the job site. The
co-teachers introduction in the middle of the research may have limited the degree to which
accommodations were effectively implemented with students. The data for this study were
collected only on the students that acquiesced to the study. Some members of the classroom
declined to participate in the study; thus, their responses and scores were not used. In the next

section, | provided definitions of terms pertinent to this study.

Terms

Discourse- Classroom or group talk and discussion that allows students to explain



and shape their understanding through talking with peers or the teacher (Anderson et. al,
2007).

Essential Question- A question, rhetorical in nature and a question without a simple
answer, a question that deals with the value of the learning goal (Marzano, 2007, p. 179).
Exit Slips— An informal measure of how well students understood a topic or lesson,
requiring students to write responses or answer questions at the end of class (Fisher &
Frey, 2004)

Formative Assessment- On-going assessment activities that occur during teaching and
learning that involves both teacher and student in gather information that can be used to
inform instruction and modify learning activities (Bell & Cowie, 2001; Black & Wiliam,
1998).

Formative Assessment Probes- Real-life scenarios, questions or situtations that allow
students to expose their ideas and talk about or think about science-related phenomenon
or concepts. The student is given distracters along with the best answer and are asked to
pick the one they agree with the most and explain their choice (Keeley, 2008, p. 102-
103).

Formative Assessment Classroom Techniques- Techniques used by the teacher to
gather information on student thinking and understanding (Keeley, 2008, p.3-4).
Agree/Disagree Statements—A set of statements that are “fact or fiction” where
students are asked to describe their thinking about why they agree, disagree and to

describe what they can do to investigate the statements by testing their ideas by



researching what is already known about the topic or using other means of inquiry
(Keeley, 2008, p. 48-50).

Annotated Drawings-Students represent their thinking and ideas visually These
drawings can be used to encourage student reflection and self/peer assessement to address
misconceptions or close conceptual gaps (Keeley, 2008, p.53-55).

Collaborative Clued Corrections-Students work in small groups to gain feedback or
revise their thinking and discuss with others their own ideas and modify those ideas
without the negative impact of a wrong answer or grade (Keeley, 2008,p.59-61).

Sticky Bars-Students are given a short answer or multiple-choice response. Students
record their answer on a sticky note and post it in the classroom as a bar graph, allowing
student to recognize the range of ideas about the science topic (Keeley, 2008, p.178-181).
Think-Pair-Share- This gives students an opportunity to engage in and activate their
thinking while sharing their ideas with peers and modifying or reconstructing their
knowledge after peer interaction and feedback (Keeley, 2008, p. 192-195).

Traffic Cups-This technique traditionally promotes self-assessment and signals to the
teacher if help is needed. In this study the cups were modified by adding an additional
cup so students could assess their learning on a four-point scale (Clymer & Wiliam,
20006).

Whiteboards-Small group or individual activity used to encourage student idea
generation and recording of ideas. Research has found that when students who use this
technique are on task, engaged in higher-level thinking, and have more meaningful

discourse (Henry, Henry, & Riddoch, 2006).
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Inquiry-based Science- Method of teaching science where students learn by doing.
Students develop their own explanations by exploring and engaging in activities that help
develop conceptual understanding and science skills (Passmore, et. al, 2009).
Learning Goal- A statement of what students will know or be able to do (Marzano,
2007, p. 17).
Learning Scale- A format similar to a rubric that provides teacher and student with a
clear expectation about instructional targets and a description of levels of understanding
and performance for those targets. The format used contains whole-point values, zero to
four; a score of three is the target as it relates to the learning goal (Marzano, 2007, p19-
25).
Misconceptions- Alternative conceptions or ideas about a topic that is unique to the
student and not aligned with scientific conceptual reality (Keeley, 2008, p.13-14).
Performance Data- Performance data can ascertain qualitative and quantitative data.
Qualitative data that is performance based are assessed notebooks and science labs. For
this study, quantitative performance data will be multiple choice district created
benchmark exams that test student knowledge of targeted concepts.
Self-Assessment- Practice of students using group, peer, and teacher feedback to
evaluate their thinking and their performance within the classroom context (Black &
Wiliam, 1998).
In the second chapter, I identified the theoretical and conceptual issues regarding
formative assessment. | explored how formative assessment can be impacted or how it can

impact student performance, discourse, and self-assessment. The second chapter reviewed
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research studies on formative assessment and their implementation. Chapter three included a
rational for the research method, define the school and classroom setting, discuss methods,
validation and triangulation of data. Data analysis presented in chapter four, identifying themes
that emerged from the data collected and my interpretation of the themes. Chapter five

summarized the findings of the study, limitations and present implications for future studies.
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CHAPTER TWO: LITERATURE REVIEW

Introduction

The focus in U.S. education has been based largely on high-stakes, large-scale
assessments in the wake of No Child Left Behind. Pending legislation from the Obama
Administration has proposed a plan that could take assessments into a more promising direction.
The purpose of this shift is so assessments can provide detailed feedback to teachers to modify
their teaching practice and improve student learning (DeBoer, 2011). A critical component of
improving teaching and learning is to quickly identify misconceptions so that they do not create
difficulties in future learning. The more the education community knows about alternative ideas
students have, the better teachers can modify instruction to improve student understanding of
science (DeBoer, 2011). Administering assessments that expose misconceptions, along with
students’ prior knowledge, and current understanding, are essential to educators; however how
we ascertain that data is an important consideration.

Landmark research, Black and Wiliam (1998) provides the education community with a
means to raise standards through assessment. Black and Wiliam found that formative
assessment yields higher test scores; however, formative assessment needs to be improved.
Some of their findings on how to improve formative assessment was focused on the accuracy of
the assessment, feedback given, and student involvement (1998). According to Popham (2008),
“Formative assessment can become the catalyst that spurs both teachers and students to routinely
make evidence-based decision about learning. Such an orientation to teaching and learning will

almost certainly improve students’ learning” (p. 142). In this chapter, I define formative
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assessments, learning goals, explore the views on teaching for conceptual development, and
discuss the use of discourse and self-assessment as formative assessments.
Formative Assessment

In this action research, formative assessment drives instruction and is used to foster
discourse while student-self assessments allows the teacher to gauge student understanding of
learning goal. Formative assessment may also be referred to as assessment for learning.
Assessment for learning is the process of interpreting evidence for use by learners and their
teachers to decide where the learners are in their learning, where they need to go, and how best to
get there (Assessment Reform Group, 2002). Popham (2008) further defines the process as,
“One in which assessment-elicited evidence of students’ status is used by teachers to adjust their
ongoing instructional procedures or by students to adjust their current learning tactics” (p. 6).
“Formative assessment is part of the instructional process. When incorporated into classroom
practice, it provides information on how to adjust teaching and learning while they are
happening” (Garrison & Ehringhaus, 2007, p.1).

Formative assessment should include activities that provide feedback to the teacher about
the students’ learning or provide feedback to the student about his or her own learning. An
assessment activity can help learning if it produces information to be used as feedback by
teachers and by students in assessing themselves and each other and for the purpose of
modifying the teaching and learning activities in which they are engaged. Such assessment
becomes “formative assessment” when the evidence is actually used to adapt teaching work to
meet learning needs (Black, Harrison, Lee, Marshall, & Wiliam, 2003). A 2004 study, Wiliam,

Lee, Harris, and Black, provided evidence that performance data can be impacted. In the study,
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teachers were to implement previously developed formative assessment strategies in their
classroom. This study included nineteen single classrooms, four of which were elected for a
comparison group study, provides data on performance of twenty-three classrooms. The
strategies included questioning, feedback, sharing targets and aims with student, self-assessment,
and peer assessment. The researchers were interested in whether a variety of activities used by
the teacher presented any structure in terms of frequency of use. Through a cluster-analysis of
the variety of assessments, no tendencies of strategies to be used together were found. The
teachers chosen in this strategy taught math and science within two pre-selected learning districts
at six different schools. In 1999, the teachers attended an in-service training and underwent six
months of planning to execute the action plan. Qualitative data were taken from in-service
observations and interviews as well as video-taped and observations of formative assessment
implementation in the classroom setting. External exams in this study consisted of mandated
national and state exams, and school assessments which served as valid instruments to measure
student achievement; however, the use of these varied forms of quantitative data collection
meant input and output data varied. Researchers accounted for some negative data effects due to
the design and complication of the research for the comparative studies. In single classrooms,
end quantitative estimate meant an improvement of one-half of mandated national exam per
student per study. The researchers conclude if these practices were incorporated, school-wide
performance at the school would be in the upper 25" percentile. The extrapolated data suggested
that teachers can teach well and receive positive results.

Bell and Cowie simplifed Black et al.’s definition stating formative assessment is a

“process used by teachers and students to recognize and respond to student learning in order to
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enhance that learning during the learning” (2001). In essence, formative assessment is a means
of assessment that provides teacher and students with valuable information about where learners
are in the learning process. Cowie and Bell (1999) conducted a two year study and developed a
model for formative assessment in the science classroom. This study addressed planned and
interactive formative assessment and investigated how these types of formative assessment
related to learning, as well as the extent to which they depended on teacher pedagogical
knowledge. Ten teachers of varied experience participated in this study. The teachers were from
two schools, one a girls’ school and the other a coed school. Their research data collection was
categorized into three strands: used student and teacher views of assessment, observed actions in
the classroom, and teacher professional development in a reflective discourse model. The data
were collected though interview, surveys, observation, and video recordings. A total of 65
teacher interviews, 73 student interviews and 128 observations led researchers to refine two
models of formative assessment and develop five essential features of formative assessments.

In Cowie and Bell’s planned model, the teacher elicits and interprets assessment
information then takes an action with the whole class. “Cycle starts with the student actions,
teacher reflecting on what happens, teacher and student develop direction, begin with activity
with on-going feedback” (Cowie & Bell, 1999, p.103). The focal point of the planned model was
progress in learning a specific science curriculum topic. The teacher would then take a planned
activity to gather assessment information. The teacher then used the collected evidence to
further elicit evidence of student thinking. Teachers also used data to determine if the students
learned what was intended for them to learn in relation to the targeted science topic. One

finding of this model was that teachers with more experience were better able to decipher the
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formative assessment data for relevant and irrelevant information in student learning. The final
step in this model, teachers had to take instructional action on their interpretation of the elicited
data. The action taken is the essential part of formative assessment that separates it from
summative assessment. It was found teachers acted on assessment data in three different ways:
as it pertains to science, student, and care. These are mostly science based. However, it is
important to note that the researchers differentiate between the three ways in which teachers
acted. Science-referenced actions mediated learning a specific concept; student referenced
actions allowed for individual student needs to be met; and care-reference actions pertained to
the relationship between students and themselves. Throughout this model of formative
assessment it is necessary to note that time taken for the process varied among teachers. The
purposes of eliciting planned formative assessment information can be different from the action
taken on the information, and students and teachers both contributed to the model in that when
the students were taking action, the teacher was eliciting information and vice versa.

In Cowie and Bell (1999) interactive model, takes place during student-teacher
interactions. The activity in this model is not planned; rather, it comes about by noticing,
recognizing, and responding to individual or small group or whole-class needs. The purpose of
the interactive model was to mediate in the learning of individual students in regards to science,
social, and personal learning. Ultimately, the purposes emerged based on noticing, recognizing,
and responding to student learning and understanding of the concepts. This model allowed
teachers to expose misconceptions, or “unacceptable conceptions”, about specific topics. Some
teachers delayed learning specific concepts, allowing learning to be student-driven rather than

curriculum-driven. This model is limited in the fact that not all student thinking is given to the
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teacher. The teacher notices some but not all of student ideas. A key part of the interactive
model is noticing, which is different from eliciting in planned information in that verbal and
non-verbal cues give information about thinking as well as student written work and actions
within activities. The teacher, through interaction, could notice information about some, but not
all, students and gather different information from different students at various times. Within
the process of noticing, if teachers could recognize what the student meant. The teacher could
appreciate the significance of the information observed from the student. The final part of the
interactive model, responding, was framed in three categories relating to care, student, and
science. Teachers could change their interaction to satisfy student needs. Teachers described
this model as an effective use of time, allowing for feedback to be provided to all students,
including students with accommodation needs. One caveat listed by the researches for this
model to be effective is that the teacher must be familiar with a variety of assessment strategies
and different ways to elicit student responses. This model allowed for focus on the whole
student and depended on the teachers’ skills of interaction. Relationship with the student and
teacher awareness is key in this process. Another aspect of this model is the teachable moment.
A teacher must be able to notice and recognize a moment for enrichment or opportunity and
respond to it.

One limitation of this model is that only some students are involved at one particular
time. In the summary of their study, Cowie and Bell identified five elements of their formative
assessment model. The first element in their model emphasised using the two types of
assessment (planned and interactive). An elemental feature of formative assessment regarded the

complexity and skill associated with the task, which relies on teacher knowledge, must be
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presented in an on-going and responsive way, and requires preparation and planning. The
purpose for learning has the central role in formative assessment. The teacher’s action is to be
taken from student responses is a significant element of the model. The final element of their
model states data-driven research contributes to the existing body of knowledge on formative
assessment. When educators knew about the details of formative assessment it raised teacher
awareness and allowed them to reflect on their practice in new ways (p. 114-115).

Sadler first published research on formative assessment in 1989 and emphasized that the
pupil must be able to self-monitor and engage in metacognitive activity; they must hold a
concept of quality that is similar to the teacher. In order for a student to self-monitor, students
must (1) understand the goal or learning objective, (2) compare the current level of performance
to the desired level, and (3) engage in action that leads to some closure in the gap between
current performance and desired performance. Sadler (1989, p. 120-124) defines formative
assessment as, “Formative assessment refers to assessment that is specifically intended to
provide feedback on performance to improve and accelerate learning”.

For this action research, formative assessments in the form of curriculum-based pre and
post-tests as a variety of activities to ensure daily continuous formative assessment can help
close the gap between student understanding and desired goals. Bell and Cowie (2001) make a
distinction between formative assessments, identifying two types of formative assessment:
formal and informal. Information that is gathered and recorded and planned is said to be formal,
while informal assessments do not have a written record of information solicited from the

learner. The later formative assessment may arise from student responses and can be interactive;
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meaning the information that can be gleaned from the informal assessment is interactive between
teacher and student during the learning process (Bell & Cowie, 2001).

Assessment that is formative provides a source of data to inform educational decisions
that guide instruction day-by-day, minute-by-minute (Leahy, Lyon, Thompson, & Wiliam,
2005). Student responses and ideas can be gathered through formative assessment in the form of
assessment probes and classroom techniques, or FACTs (formative assessment classroom
techniques). Teachers employ a variety of techniques to obtain and understanding of student
learning and modify instruction to fit student and classroom needs. Formative assessment is a
continuous process that gathers evidence about how students are progressing toward learning
goals. Formative assessment involves students in self-assessment about how their learning
progresses, so if students are in charge of their learning and works with the teacher there can be a
closure of knowledge gaps between understanding and desired learning. (Keeley, 2008, p. 25-

26).

Inquiry-based science

A fundamental characteristic of effective formative assessment is to promote
conversations and experiences that allow teachers to listen to inquiry (Duschl, 2003, p. 43-45).
An additional goal of inquiry-based science and laboratory activities is to provide an experience
that is common to each member of the classroom so students know what is being discussed. The
teacher must interpret observations of student learning during lab experiences to make a

conclusion about student cognition (Coffee, Douglas, & Stearns 2008, p. 147). Ruiz-Primo and
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Furtak (2007) relate inquiry activities to formative assessment if they facilitate the E-R-U Model,
which states:

Formative assessment that facilitates listening to inquiry should include: (1)

discussions in which students share or elicit their thinking, ideas and results, (2)

allow teachers to recognize student participation and learning, and (3) allow

teachers to use students’ participation, ideas, and results to develop activities that

promote learning (p. 231).

If students are taught science through inquiry, they will know what they know, how they
know what they know, and why they believe what they know (Duschl, 2003, p. 52). Development
of thinking, reasoning, and problem-solving skills to prepare students in the development and
evaluation of scientific knowledge, explanations, models, experimental design and questions is a
goal of science education reform (Duschl & Gitomer, 1997). The National Research Council
(2001) describes the development of these skills as foundational abilities from students to engage
in learning science through inquiry. Laboratory investigations have been a staple of science
programs since the turn of the 20™ century (Hofstein & Lunetta, 2004). Lab investigations are
integrated into the science curriculum in a meaningful way to help students develop a deeper
understanding of the science content, as well as an understanding of the nature of science, the
attitudes of science and the skills of scientific reasoning (Singer, Hilton, & Schweingruber,
2006). Current educational standards emphasize inquiry rather than the memorization of
knowledge. Students are encouraged to explore and investigate the world around them.
Furthermore, the NRC has indicated that scientific understanding of concepts can be promoted

through inquiry when students actively participate in the learning process (NRC, 1996). An

21



inquiry-based learning experience supports the conceptual understanding of science concepts
(Lee & Krapfl, 2002).

Inquiry in science education is focused on the process of developing explanations about
the natural world through participation in complex activities of scientific practice. Inquiry is the
act of systematically investigating and exploring aspects of the natural world in order to develop
coherent explanations for how those features of the world work. If inquiry science instruction is
to have any hope of being incorporated into the classroom practices and, more importantly then it
is to lead to scientifically literate students who are inspired rather than overwhelmed by science
as an intellectual activity (Passmore, et. al., 2009).

Passmore et. al continue to define scientific literacy as “an understanding of the content
of science coupled with an understanding of how that knowledge was generated and
justified”(2009). In an inquiry classroom, students should be given opportunities to engage in
conceptual inquiry as they develop, revise their thinking, and use models, data, or contradictions

to achieve conceptual consistency (Passmore, et al., 2009).

Misconceptions

In this action research, the use of formative assessment probes was the predominate
means to assess, reveal, and identify commonly-held student ideas. Discussing ideas for
assessment probes have the potential to lead teachers to examine their own thinking, sometimes
bringing teacher and student misconceptions to the surface (Coffey, Douglas, & Stearns, 2008).
A misconception is a view or opinion that is incorrect because it is based on faulty thinking or

understanding. Students bring with them their own sets of beliefs and experiences that shape
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their understanding. Students are individual learners with individual alternative conceptions or
misconceptions. Misconceptions can be corrected, but they must be corrected by their owners.
Educators can identify misconceptions by listening, clarifying, analyzing student responses, and
by requiring explanations and discussions. (Gooding & Metz, 2010).

In the learning of Earth Science, students have common misconceptions or alternative
conceptions regarding this discipline of science. A Private Universe (Sadler, Schneps, & Woll,
1987), a documentary which is partly composed of interviews with middle school students,
professors, and Harvard graduates about the cause of seasons and moon phases, the researchers
found that, regardless of schooling, students hold false beliefs about these concepts. Regardless
of education, even Harvard students and faculty revealed misconceptions of the Earth-Moon-
System in their explanations. Interestingly, students with much less education offered similar
misconceptions. After re-teaching, some students change their conceptions of these concepts,
but others held fast to their original misconception. The research demonstrates how difficult it
can be to unlearn information. Some researched misconceptions in the discipline of astronomy
that students often hold include: (1) the Moon does not rotate on an axis it revolves around the
Earth, (2) the phases of the Moon are caused by shadows cast by other objects in the solar
system, (3) seasons are caused by the distance from the Sun, (4) alternative concepts of
astronomical distances within the solar system,(5) reasons and explanations for tides, and (6) all
stars are the same (New York Science Teacher, 2010;Miller & Brewer, 2010;Gooding & Metz,

2010).
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Discourse

Black and Wiliam highlight the importance of discussion in their paramount research of
formative assessment. Discussion can be used to provide assessment opportunities if the time is
taken to look and listen carefully to the talk and actions though which students develop and
display their understanding. It is their claim that opportunities for students to express
understanding should be designed into teaching and will initiate the interaction through which
formative assessment aids learning. Dialogue with the teacher provides an opportunity to the
teacher to respond to and reorient the students’ thinking. Their research stressed that discourse
between students and teachers should be thoughtful, reflective, and focused in order to explore
understanding and enacted in a way that gives students and opportunity to think and express their
ideas (Black & Wiliam, 1998). Research shows that the role and nature of discourse affects the
quality of students’ movement within discourse from formative feedback to assessment activities
(Anderson et. al, 2007). In the science classroom, a powerful tool of both inquiry and identifying
misconceptions is discourse. Some researchers have referred to this activity as discursive
practice or argumentation. Discourse is the process by which scientists assess their explanation
as they relate to the data or models that were used to develop the explanation (Passmore et. al,
2009). Talk provides a dynamic and interactive platform for scientific exploration and
knowledge. Peer and whole-class discussions provide students with opportunities to reflect,
disagree, and interrogate scientific claims, along with promoting roles and relationships between

past, present, and future understanding (Zack & Graves, 2001).
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Self-Assessment

Self-assessment by students is an essential component of formative assessment. When
trying to learn, students must understand the desired goal, determine evidence about their present
position, and have some understanding of a way to close the gap between the two (Black &
Wiliam, 1998). A characteristic of formative assessment is that both the teacher and student are
assessing. Student self-assessment is an important part of formative assessment (Bell & Cowie,
2001). Students reflect on their own learning, self-assess, and receive peer feedback (peer-
assessment), as well as react to their and others’ evaluations of their learning. Formative
assessment is not only made up of diagnostic assessments, but also of peer and self-assessment
(Chin & Teou, 2009). Providing frequent feedback during the inquiry process helps students
develop a deeper conceptual understanding; however, this task can be difficult for the teacher to
always provide. One remedy is to use tools such as peers or self-assessment. This feedback has
the propensity to give students multidimensional perspectives on work, which leads to an
increase in student knowledge. Furthermore, students don’t perceive this form of assessment as
judgment, but rather as a method for improving their work, resulting in increased understanding
by students summarizing their work, discussing their work with others, identifying difficulties,
and clarifying complex issues when evaluating their work. Self-assessments are a way to help
students clarify their work to date, and allows the teacher to gather information about student
perception of progress (Peters, 2008).

In regards to self-assessment, Clymer and Wiliam (2006) conducted a pilot study of a

single 8" grade physical science, with a sample population of nineteen students, where teachers
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assessed student performance using traffic cups. Students understood that their achievement at
the end of the period was more important than at the start, and that the purpose of self-
assessment was students were expected to improve in their learning. During the study, students
shifted toward goal mastery, where the goal was to understand the concepts. Students learned
more when they focused on the concept. The researchers found this practice changed the
classroom culture because students were more engaged in monitoring their learning. In this
study, it was found that students’ ideas of their teacher changed in addition to their own
perception of their performance. For example, two-thirds of students saw the teacher as a coach,
while one-fifth saw the teacher as a coach and a judge, and only one-tenth saw the teacher as a
judge; three-fourths of students thought they performed better in science after self-monitoring
practices were put into place. Due to the small sample size, student achievement results of this
study were not statistically significant; however, when results were compared to larger sample
populations, it was found there was a positive impact on student achievement on assessment for
learning (Clymer & Wiliam, 2006-2007, p. 38-42).

Black and Harrison (2001) also conducted a study on the science student’s role in
formative assessment regarding self- and peer-assessment. In their study, the researchers
analyzed the outcomes of twelve science and twelve math teachers at six schools and concluded
that an essential condition for the development of formative assessments is that the students are
engaged in self- and peer-assessment. During this study, students had to indicate their
confidence level in regard to the learning goal. Students colored in a scale of five boxes. Zero or
one box indicated the student was confused on the learning goal, while five boxes indicated

student confidence in understanding the learning goal. In addition to tracking their learning, the
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students added comments to help the teacher analyze student understanding. One difficulty of
this approach is actively involving the students, getting them to think about their work in terms
of learning goals. This study introduced two new features to teachers. One was peer-assessment
of group work and the other, traffic lights. The peer-assessment aspect allowed students to learn
from taking the teachers’ role and examining the work of others. Value was placed in the work
of the student, which allowed the teacher to reflect on what was happening in the classroom and
provide interventions to struggling learners. The traffic lights method was a simple means of
communication of the students’ judgments about their understanding. An advantage of this
method was the teacher could, at a glance, identify learning difficulties and target students that
needed help without intensive elicitation of student ideas. It was also found that this method
allowed for students to communicate their learning to each other. In this study, researchers
found teachers valued formative assessment practices as worthwhile and improved day-to-day
learning. The employed methods also transferred more responsibility for learning to the student.
The teacher role shifted from delivering instruction to coaching student learning, which was a
powerful agent of change and allowed for more meaningful feedback to the students, which in

turn changed and strengthened the role and relationship between learners and their teachers.

Learning Goals

An important feature of self-assessment within the realm of formative assessment is
establishment of learning goals. Assessment for learning involves students in their own
assessment to gain confidence and achieve at their highest potential. Students, like their teachers,

must be engaged in the assessment process (Stiggins & Chappuis, 2006). Research has shown
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formative assessment, assessment for learning, has shown gains in student achievement,
especially among low-achieving students (Black & Wiliam,1998). The problem of students not
knowing the purpose of what they are learning and doing makes it hard for students to give
meaning to content and apply their learned knowledge. Students want to achieve goals and
conceptualize the process toward reaching the goals as a set of instructional activities. Two key
components of good science teaching are to provide student with a clear objective and make sure
students have the concepts and techniques to achieve that goal (Westbroek, et. al, 2010).
Educators are continually striving to close the achievement gaps of their students. In a
2006 journal article, Stiggins & Chappuis propose that the use of student-involved classroom
assessments contributed to positive self-assessment of student thinking. Traditionally, low
performers judged themselves as incapable of succeeding. Building on a decade of research
allowed Stiggins & Chappuis to build a case for student-involved classroom assessment. The
two researchers identified best-practices of teachers that close achievement gaps. Practices
included using student record-keeping, involvement in assessment, and communication as a key
aspect of continual improvement leading to success in the perspective of the learner. Teachers
provided their students with clear and appropriate visions of what they wanted them to achieve,
and students kept records to monitor their improvements in performance and conceptual change.
Repeated self-assessment allowed the students to watch them grow. By charting their progress,
students gained control over their own learning, boosting their confidence (Stiggins & Chappuis,
2006). In their review of research, they set forth conditions for reducing achievement gaps. The
first condition was that students need to know what they are expected to learn and what to do to

get from where they are to where they should be (Black & Wiliam, 1998; Sadler, 1989).
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Assessment for learning is a meta-cognitive process in which the student is thinking about
themselves as a learner. Assessment must not only be a clear vision, but also one in which the
teacher, in assessment for learning environments, deconstruct the state standards into classroom
targets for students. The clarity of these expectations is of utmost importance in student success
in achieving the desired goal. Students must know what they are expected to learn to be actively
engaged in the learning process. Student involvement in formative assessment depends on

students knowing expectations (Stiggins & Chappuis, 2006).

Conclusion

In this review of literature, cases and arguments have been presented for the effectiveness
and use of formative assessment in the accomplishment of student learning goals. A formative
means of assessment provides valuable feedback for teachers and use of discourse can become a
platform for revealing student misconceptions as well as a means to provide feedback to students
during the learning process. The way in which the practitioner tools, such as inquiry-based
activites, assessment probes, self-assessment, and learning goals, can impact student
performance and mastery of learning goals and objectives. Formative assessment techniques
allow the student to think about his learning and understanding. Formative assessment can also
convey learning expectations to students. Techniques such as probes, discourse, and self-
assessment not only identify misconceptions but help shape the learning environment can be
used as a tool to prepare students for summative and high-stakes testing.

In chapter three, I outlined the procedures and design for this action research. The use of

formative assessment probes was utilized to facilitate discourse. The uses of learning goals,
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deconstructed from state-mandated benchmarks, were used by the teacher to guide instruction
and for the student as a means to self-assess on learning expectations. The use of student
responses and teacher observations during the implementation of formative assessment
techniques provided qualitative data. The use of a pre/post-test served as quantitative data to

measure the impact of the use of formative assessment on student performance.
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CHAPTER THREE: METHODOLOGY

Introduction

This action research was conducted to implement practices that gave insight into student
understanding and learning. The current climate in education places a strong focus on teacher
accountability in terms of student performance on high-stakes testing. The purpose of this action
research was the use the tool of formative assessments in order to ascertain student ideas about
science content before instruction begins. Formative assessment is a tool that teachers can use to
guide their instruction based on student needs and student current understanding of topics.

The overarching question guiding this action research project was how effective my
teaching practices were on student performance data when I implemented formative assessments.
I focused on student ideas in the Earth-Moon-Sun system, which included: reasons for seasons,
moon phases, effects of the Sun-Earth-Moon system, and eclipse models. The questions guiding
my research were:

1. “How did the use of formative assessment affect student performance data in

understanding the concepts of the Sun-Earth-Moon system?”

2. “How did the use of learning scales as formative techniques impact student self-

assessment of their knowledge of the Sun-Earth-Moon system?”

3. “How did the implementation of formative assessment techniques affect student

discourse on the topic of the Sun-Earth-Moon system?”

This chapter described the design of the study, school and classroom setting, instruments,

data collected, methods, and data analysis.
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Design of the Study

This was study was conducted through action research. Action research was chosen
because of the nature of the study. Action research taps into the current research base to add to
the professional knowledge of practitioners. This form of research was chosen because it
involved me, as an educator, to engage in an inquiry process and gain professional expertise that
could add to a growing body of research about formative assessment. By its nature, action
research creates an opportunity to improve student learning and teacher instruction. The purpose
of action research in this study was to empower me as a teacher-leader in inquiry to inform and
improve my practice by using results and other research (Katzernmeyer & Moller, 2009, p.56-
57). In developing my rationale for using action research I realized that this study would require
me to use data to make decisions about the effectiveness of my practice and the techniques used
in the classroom to impact student learning.

Formative assessments take on many forms in the classroom. I used a few varieties of
formative assessment techniques to probe students’ ideas about science concepts. Page Keeley,
researcher and teacher leader, has created and published formative assessment probes referred to
as “talk-friendly probes”. These probes are designed as questions that allow students to select a
response they agree with and provide justification for their choice. The probes are written in such
a way that they reflect real-world scenarios and focus on science-related concepts. The probes
provide choices in which one response reflects the correct thought behind a scientific idea while
the other choices are distracters that can expose student misconceptions. These probes allow the

classroom teacher and participants to facilitate discourse about the science-related concept
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(Keeley et al., 2007, pg. xi). Keeley states, “the probes are not designed for use with control
group and comparison studies; rather, they are to serve as a bridge between formal research
findings about students’ ideas. The probes are designed for practical application in the
classroom. The probes can be used with different state standards and instructional materials
because they are based on core science concepts.” (Keeley, et. al, 2005, pg. ix-x). For this study,
I utilized the probes to elicit student ideas and promote discourse in the classroom setting and
gather data.

In this study, students used learning goals to assess their learning and track their learning
on benchmarks that were related to activities within the learning goal. Chappuis and Chappuis
(2007/2008), suggested giving a list of student-friendly learning targets as a way for students to
build their framework toward the goal. Students were given a tracking chart to both assess and
track their learning though the course of the study and related topic, Sun-Earth-Moon system.
Students’ periodically evaluated their understanding or performance in the learning goal before
and after instruction. For this study, I utilized student tracking as well as observation of student
reflections on what they learned. The reflections were in the format of social media posts. The
students gave a short summary of what they learned or how their thinking had changed over the
course of the learning goal.

To quantitatively measure student learning, I utilized a district-created pre/post
benchmark test. This test was designed to provide accountability; therefore, benchmark
assessments can be a predictor of future performance. The pre-test was formative in my study

because I could use the initial data to target benchmarks with which my students needed the most
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help. The test is mandatory in my district, and I used the pre-post test data to measure student

performance.

Setting

The study was conducted in an 8th grade Earth Science classroom. The school was
located in an urban population of central Florida and is comprised of a student population from
different socio-economic communities. In the school, 51.1% of students received free and
reduced lunch. The ESE population was 19% and the ELL population was 25.2%. The
demographics of the students were as follows: Black, 35.6%; White, 32.2%; Hispanic, 22.8%;
Asian/Pacific Islander, 5.7%; Multi-Racial, 3.3%; and American Indian/Alaskan Natives 0.3%.
The school used a seven class daily schedule. Every class met for fifty-one minutes four days a

week and for forty-one minutes on Wednesdays.

Classroom Setting

A total of twenty-three students were in the classroom. The classroom was comprised of
56.5% males and 43.5% females; 34.7% White, 34.7% Black, 30.6% Hispanic. The classroom
had 62.5% of students classified as economically-disadvantaged, receiving free or reduced lunch.
Of the classroom population, 45.8% were ESE/Students with Disabilities. According to FCAT
data from the 2010-2011 testing year, 37.5% of students scored below Level 3 in Math, and 33%
below Level 3 in Reading. Eighteen students agreed to participate in the study and the results of
their performance, responses, both written and verbal, as well as teacher observations, were used

in the data analysis of this action research. Of the eighteen students that participated in the study
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consisted 50% males and 50% females; 33.3% Hispanic, 38.8% Black, 27.9% White; 55.5%
were classified as ESE, 72.2% were economically-disadvantaged. The class was my seventh
period of the day.

The class also had a support-facilitator, one day a week, to provide ESE accommodations
to students. All the students were in 8th grade, and their age ranged from 13 to 15 years. In the
seventh period, the majority of the students were classified as ELL (English Language Learner),
ESE (Exceptional Student Education). Two of these students were on Behavior Improvement
Plans while eleven students had Individual Education Plans. The class also reflected school
demographics, more than my other classes. These students were selected because of the diversity
of learners in the classroom, and in performance on high-stakes testing these students scored
lower than the average performance of students in my other classes. Furthermore, this class was
at the end of the day and had a high percentage of low performing students which often were in
need of the most attention. This action research allowed me to implement strategies to elicit their
ideas and shape my instruction based on student thinking. This classroom was also representative
of the classes most of my colleagues had. I felt it important to choose a group that was similar to
what fellow teachers encounter in their classroom to become a practical resource for my co-
workers. This class would also serve a purpose of action research, an opportunity for collective

work and could serve as a model of teacher leadership for my colleagues.

Instruments
This action research required a measurement of student understanding, discourse, and

self-assessment of learning goals related to the Sun-Earth-Moon system. The OCPS 8th grade
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quarterly benchmark exam was utilized as a pre-and-post-test to provide quantitative data to the
teacher researcher to target gaps and weaknesses in student understanding as a pre-test. The
instrument used to facilitate discourse was “talk-friendly” probes published by author Page
Keeley. All of the probes used received permission from the author before use and the
publication of this action research. These probes are two-tiered questions that give students
selected responses and require a justification for choice of response. Students choose the
statement they agree with most and explain why they agree with their chosen statement. In the
probes, one choice is the most scientifically accurate choice while the others are distracters that
represent common misconceptions. The probes are aligned with national standards and
encompass the state standards covered during this research. These probes are a practitioner’s
tool used to engage the students by exposing their initial concepts of the related science topics
and allow the facilitator to find out what students are thinking in concurrence with a learning

goal (Keeley, 2008).

Pre-Post Test

The post-test served as a measurement tool to determine student learning gains after the
implementation of formative assessments. This exam was given Kuder-Richardson 20 reliablilty
of 0.79 after administering the exam to 3630 students in the district I service. The exam tested
student knowledge before and after instruction on topics related to the Sun-Earth-Moon system.
All instruction was aligned with the state standards and benchmarks. This exam serves as a

reliable and valid method of quantitative analysis for student performance.
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Talk-Friendly Probes

One of the leading researchers and writers in science formative assessment, Page Keeley,
has published several books that contain formative assessment probes to expose student thinking
and misconceptions. These probes were embedded into the curriculum and were used for
qualitative analysis to understand where students are in their learning process and what gaps
existed. For this research, [ administered several of these probes that focus on the topic of

astronomy. The probes that were used are listed below:

. “Summer Talk”

. “Gazing at the Moon”

. “Going Through A Phase”
. “Moonlight”

. “Lunar Eclipse”

. “Solar Eclipse”

Six formative assessment probes were used in this action research. These probes were
chosen because they addressed the standards and encompassed the tasks essential for
development of conceptual understanding and depth of knowledge. The standard required
students to explain lunar phases and eclipses in terms of the position of the Sun-Earth-Moon
system; explain the effect of the Earth’s tilt and position in orbit on Earth’s seasonal changes;

and how the position of the Earth-Moon-System impacts tidal phenomenon.
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The first probe, “Summer Talk” (APPENDIX E), presented students with the various
ideas people may have about why it is warmer in the summer than in the winter. Students
described why it is warmer in the summer and explained which statement they agree with the
most. This probe elicited students’ thoughts about the change in seasons and the cause of the
seasons on Earth. The purpose of this probe is to elicit students’ ideas about seasons. It can be
used to determine whether students recognize the effect of the Earth’s tilt on its axis and direct
sunlight being the reason for seasons. At the middle school level, students should begin to
develop understandings of the Sun-Earth system, including how Earth orbits the Sun and the role
of sunlight in heating the Earth. The probe can be used to determine students’ misconceptions
about seasons before instruction (Keeley et al., 2008, p. 178).

The second probe, “Moonlight” (APPENDIX: H), required students to explain which
statement they agreed with that explains the source of the light from the Moon. Moonlight was
designed to expose student ideas of light absorption or reflection being the source of the light of
the moon. The purpose of this probe is to expose student ideas about light and the Moon. The
probe is designed to determine what students think is the source of a full Moon’s light. In middle
school, students begin putting together ideas about the Sun-Earth-Moon system and should be
able to distinguish between stars that give off light and planets/moons that can be seen because
light reflects off their surface (Keeley et al., 2009, p. 162).

The third probe, “Gazing at the Moon” (APPENDIX: F), asked students how the moon
phase may change depending on which hemisphere a person viewed the Moon. This activity was
chosen to assess student knowledge of lunar phases and perspective of the Moon from Earth.

This probe was designed to gather student ideas about the Sun-Earth-Moon system and to find
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out if students think the Moon phase changes based on the observer’s location on Earth. This
probe may determine if students use the idea of “opposites” in their reasoning about lunar phases
seen in opposite hemispheres on the same night. Students in middle school are developing ideas
about the geometry involved in the Sun-Earth-Moon system, even though seasons are “opposite”
on North and South Hemispheres the lunar phase does not follow the same reasoning (Keeley et
al., 2005, p. 178).

The fourth probe, “Going Through a Phase” (APPENDIX: G), presented students with a
classroom scenario that lists student ideas about what causes Moon phases. This probe was used
before students conducted a lab to simulate lunar phases in order to better tailor instruction to
student needs and redirect student thoughts from misconceptions to scientifically accurate
statements that describe why lunar phases occur. This probe accounted for student ideas on the
cause of the phases of the Moon. Its design is to find out whether students recognize the role of
light reflection and position of the Sun-Earth-Moon system to explain why we see different
phases. For middle school students, this probe can determine the models students use to explain
lunar phases and the probe is used for the purpose of designing instruction to challenge those
ideas (Keeley et al., 2005, p. 184 ).

The fifth and sixth probes provided students with multiple choices for ideas that explain
why eclipses occur. The fifth and sixth probes, “Lunar Eclipse” (APPENDIX: I) and “Solar
Eclipse” (APPENDIX: J), asked students to choose one idea and justify their response or
thinking about the eclipse phenomenon. These probes address the location of the Sun-Earth-
Moon bodies during these eclipse events. These assessment probes are designed to expose

students’ ideas about eclipses and to find out the cause of lunar and solar eclipses. In middle
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school, students should be able to compare and contrast lunar and solar eclipses, the use of
models is important to develop an understanding of this phenomenon of the Sun-Earth-Moon

system (Keeley et al., 2009, p. 169, 177).

Self-Assessment Learning Goal Tracker

In addition to the aforementioned instruments, teacher and department-created learning
goals were used school-wide to monitor and track student learning (APPENDIX: K). The
learning goals and essential questions were designed to be aligned with the Next Generation
Sunshine State Standards and essential questions provided by the district CIA (Curriculum,
Instruction, Assessment) blueprint. The essential questions frame instruction as well as served as
questions for discussion after the probes were administered. The learning goals (APPENDIX: L-
O) are teacher and department-based created goals that describe for students the activities they
should be able to complete to perform on target. Students track their assessment of their learning
on a teacher created tracking chart. This self-assessment was used to gain insight into student
understanding of the learning goal and to determine which students to target for intervention and

further instruction.

Methods of Data Collection

The UCF IRB was contacted at the onset of this study to obtain permission to use human
subjects for the study (APPENDIX A). The IRB required parental permission; however, formal
permission was not needed because the study did not include any procedures that were outside

the realm of the regular classroom. The school district was also contacted for permission to
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collect data, and permission was granted. All data and student responses were kept confidential
and were used only for purposes of the action research thesis and informed teacher instructional
practices. In the data analysis, students were provided with pseudonyms to protect the identity of
the participants

The collection of data occurred within the second nine weeks of the 2011-2012 school
year. In late October, students took the second nine weeks pretest. The Sun-Earth-Moon system
was taught from the end of November until the second week in January. Students were
administered the post-test January 19, 2012. A T-test analysis was used to measure student
performance as demonstrated with questions relating to the Sun-Earth-Moon system. In addition
to a T-test that determined significance of data, a means measure test was used to determine the
average change in performance on the pre/post-test.

I followed the curriculum set forth by the school district. The students were provided
with a formative assessment folder that included the Keeley probes, a learning scale tracker and
free-response pages for students to provide additional feedback and reflection on what they were
learned. Instruction and data collection was divided into four sections as it pertains to the Sun-
Earth System: Seasons, Moonlight and Lunar Phases, Tides, and Eclipses. As students tracked
their learning the title of each section was placed above their before and after instruction column
on the chart. Through the course of instruction sticky bars were the most frequently used
technique. Sticky bars were used to make the students’ ideas public before instruction. The data
derived from this technique was used to identify the extent to which students had changed their

ideas as a result of their learning experiences and interactions in discourse. Before and after
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instruction exit slips, in the form of an agree/disagree statement, were also utilized to elicit data
from the students.

The typical data collection of each section began with an essential question. The onset of
the lesson to be taught began with an assessment probe. The probes were used throughout the
research and used to glean information on what students thought and perceived to be true about
the Sun-Earth-Moon system. The “talk-friendly” probes were chosen because of the real
scenario nature of the probe, as well as its use of illustrations with questions, and space for
justification of responses. The lessons using probes were videotaped to analyze teacher
questioning and student responses. This provided descriptive data on how formative assessment
impacts discourse and how discourse may impact student understanding and self-assessment.
Following the administration of the probe, students self-assessed their understanding of the
learning goal on their learning scale tracking chart. Formative assessment techniques were also
utilized on a daily basis, some of these included but were not limited to: whiteboards, traffic
lights, sticky bars, and think-pair-shares. These formative assessment strategies could be used by
all populations of students and provided necessary accommodations to ESE students in the
classroom. Formative assessments were used to guide instruction, putting the student in the
driver’s seat of their education. Teacher observation occurred throughout the research, such as
during student work in lab activities, through classroom discourse, by reading the students’
responses to the probes, as well as analyzing self-assessment tracking charts and techniques such
as agree/disagree statements. The agree/disagree statements were used on the last three sections

as a pre/post exit slip to measure change in student ideas.
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Other methods of gathering descriptive data from students included teacher observation,
videotaping of lessons, and discourse in the classroom. The videotaping of lessons allowed me to
evaluate my reaction to student responses and notice student concepts to shape my instruction.
Videotape was transferred to a secure source and erased after completion of action research. On-
going informal formative assessment classroom techniques were implemented in order to guide
instruction and provide the teacher researcher with feedback of where students were in their
learning. This action research explored results of formative assessment classroom techniques
while benchmark data will serve as means to measure performance data. All data were collected
and analyzed from November to January of the 2011-2012 school year. At the end of the nine
weeks a post-test (identical to the pre-test at the beginning of the nine weeks) was given to

determine student performance on the related benchmark.

Methods of Data Analysis

The purpose of this study was to identify changes in student understanding of the Sun-
Earth-Moon system. Qualitative data on student performance included sticky-bars and
agree/disagree statements, talk-friendly probes, and student responses which were analyzed for
changes in understanding, including wording and explanations. The classroom discussions were
observed and videotaped for further analysis of how the talk-friendly probes affected classroom
discourse. The use of learning goals and a tracking chart allowed students to monitor and self-
assess their learning and also provided data on student perceived understanding of the learning

goal. Students were administered a pre-test at the beginning of the nine-weeks and a post-test at
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the end. The pre/post-test provided quantitative data of the students’ performance on the overall

test, standard, and the benchmark targeted in this study.

Exit Slips: Agree/Disagree Statements

Pre- and post- instruction exit slips (APPENDIX: O-Q), in the form of agree/disagree
statements served as a method to determine if student ideas had changed. The pre-post agree
disagree statements also had the learning goal on the bottom to ensure student responses on their
learning goal if not noted on the tracking chart. The agree/disagree statements provided a stimuli
to encourage scientific argumentation and to help me identify areas that needed targeted

instruction.

Sticky Bar Questions

Sticky bars were teacher created questions presented to the students to gauge student
understanding of vocabulary and content commonly assessed. The sticky bar technique was used
on a frequent basis to make the students’ ideas public and identify the extent to which student
thinking changed after engaging in learning experiences and interactions during discourse. The
sticky bars presented to the students were described below. In this technique, I targeted student
ideas of seasons when given an image showing latitude and pole markers indicating the tilt. The
pole in the northern hemisphere was pointed toward the Sun and the latitude lines were tilted
across the representation of the Earth. In the first question, students were asked to identify the
season that would be experienced in the Northern Hemisphere: Winter, Spring, Summer, or Fall.

The second question asked students to identify which reason best explains their thinking: (1) The
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sun is directly overhead at 23.5 degrees north latitude at this time; (2) The Earth is at vernal
equinox, it is March and spring is starting; (3) The Earth is at autumnal equinox, it is September
and fall is starting; (4) The sun is directly overhead at 23.5 degrees south latitude at this time.
The third and fourth teacher-created sticky-bar question provided students with a similar diagram
except the latitude lines and pole markers were shifted to face away from the Sun in the Northern
Hemisphere. In question three, choices included: winter solstice, spring equinox, summer
solstice, and fall equinox. The fourth question with the diagram asked students to identify the
reason that best explained the change in seasons. Responses students choose from included: (1)
Earth is farther away from the Sun when the Northern Hemisphere is experiencing summer; (2)
Earth’s axis changes the degrees it is tilted during its revolution; (3) Earth’s axis tilt changes then
angle of direct sunlight the Earth receives; (4) The Southern Hemisphere is closer to the Sun
during their summer. The final set of sticky-bar questions had a similar diagram, the pole
markers were faced away from the Sun in the Northern Hemisphere, but the lines of latitude
were not tilted and went straight across the globe to indicated equal direct sunlight. The fifth
question in the series asked the student to identify the month that could be occurring in the
diagram: January, December, March, or August. The sixth question asked them to identify the
reason that best explained their thinking, choices included: (1) The sun is directly overhead at
23.5 degrees north at this time, it is summer in the Northern Hemisphere; (2) the Earth is at
vernal equinox, it is March and spring is starting, Sun’s direct rays are hitting the equator; (3)
The Earth is at autumnal equinox, it is September and fall is starting, Sun’s direct rays are hitting
the equator; (4) the sun is directly overhead at 23.5 degrees south at this time, it is winter in the

Northern Hemisphere. In probing the conceptual knowledge of tides I presented student with the
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following problem. Students were asked to identify the position of the moon during spring tides.
On the whiteboard, I drew the Sun to the right, Earth in center, and four moons were shaded to
represent the view from space at New, Quarter and Full Moon positions. The Full Moon was
labeled as position one, Third Quarter was position two, new moon was position three and First

Quarter listed as position four. Students had to indicate the lunar phase during spring tides.

Inquiry-based Lab Activities

Lab activities were also used to probe student understanding, allow students to engage in
learning using manipulatives, and teacher observations were made during the labs. These
activities were videotaped to review student responses while participating. Two labs were
administered regarding Seasons they were Distance Causing Seasons and Modeling Sunlight.

Distance Causing Seasons was to guide student thinking away from distance being a
plausible explanation for the change in seasons. In the lab, students were provided with five
meters of register tape, metric ruler, and colored pencils. Students were to create a model of the
Sun-Earth system when Earth is at perihelion and aphelion (the closest and farthest points in
Earth’s revolution). After students created the model and determined the difference in distance
for aphelion and perihelion, students were provided with an exit slip that required them to fill in

the blanks in the following statement: “Sometimes during its’ around the Sun,

Earth is five million kilometers closer to the Sun. This amount of distance could not possibly be
the reason our seasons show big differences in and the length of and

.” The Modeling Sunlight lab, is a teacher led lab to reinforce the idea that the

tilt affects the direct sunlight received in a hemisphere thus causing the seasons. This lab

46



reinforced the standard being taught and dispelled the notion that distance from the Sun
determines the season.

The second lab, Modeling Sunlight, was a teacher-led inquiry lab in which students
participated and worked together to construct their understanding of why the seasons change. In
this lab, one student was selected to model the sun by holding a flashlight, the teacher was the
Earth, and the students circled around the Sun and Earth holding constellations, while four
students measured the direct “sunlight” and where it was hitting the Earth and all students used
data charts to analyze the relationship between latitude and direct sunlight during the four
seasons. This lab provided students with an accurate explanation for why seasons occur and was
aligned with the standards taught during this action research.

Lunar phases also included a lab where students investigated the position of the Sun-
Earth-Moon system and the related lunar phases. Students modeled the lunar phases using a
lamp, Styrofoam balls, and recorded observations in their notebooks. Students created a data
chart in their notebooks and drew eight boxes that were labeled in degree measurement, starting
with zero degrees and ending with three-hundred-fifteen degrees each time increasing by forty-
five degrees. After each forty-five degree turn to the left students recorded their observations.
After completing this lab, to reinforce vocabulary related to the lunar phases, students were given
sixteen plates that represented the moon. Eight of the plates showed half of the moon
illuminated, and the other eight represented the moon’s eight phases. In this activity, students
worked in groups to create a model of the lunar cycle as viewed from Earth and as viewed from
space. Students were also to identify limitations of their model. In addition to creating the model

and identifying limitations of models students were also asked to identify the position of the
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moon during spring and neap tides. After completing their models, students used Post-It notes to
leave feedback for other groups. This lab reinforced the standard which focused on how the
position of the Sun-Earth-Moon system accounts for changes in lunar phases and provided
students with a hand-on model to explain this phenomenon.

To investigate the effects of the Earth-Sun-Moon system and how it relates to tides,
students’ graphed tidal data for five different latitude locations along the Eastern coast of the
United States. Students were given a lunar chart with dates, and tidal data with corresponding
dates. Students worked in small groups to graph the height of the tide and the corresponding
lunar phase. This lab activity included the standard that required students to understand how the
position of the Sun-Earth-Moon system impacts Earth.

In an investigation related to eclipses, students were to draw a model of a solar and lunar
eclipse and identify the parts of a shadow. The problem presented to students was, “What
happens during a solar and lunar eclipse? What are the parts of the shadow they form?” Students
were provided with a metric ruler, colored pencils, and a hand out with three schematics
representing the Sun-Earth-Moon system. Students followed procedures to illustrate the shadows
cast during an eclipse. This activity provided students with an understanding of how the position
of the Sun-Earth-Moon system can impact eclipses, a phenomenon of the Sun-Earth-Moon

system.

Quantitative Data Analysis
The quantitative portion of the data relied on district created pre-and-post exams of the

standards and benchmarks. In this study, benchmark SC.8.E.5.9 was analyzed to measure
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student performance. The standard reads “Explain the impact of objects in space on each other
including: 1. The Sun on the Earth including seasons and gravitational attraction 2. The Moon on
the Earth, including phases, tides, and eclipses, and the relative position of each body.” This
standard was annually assessed and required a high depth of knowledge. The benchmark was
broken down further to ensure students can explain the lunar phase and eclipse phenomena in
terms of the relative position of the Sun, Earth, and Moon; explain the lunar tide phenomenon in
terms of the relative position of the Sun, Earth, and Moon; and to explain the effect of Earth’s tilt
and position in orbit on Earth’s seasonal changes. This breakdown of the benchmark was the
foundation of the targeted learning goals students used for self-assessment. After the
administration of the second nine weeks post-test, a T-test was used to quantify changes between

student performances on the pre-and-post-test data.

Triangulation of Data

The data collected was triangulated for analyses which included student written
explanation, and shared explanations during discourse, lab activities, and formative assessment
techniques such as sticky bars and agree/disagree statements. In addition to the probes and
videotaped discourse, students also monitored their learning using a tracking chart and included a
summary statement of their learning. Teacher observations during class discourse, instruction,
lab activities, and observations of student tracking and responses to formative assessment
techniques were also used in triangulation of data. Finally the use of the pre-post exams
provided quantitative feedback on student learning. Using these, data inferences and correlations

were drawn about the effectiveness of this practice on student learning. The use of probes,
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formative assessment techniques, and self-assessment practices data provided by students
allowed me to better target my instruction to students for increased understanding of the Sun-

Earth-Moon system.

Summary

In this chapter, I described the design of the study, instruments, and methods of data
collection and analysis. A description of the school and classroom setting as well as student
population, in which the research was situated, was also discussed. The instruments used for
qualitative and quantitative methods and data analysis were also outlined. In Chapter 4, the
qualitative and quantitative results of the data from this action research were analyzed for how
they related to the guiding research questions: “How does the use of formative assessment
impact student performance, self-assessment, and discourse in understanding the Sun-Earth-
Moon system?” The next chapter detailed how the action research proceeded and what was
found, in terms of themes that emerged, from the implementation of formative assessment

techniques and analysis of data to my research group.
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CHAPTER FOUR: DATA ANALYSIS

Introduction

This action research study focused on my practice of using formative assessment on
student performance, discourse in the classroom, and self-assessment. In this chapter, I analyzed
the data collected from teacher observations, formative assessment techniques including talk-
friendly probes, annotated drawings, sticky-bars, collaborative-clued responses, agree/disagree
statements, student reflections, and performance data from pre-post-test. Student discourse and
responses were videotaped and the data provided by students were analyzed. Student data and
reflections were collected and analyzed in their formative assessment folders. The folders
included all of the probes used in the classroom lessons for the Sun-Earth-Moon system, a
tracking chart for student monitoring of learning goals, as well as a section in the folder for
reflections to write what they learned related to the science topics we covered. Finally, student
pre-and-post test data were analyzed. The data was presented in the order that it was given to the
students: Seasons, Moonlight and Lunar Phases, Tides, and Eclipses. The results of the
formative assessment techniques used as well as discourse were presented in each section. An
analysis of the first research question, “How did the use of formative assessment affect student
performance data in understanding the concepts of the Sun-Earth-Moon system?”, were
discussed after the results of the post-assessment at the end of the targeted themes of instruction.
Lastly, each question was answered based on triangulation of the data sources. The three guiding

questions for my action research thesis were:
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1. “How did the use formative assessment affect student performance data in
understanding the concepts of the Sun-Earth-Moon system?”
2. “How did the use of learning scales as formative techniques impact student
self-assessment of their knowledge of the Sun-Earth-Moon system?”
3. “How did the implementation of formative assessment techniques affect
student discourse on the topic of the Sun-Earth-Moon system?”
The following section presented an overview of a typical school day and data analysis. |

examined the collected data and identified themes and patterns that emerged.

A Typical School Day

A typical school day began with elicitation of data using a formative assessment probe.
Students then assessed their understanding of the learning goal on a tracker. The tracker was
placed in the students’ formative assessment folder. The tracker included a scale zero to four
and students assessed their learning on the scale before and after each lesson. The lessons
assessed by students were as follows: Seasons (students labeled as orbit and tilt), Lunar Phases,
Tides, and Eclipses. Following the probe and initial assessment, students were presented with a
variety of formative assessment classroom techniques and inquiry-based lab activities to measure
student performance on the standard and benchmark related to the Sun-Earth-Moon system.
After analyzing student responses given during discourse, misconceptions were identified and
used to develop a more effective means of instruction to target misconceptions and gaps in
knowledge. In order to dispel misconceptions and reinforce sound scientific explanations,

formative assessment classroom techniques and inquiry-based labs related to the science
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concepts that students struggled with were implemented. During the use of formative techniques
and lab activities students were encouraged to discuss their findings and develop a deeper
understanding of the concepts taught. At the end of the week of instruction on each topic,
students indicated their scale score on the learning goal tracker and asked to write how their
ideas changed in their assessment folders and share their change in learning during classroom

discourse.

Research Question 1: “How did the use of formative assessment affect student
performance data in understanding the concepts of the Sun-Earth-Moon system?”

To answer this question I used teacher observations from lab activities, data collected
from formative assessment classroom techniques, and pre/post test data. After administering the
probes, in many cases, it was clear that students lacked conceptual understanding of the cause of
seasons. One common response to the probes was for students to copy the response given in the
probe and to not provide a separate explanation. Use of formative assessment probes supported
that students’ understanding of the Sun-Earth-Moon system varied, had gaps, and science
language was problematic for some of them. These factors may hinder their conceptual
understanding of the Sun-Earth Moon system.

To develop explanations about concepts related to the Sun-Earth-Moon system a series of
probes were used along with inquiry-based labs to assess student performance. During the lab
Does Distance Cause the Seasons?, four of the six student groups, when questioned, agreed that
the difference in the distance during Earth’s orbit would not account for the change in seasons

because the difference in aphelion and perihelion were not that great compared to the total
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distance from the Sun. These students recognized there are other factors involved in seasons
other than distance. However, Julie after participating in the lab, still thought the Earth was
closer to the Sun in the summer and farther in the winter. Student explanations of the lab did not
reveal adequate content vocabulary to differentiate between climate and weather nor did they
show a differentiation between temperature and heat. The use of the probe gave students ideas
of possible explanations and the lab expelled the idea for most students that distance is not a
cause. Susan wrote after the lab, “I use to think that the seasons changed because of the distance
and tilt, but now I know it changes because the tilt.” She let go of the notion that the distance
from the Sun was a cause for seasonal change. Jamey, had correctly agreed with the probe,
“Summer Talk”, however his written response, “ When we tilt the Sun’s rays can hit us a lot
more,” was evidence that even though the student arrived at the correct answer he lacked the
conceptual understanding and science language to explain himself.

The Modeling Sunlight activity was used to determine latitudes of most direct sunlight
during the Earth’s revolution. Four of the students had difficulty understanding what direct
sunlight meant even after being shown by the teacher and hearing peer explanations. This was an
indication that student performance on science concepts is, to a degree, dependent on students
understanding the common language used in science class. Jamey, however, gained a deeper
understanding of why seasons changed and shared it with the class. He stated, “The axis did not
(change) tilt. It stayed the same, it was the way the Earth moved in its orbit.” One of the students
that was having difficulty with the data, responded, “Because (of) the tilt (that) means the
sunlight hits the Earth more in some locations causing the seasons, when the amount of light

changes the season does too.” This activity was in response to elicited student responses about
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the seasons and the Earth-Sun system in the probe “Summer Talk”. After observing this inquiry-
lab I concluded that the use of formative assessments and the impact on student performance on
concepts in the Sun-Earth system was foremost an indicator of student conceptual understanding
and the results were used to tailor instruction. I was able to target misconceptions, address gaps
in content knowledge, and help develop a more accurate science vocabulary for students. I chose
to take student feedback to address gaps in knowledge and help students develop explanations
for the cause of seasons. I cannot say this strategy worked for all students equally, but
knowledge gains were shown in students that participated in the lab exercise and students ability
to better explain the reason for the seasons.

The following day, students used annotated drawings, a formative assessment classroom
technique, and worked with a partner to draw the motion of the Sun-Earth-Moon system. As I
circulated around the room, I noticed many groups were drawing three circles and labeling them
Sun, Earth, Moon; however, only one group drew what appeared to be an orbit. I then reminded
the students to show how the system moves. I noticed, at that point that most groups were
drawing orbits. Groups were then asked to display their annotated drawings. Two groups
indicated the direction the Sun, Earth and Moon were moving. One group indicated the orbit of
Earth, but no orbit of the Moon around the Earth. Three groups indicated movement of the Earth
around the Sun and Moon around the Earth, but did not show the direction of the motion. After
students posted their drawings, the class discussed which drawing they thought was most
accurate. Jamal stated his group was most accurate because, “the Earth looked like the Earth and
not just a circle”. I observed students not focusing on the content; instead they focused on the

beauty of the drawing; students were engaged in the activity. It was not until prompting that
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students began to indicate orbit and direction or revolution. A benefit of this type of formative
assessment was it made student thinking visual and allowed students to peer-assess in order to
evaluate ideas. Annotated drawings provided me with an opportunity to explain common
language that some students may not use every day. By explaining these terms and how they
related to the Sun-Earth-Moon system student performance can be impacted positively. Maggie
raised her hand and stated, “The drawing looks good but it does not show that we move counter-
clockwise around the Sun and the moon moves counter-clockwise around us.” Abby said she
doesn’t understand what counter-clockwise means. Several students raised their hands to explain
the idea. Blaine responded, “It means it goes to the left, like a clock going backwards.” The
annotated drawings had indicated that students had limited special understanding of the motions
in space. Hands-on activities, including the use of manipulatives to reinforce the motion of
objects in space were needed to close gaps in knowledge and improve student understanding of
the Sun-Earth-Moon system.

In probing student understanding of the Sun-Earth-Moon system, a lab that modeled the
lunar phases increased student engagement and provided evidence for explaining the cause of
phases. The performance task required students to determine what direction to move to recreate
the phase pictured on the projector. Below the picture was the name of the phase. Students were
given a Styrofoam ball on a stick and a flashlight was used to represent the Sun. Students worked
in pairs, one from the “earthling-view” and another from the “astronaut-view”. Students were
engaged in the activity and a few excitedly stated, “I can see it!” referring to the phases of the
Moon, “I had to turn counter-clockwise.” One student, Avery, who doesn’t participate in

discourse and often seems disengaged in class, came up to me and said, “Depending on where
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the Moon is around the Earth I can see the different phases.” The student was then prompted to
explain how the light and shadow moves across the surface of the Moon. The students turned
around with the manipulative and said, “I see the light going from right to left then the shadow
starts moving from right to left after the full Moon.” His partner, Jorge explained, “But from
space I always see half of the Moon light up. We only see part of the moon, when we don’t see
the moon (New Moon) we just see the dark side. If we see half of it (Quarter Moon) only half of
the bright side is showing.” In the student response folder, Brooke wrote, “The phases change
based on the position of the Sun, Earth, and Moon,” changing her original idea. This activity
revealed that when students were hand-on and minds-on, they were engaged. This activity
provided an opportunity for students to develop an explanation that included the position of the
Sun-Earth-Moon system as the cause for the changing phases of the moon and to develop an
understanding of the motion of objects in space and the interactions of light as viewed from
space and Earth.

After the modeling lunar phases lab, students worked together to arrange the lunar phases
based on their name to improve science vocabulary among the students. Students worked in
groups of two using collaborative clued responses, a formative assessment classroom technique.
One student placed the images of the phases under the lunar phase name that was thought to be
shown. Then the other student viewed the responses and gave feedback before asking the teacher
to check their work. This activity allowed students to work together and facilitated discourse
when students disagreed with the image placed by the other student. I paid careful attention to
Darrell and Jorge working on this activity. During the modeling of lunar phases, Jorge was eager

to share his discovery, but Darrell seemed to struggle with matching the correct phases during
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this technique. Jorge worked with Darrell to show him that his shadows were incorrect in the
waxing and waning crescent and gibbous phase. I asked Jorge how he knew that Darrell was not
correct. Jorge recalled our conversation about the light and shadow movement and pointed out
that after the new Moon phase, the light should appear on the right first and Darrell had placed
the phase image with the light on the left beside the new Moon phase. Collaborative-clued
responses were used twice in the study and in correcting peer writing the technique was
unsuccessful, highlighting the struggles many of the students had with writing in the content
area. For activities that use manipulatives and schematics, this technique and annotated
drawings allowed students to demonstrate their knowledge and clue their classmates in to the
correct response. It also was an opportunity for me to notice and respond to gaps in student
knowledge and target science vocabulary terms that if a student does not understand, can impact
students’ performance.

Agree/Disagree statements were also used to measure student performance on concepts in
the Sun-Earth-Moon system. Students were provided with an exit slip with agree/disagree
statements used formatively to gauge their performance on the understanding of Sun-Earth-
Moon system, moonlight, lunar phases, tides and eclipses. The exit slip was given to see if
students understood key concepts covered in the probes, labs, and readings and related standard
and benchmarks. Common language used by educators and on performance tests is not always
common to the student and this language must be taken into account when assessing learners
with varying abilities. On the tides exit slip, students were given the statement, “Spring tide only
occurs on, March 21*, the vernal equinox in the northern hemisphere and on September 22 in the

Southern hemisphere.” Eight students disagreed with this statement and seven agreed. When
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asked, Jorge indicated he thought the question was asking about when spring occurred. Several
students agreed with Jorge. Regarding this concept, the technique was implored after a two-week
break so time lapse may have been a factor in student retention. The benefit of the exit slip and
the student responding to the exit slip was I was able to change my instruction to review this
concept with students.

Sticky bars were used as a formative assessment classroom technique to review the
concept of tides. Students were presented with a problem which asked students to identify the
position of the moon during spring tides. On the whiteboard, I drew the Sun to the right, Earth in
center, and four moons were shaded to represent the view from space at New, Quarter and Full
Moon positions. The Full Moon was labeled as position one, Third Quarter was position two,
new moon was position three and First Quarter listed as position four. Answer “A” was the
correct response stating spring tide would occur at position one and three. Students placed their
sticky notes and graphed their answers. Two students chose response “D”, which indicated
position one and four, Full and First Quarter respectively, was where spring tides occurred.
Seventeen sticky notes were placed under response “A”, which indicated spring tide occurred at
positions one and three (Full and New Moon). Maggie raised her and shared with the class how
she remembers the arrangement is, a spring tide makes a straight line with the Sun, Earth, and
Moon. For clarification, a class a discussion was held to review the position of spring and neap
tide. Neap tides occur when the Moon and Sun are perpendicular to the Earth. Sticky bars
provided immediate feedback on performance on the question and concept. This technique was
a quick and effective way to gauge student understanding of science schematics and language

used in questioning and provided a means for discourse in the classroom.
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The implementations of pre-post agree/disagree statements revealed student performance
understanding the concepts of the learning goal had increased. Student responses to the pre-post
agree/disagree format was positive. Abby, Jorge, and Jamal all agreed the exit slips helped them
understand what was expected of them and after the content was presented, it was easy to realize
where their learning had changed. As the evaluator, I found this technique to be an easy way to
target a specific benchmark. The statements were deconstructed from the overarching standard
and benchmark taught during this study. Some students held fast to their original ideas, the use of
agree/disagree statements provided evidence that a majority of students had changes in their

ideas over the course of instruction.
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Figure 1: Agree/Disagree Data--Lunar Phases
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The final analysis of student performance was related to the pre/post-test data. A test
created by the district included an understanding of astronomy concepts as well as the standard
and benchmarks covered over the course of this action research. Several themes emerged after
analysis of pre/post performance regarding student attitude and demographics. Student
performance between the pre and post-test in all sub groups showed gains in learning, however,
in regards to race, white males made a higher gain that white females. Conversely, minority
(Hispanic and African-American) females made higher gains than their male counterparts. As a
whole, the class performance on the overall test increased, from 38.33% in the pre-test to 60.42%
in the post-test. Student performance on the standard and the benchmark taught during this
action research increased from pre-test scores. Less than 30% of the questions on the test related
to the standard and benchmark; in the post-test analysis of data, students increased to over 50%
of the questions correct on both the standard and benchmark. The use of formative assessment
techniques and data derived from student responses strengthened my instruction and had a
positive impact on student performance.

Table 1: T-Test Analysis of Pre/Post Test

Number of Questions | Mean Score Correlation Significance
Pre Overall 30 11.5
Post Overall 18.2 468 .050
Pre Standard 26 9.7
Post Standard 15.8 372 129
Pre Benchmark 9 23
Post Benchmark 4.4 -.004 987
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A t-test indicated a significant change in overall student performance and their
performance in the standard tested on the pre and post-test. The assessed data as it related to the
benchmark focused on during this study did not yield statistically significant results on the test.
A marginal means test was conducted to show variance among subgroups. This analysis took the
average performance of subgroups on the pre/post-test to show changes in performance among
subgroups. No statistical significance was shown between performance based on race, gender,
economic status, and past FCAT performance as it related to the pre-post-test. Of interest,
however, was how the pre-post test data related to gender, race, ESE students, and socio-
economic status. In the figures below the measured means results show time (1) the pre-test and
(2) the post-test. Figures 1-3 show, as it related to mean overall performance, standard
performance and benchmark performance on the pre/post-test, female student began at a lower
overall performance level than their male counterparts but made higher gains in knowledge on
the post-test performing at an equal level to their male counterparts. Relating to the standard and
benchmark taught (Figures 5-6) female students once again started at a lower performance level
and outperformed their male counterparts. The average performance of students, as it related to
race, revealed all students made gains in knowledge; however, African-American students
consistently performed below their Hispanic and Caucasian counterparts. Two students
performed worse on the post-test than pre-test, one an African-American male and the other an
African-American female. During a post-test conference it was clear that the male was affected
by problems at home and conveyed his mind was not on the test. The female was having social
issues at school and also conveyed she just wanted to finish the test and guessed instead of

reading the questions. This may partially account for the lower performance; however, a larger
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population size may produce more conclusive results. The ESE subgroup analyzed using the
estimated marginal means (Figures 10-12) indicated students within the ESE subgroup made
gains. The gains made were lower in both overall performance and performance on the standard.
As it related to the benchmark, ESE students outperformed, on average, their non-ESE
counterparts. This is of interest to the research and how formative assessment impacted this
group of students. The use of the chosen formative assessment techniques closed gaps in
knowledge and led to the development of conceptual knowledge within this subgroup. The final
subgroup, socio-economic status (Figures 13-15), indicated these student on average performed
at a lower level on the overall, standard, and benchmark when compared to their peers.

However, on average, student in this subgroup did show a gain in performance score on the post-
test.

The gain in performance scores indicated that my use of formative assessment techniques
clarified the content by helping students understand what schematics in questions are asking and
gave students tangible evidence to explain phenomenon in the Sun-Earth-Moon system. Even
though the pre-post test data did not indicate a significant change in performance on the
benchmark, this could be attributed to the limited number of questions on the exam (nine) that
dealt with the benchmark, the standard included twenty-six points and showed statistically
significant gain, the overall performance was out of thirty points and was also statistically
significant for the overall group but not for sub-groups. The size of the sub-groups and possible

points available may have been factors in determining the statistical significance
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Figure 4: Pre/Post Overall Data based on Gender
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Figure 5: Pre/Post Standard data based on Gender
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Estimated Marginal Means of Benchmark
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Figure 6: Pre/Post Benchmark data based on Gender
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Figure 7: Pre/Post Overall Data based on Race
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Figure 8: Pre/Post Standard Data based on Race
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Figure 9: Pre/Post Benchmark Data based on Race
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Figure 10: Pre/Post Overall Data based on ESE and Non-ESE population

71



Estimated Marginal Means of Standard

. ESE

= No dizabhility
— SLD OHI

14

125

Estimated Marginal Means

10

g

Time
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Figure 12: Pre/Post Benchmark Data based on ESE and Non-ESE population
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Figure 13: Pre/Post Overall Data based on Socio-Economic Status
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Figure 14: Pre/Post Standard Data based on Socio-Economic Status
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Figure 15: Pre/Post Benchmark Data based on Socio-Economic Status

In my final analysis of the research question: “How did the use formative assessment
affect student performance data in understanding the concepts of the Sun-Earth-Moon system?”
The use of formative assessment classroom techniques provided me and student with immediate
feedback of student understanding and performance. The observation of lab activities provided
valuable feedback for teacher instruction. Student understanding of the language used on

questions and schematics were paramount in students being able to perform well on assessment.
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The use of formative assessment techniques and activities in the classroom helped students
develop explanations for Sun-Earth-Moon phenomenon. However, writing in the content area
was brought to the forefront of teacher observations as a weakness among the research group.
Observations and themes in the analysis of this research question also were seen in the analysis
of discourse. I found the use of formative assessment techniques to not only improve student
performance but also made an easy transition to, if not in many cases, generated discourse
among the members of the classroom. The use of formative assessments not only impacted
student performance but a theme that emerged that influenced student performance was
classroom climate. As the use of formative assessments progressed throughout the study, the
climate of the classroom changed. Student involvement in activities and participation in
formative assessments grew as students noticed their responses and ideas were presented to the
class during instruction. As a teacher-observer, this was a change that was unexpected, yet

welcomed and important to classroom performance.

Research Question 2: “How did the use of learning scales as formative assessment
techniques impact student self-assessment of their knowledge of the Sun-Earth-Moon

system?

Seasons
A theme that emerged through analysis of the learning scale tracker was some students
evaluated at a lower scale score after instruction than before. The use of the learning goal and

scale tracker showed that at times, students assessed higher because they thought they knew the
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material but upon further self-assessment students realized their knowledge base was inadequate
to meet the targeted learning goal. For example, Joel had indicated he felt as if he knew less after
the labs and readings than he did to begin with. When asked about his assessment, he recognized
that before the lab he thought he could give a good explanation for seasons but now he realizes
there were a lot of terms and concepts he did not think about and was unsure if he really
understood. The use of the tracker and learning goal provided a means for the students to reflect
on their first thoughts and assess their learning. The student self-assessment indicated that they
may not fully understand the vocabulary or how to adequately explain the cause of the season in
a scientific way.

ESOL and ESE students struggled with organizing their thoughts and completing the self-
assessment without guidance. After noticing this trend, multiple sources of self-assessment were
used to ensure that students were relating the material learned in class back to the learning goal.
Just assessing before and after instruction was not enough. Self-assessment was needed
throughout instruction. After self-assessment on this topic, I changed the way in which I elicited
the information from the student. Instead of having the self-assessment only being in their
folder, I also included it on exit slips and agree/disagree statements before introducing a lesson.
Another technique, the use of traffic cups allowed students to assess their understanding during
labs and on teacher-created tests. The traffic cups in some cases led to a lack of student focus and
undesired behaviors, because they played with the cups instead of using them as an instructional
tool. A variety of techniques were implemented to allow self-assessment to occur daily, such as
thumb-up or down, the use of color coded stickers to post on a “parking lot” as students left the

classroom to indicated their scale score. These techniques gave a day-by-day view of student
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self-assessment and the data provided used to reinforce and target concepts to be re-taught when
students showed they were on target.

Student reflections (APPENDIX: T-W), also showed they were beginning to acquire new
vocabulary terms. Jamal wrote in his formative assessment folder, after the sticky-bar question,
“Vernal Equinox is spring”. Eva also added, “A solstice is (when) we are tilted away or toward
the sun. The equinox is when day and night are equal; they are caused by the tilt.” This showed
the student may still have some misconceptions about the tilt of Earth changing; however, she
recognized the terminology used for the seasons. Later she went on to write, “the tilt causes the
seasons because it affects the temperature and the angle the sun is shining on the Earth.” The use
of the learning scales and providing students with an opportunity to identify when their ideas
changed helped them construct better explanations for the Sun-Earth-Moon system. Blaine
provided an explanation on the back of his “Summer Talk” probe to adjust his explanation. He
wrote, “Tilt. Summer is when the sun is shining directly at a certain part of the globe” he also
included an illustration to indicate direct light hitting Earth. Blaine is a student with a specific
learning disability and struggles to explain his ideas verbally and in writing but his response
showed a better understanding of how to explain the reason for a season.

The results of self-assessment showed an upward movement in student-evaluated scores
toward the learning goal, as shown in the figure below. A majority of students initially indicated
they were at a level one or two and by the post-analysis students had moved from the lower
assessment scores toward the target level of three. One theme that emerged was some students
did not assess their learning with fidelity. Meaning, some students stated they started at a four

and ended at a four, even though their performance on lab activities, classroom assignments and
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discourse in class did not demonstrate a full mastery of the content taught. The accuracy with
which they assessed themselves on the learning goal was not, for some students, a true
representation of their understanding and performance toward the learning goal. Another trend
emerged in regards to the after instruction assessment, was that students knew the target was a
three, and the majority of the learning scale trackers indicated they perceived themselves to be a
three. Upon analysis of self-assessment along with performance data and observations of student
discourse, I think some students were not actually reflecting on the learning goal and where they
were in relationship to it, they simply chose a three because that was where they were expected
to be. Among ESE students, however, a theme emerged that they used the tracker to express that
they were not fully understanding the concepts. This was valuable to me and the co-teacher
because it made targeting student for remediation much easier. Furthermore, these students were
given a voice and way to ask for help without admitting to the entire class they did not

understand.
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Figure 16: Student Self-Assessment Data--Seasons

Moonlight

The use of the probes also provided an avenue for students to self-assess. Some students
chose to write beside their original response to indicate they assessed their original ideas and
how it may have changed. Darrell, on the probe “Moonlight”, wrote below his explanation that
he was wrong. After participating in discourse, he realized his justification was not factual. He
did not explain why he was wrong, but noted that his original idea had changed. Other students
chose to write their responses in their formative assessment folders. A caveat to this practice
would be to provide more space for students to elaborate. Amy wrote in her folder, “I learned
how the moon phases are caused and I learned it when we did our experiment about moon
phases.” The student successfully reflected upon when her learning occurred during the lab

where the students had to model the lunar phases using manipulatives. This feedback also gave
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indication that inquiry-activities and experiences impacted student understanding. Maggie also
wrote, “I learned that when people live on different sides (of Earth) from the Moon. The moon
will always stay the same.” This was written after the probe “Gazing at the Moon” was
administered and discussed amongst the class. Students were beginning to use and recognize
that discourse from the probes and formative assessment techniques used in class, accompanied
by the lab activities used in class were scaffolding their learning and fostering the development
knowledge about the Sun-Earth-Moon system. The figure below shows movement in student
assessment where a majority of students assessed initially as a one on the learning goal and in the

post-analysis student moved more toward the target level three.
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Figure 17: Student Self-Assessment Data--Lunar Phases
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Tides

The learning goal and scale being placed on the exit slip also had unexpected results.
Students were given another opportunity to share with me questions they may have. One student,
Jorge, wrote a question, “What are tides?”” on his exit slip. This was not the intended use of the
exit slip, but a welcome one. When given the opportunity to assess their learning I found
students divulged more information related to their misconceptions and gaps in knowledge which
in turn, made it easier for me to develop lessons and focus on content that students had gaps in
their knowledge of content related to the Sun-Earth-Moon system.

In addition to completing the exit slip, students also indicated their learning goal score on
the exit slip. The learning goal target, three, indicated students could identify the position of the
moon during spring and neap tide, define spring and neap tide, and explain why tides occur. Ten
students indicated they were at level three. Four students expressed they were at a level two,
which meant the student could identify the position of the moon during spring and neap tide. One
student indicated he could use his knowledge of tides and apply it to a real world situation such
as reading a tide chart for nautical activities. Students also graphed their learning goal scores in
their assessment folders and learning scale tracking chart. Multiple opportunities for students to
self-assess gave a better insight to where the students were in their learning and where gaps still
existed. The results of this assessment, in the figure below, indicated many students started off
with little knowledge of how the Sun-Earth-Moon system impacts tides. The post-analysis of
student self-assessment showed students had closed gaps in knowledge and felt they were closer

to the target level after engaging in lab activities and discourse about tidal phenomenon.
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Figure 18: Student Self-Assessment Data--Tides

Eclipses

In their self-assessment, one of the two students who had rated themselves as a level four
adjusted and changed to a level three. One student assessed as a level one, when asked why he
(Jamal) rated himself as a level one he responded “I forgot where it (Sun, Earth, Moon) is (in
eclipses).” There were four that self-assessed as a level two. One was surprising to me, Avery.
When I asked Avery why he went from a three to a two, he stated, “I though he knew too much
to begin with, I think I understand it but I was not sure of some of the vocabulary like penumbra
and umbra.” Six students evaluated at a level three, while three students assessed as a level four.
Teachers using learning goals and students self-assessing on learning goals provided feedback
for the teacher and allows for self-reflection to occur among students. The figure below shows

an equal number of students in the pre-analysis of the learning goal scored at a level one or two.
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The post-analysis showed only one student still assessed at a score level of one while the
students at level two decreased and student made an upward movement toward the target level of

a three on the learning goal.
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Figure 19: Student Self-Assessment Data--Eclipses

Student interview

In response to the question, “Did exit slips help you evaluate your learning?” Amy
responded, “The exit slips helped my learning because it helped me realize what I really learned
and helped me to see where I really was on the learning scale.” Jamal added to Amy’s response
by explaining his thoughts on exit slips and learning scales. Jamal said, “The scales, exit slips
and activities were just extra paper. I did not always pay attention to them but I know they tell
me what I need to know.” I responded, “What did you not like about them or why did you not

always pay attention?” He stated, “I know the learning scales and agree-disagree statements told
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me what I need to know but they did take time away from what we could be learning and
sometimes I thought it was just a waste of time.” Amy reminded him and the group, “But the
learning scales shows where you thought you were until you learned it then it let you know
where you are now in your learning.”

Jamey also responded to the use of learning scales and added, “Learning scales and self-
assessment kind of did not help me because it was just a way for the teacher to keep track of
where you are.” Amy disagreed by stating, “This was the only class where we reviewed the
learning goal before and after the lesson. I liked being able to see where I was before and what I
now know. I know it is important for teachers to know where we are but I felt like I could track
my learning and I was able to see what was important and if my ideas changed. But I do wish we
could have spent more time on the star information because I liked learning about that better than
about the Moon, tides and eclipses.” One theme that emerge from student interviews on their
perception of learning goals and tracking their learning scale score was student who did not
value the process often evaluated high and did not change their scale score from before the
lesson and after the lesson. However, students who valued self-assessment were in many cases
able to move more than one scale score, in most cases moving from a one to a three.

Self-assessment allows students to think about their learning. When students think about
their learning and experiences that led to learning and sharing their ideas with each other and the
teacher; teacher instruction can be improved upon to facilitate a change in student ideas, improve
student science vocabulary and understanding, help foster better explanations for scientific

phenomenon, and make gains in student performance. Through the use of formative assessment,
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student experiences in the classroom, and students realizing they were learning student

involvement improved.

Research Question 3: “How did the implementation of formative assessment techniques

affect student discourse on the topic of the Sun-Earth-Moon system?”

Seasons

One recurring theme that emerged in both performance data and discourse was student
gaps in knowledge, especially when understanding science schematics, graphs and diagrams.
Formative assessment classroom techniques, talk-friendly probes, sticky bars and exit slips were
used to elicit student responses, student discourse during the use of probes and lab activities, and
teacher observations were used to triangulate data. Students engaged in discourse and were able
to share their knowledge with the class to help struggling learners understand science-related
diagrams. One such instance was evident during the discussion of a sticky-bar response. Some
students did not possess the background vocabulary to differentiate between latitude and
longitude; they also were not accustomed to seeing a schematic of the Earth with the axis
illustrated. When the class looked at the question and diagram, a student remarked, “How do we
know if the latitude is north or south and what are the lines sticking out of the top?” Jamal
responded to the student saying, “the lines sticking out of the top are the poles and the latitude on
top 1s north, the one on bottom is south, and the one in the middle is the equator.” In the first
question, all but four students correctly identified the season as summer. The other four chose

winter. This provided feedback that students did not connect the tilt of the Earth with direct
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radiation from the Sun on the hemisphere that is experiencing summer. The second question
gave students four reasons to choose from to explain their thinking. Fourteen students correctly
identified (1) The Sun is directly overhead at 23.5 degrees North at this time and six students
responded (4) The Sun is directly overhead at 23.5 degrees South at this time.

When discussing the question, students again voiced confusion over the pole markers and
lines of latitude. In question six, four students thought (4) The sun is directly overhead at 23.5
degrees south at this time, it is winter in the Northern Hemisphere. Gary stated, “Because the
North Pole was pointed away it must be winter and winter starts December 21*.” Amy, who
chose (2) as her response-(the correct response) added, “But January is in the winter also, you
have to read the questions.” Four other students agreed with Amy; however, six disagreed and
chose (3) The Earth is at autumnal equinox, it is September and fall is starting, sun’s direct rays
hitting the equator. Maggie and Amy both raised their hands, and Maggie responded, “September
was not a choice and we have to decide what response best explains our thinking. If you read the
question closely you will know you can choose September and March makes the most sense
because direct sunlight is hitting the equator in the picture. Equinox means equal day and night.”
Blaine included, on a student reflection in his formative assessment folder, a schematic that
indicated the pole direction as being a reason for the change in seasons. Discourse on the
formative assessment technique allowed students to share their ideas and explanations of the
cause of seasons. Student involvement allowed students to use student-friendly language to

explain how to understand questions and science illustrations.
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Moonlight

The use of probes as a formative assessment technique exposed student misconceptions
and deficiencies in written explanations. The second probe used to elicit student ideas about the
Sun-Earth-Moon system and the cause of lunar phases was “Going Through a Phase”. The
scenario in this probe took place in a classroom where students gave their ideas about what
causes the different phases of the Moon. The eight individual responses in the probe provided
the action research students with explanations for a phase changes and they had to provide
justification for why they chose the explanation. Three students provided no response for this
probe. Only two students chose the correct response, “Parts of the Moon reflect light depending
on the position of the Earth in relation to the Sun and Moon” (Keeley, 2005, p.185). Of the two
correct responses, Raul provided no explanation; however, Amy wrote, “Because the phases of
(the) moon happen when (the) position of Earth changes also where the Sun reaches the Moon.”
This formative probe was helpful in understanding student thinking. Seven students agreed with
the statement, “The phases of the Moon change according to the season of the year” (Keeley,
2005, p.185). Abby started the conversation by reading her response, “The moon does change in
the seasons”. The class was asked whether anyone agreed or disagreed with Abby. Paul stated
he agreed with Abby because “the Earth’s tilt causes seasons so the seasons might cause the
moon (phases).” Jamal added “In different seasons the moon looks different.” Raul objected to
Paul, his table partner, and Jamal’s responses and said, “If that were true we would only have a
full moon each season and I know we see more than four full moons every year.” Jessica was

then prompted to read her response. She agreed with her table partner Paul, and she agreed with
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Jared’s response (a student response written in the probe) because, “the phases of the moon
change according to the season of the year because the phases change through the season and
year.” The class was asked again whether anyone has any other ideas that disagree or do not
support Jared or Sophia’s response. Four students indicated they agreed with the response on the
probe given by Drew which stated, “Earth casts a shadow that causes a monthly pattern in how
much of the moon we can see from Earth” (Keeley, 2005, p.185). Jamey shared that the Sun
casts a shadow on the Earth. To that response, Dora said she thought “because it depends on the
way the Earth casts a shadow on the moon and it shows either the whole moon or part of it.”
Maggie and Eva agreed it was because the Earth’s shadow is on the moon. Eva then paused and
added, “Or it could be Oofra’s response,” which read, “The shadow of the Sun blocks part of the
Moon each night causing a pattern of different moon phases.” Maggie quickly added, “But the
Sun doesn’t have a shadow it is a ball of burning gas with light coming out, it doesn’t have a
dark side.” Eva then said, “Oh yeah that’s right, it (the Sun) is a star.” In the assessment folders,
three students provided no response and one student rewrote the response but agreed with the
statement, “The moon grows bigger each day until full then gets smaller and repeats this cycle
every month.” (Keeley, 2005,p. 185). The analysis of student responses reaffirmed that students
need more opportunities to develop and write explanations. Eva’s idea that the Sun had a dark
side may have been reinforced by using a flashlight to simulate the Sun’s light, in future lab
activities the flashlight was replaced by a lamp, when before (during the instruction of seasons) a
flashlight was used and may have influenced the student’s initial response of thinking the Sun
had a dark side. Student responses allowed me to evaluate and improve the manipulatives used

during labs and throughout classroom interactions, so misconceptions are not perpetuated.
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Student discourse appeared to have improved and frequency of probes used increased. Written
responses were still not adequate for grade-level expectations but improvements in use of science

language and gaps in knowledge were diminishing.

Tides

Discourse provided an appropriate platform to introduce new vocabulary and concepts.
During and after lab activities time was allowed for and participating in discourser were
encouraged, and brought student misconceptions and difficulty in understanding phenomenon of
the Sun-Earth-Moon system to the forefront of class discussion. By listening to student
explanations and analysis of lab data, new vocabulary and concepts was presented to explain
tidal phenomenon. During a lab, which required students to graph tides at various locations
during each lunar phase, Brody indicated the tide is the highest at his location during the full
moon phases. Jamal, who had a different location, agreed and said, “Mine is too.” I then asked
the students to explain why they thought so, and after wait time was given no responses surfaced.
As a class we continued to look at the data. Next, students took the last four dates and phases of
the high tide and were asked to identify where high tide is the highest. Abby indicated her
second highest high tide was during the new Moon phase. Gary and Joel, who had the same
location, indicated to the class new Moon phase was also their second highest. Amy addressed
the class and said, “So when the Sun, Earth, and Moon are in a straight line, our high tides are
highest.” At this point, I introduced the term spring tide. The classroom review and discourse
continued to identify when high tide was the lowest. Blaine indicated out of his first and last four

phases and dates the moon was at first and third quarter when high tides were the lowest. He
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also added, that, when graphing his low tides, he noticed during these two phases low tides are at
their highest. The term neap tide was introduced to the students. Maggie restated the data by
adding, “When there are ninety degrees between the Moon and the Earth, the high tides are
lowest and low tides are highest.” To reinforce this concept to ESE students and struggling
learners, I showed a visual with my hand to indicate during spring tide there is the most change
in tides, and during neap tide there is the least amount of change. Brody recognized the pattern
on his graph. Discourse allowed students to think-aloud to develop a more accurate explanation
of conceptual understanding of tides. This opportunity allowed for students to create challenging
graphs that illustrated science content and students were able to interpret the graph and identify

correlations in the lunar phase and the tidal height.

Eclipse

Discourse also allowed students to take ownership of their learning. Having
manipulatives available during discourse allowed students to model their thinking and provided
visual representations of Sun-Earth-Moon system phenomenon to other students. In probing
student ideas for eclipses, we first completed the lunar eclipse probe. The class read the probe
together and students took turns reading each choice. Students, then, individually chose which
choice was the best idea to explain why lunar eclipses occur and explain their thinking about
lunar eclipses. After students were given time to write and reflect, discourse was held to find out
what ideas students agreed with and why. In the discussion five ideas were highlighted by the
students as being possible explanations for why lunar eclipses occur. Two ideas garnered a

majority of student responses: “The Moon passes between the Sun and the Earth” and “The Earth
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passes between the Sun and the Moon.” Other ideas students supported included, “A nearby
planet passes between the Earth and the Moon”, “The Sun passes between the Earth and the
Moon”, and “The Moon turns to the dark side and then back to the light side.”

Dora began the discussion and stated she agreed with the idea that the Earth passed
between the Sun and the Moon. She stated, “The sun shines on Earth and Earth’s shadow is on
the Moon.” Avery said, “Yep, that what I said too. She is right.” Even though the two students
were correct, I pressed the class for other ideas with which they agreed. Raul agreed with the
idea that the Moon passes between the Sun and the Earth. He stated, “When the Earth, Moon,
and Sun are perfectly aligned, the Sun’s color will reflect on the Moon.” Avery interjected, “That
don’t make sense. The Sun reflects light that shines on the Moon. I don’t think the color of the
Sun has anything to do with the eclipse, I think it is just a shadow.” Amy raised her hand to say
she also agreed with Raul, “When the moon passes between the Sun and Earth, the sunlight’s
reflection causes it to change colors. When it’s completely in front of the Sun, it darkens. Then it
goes back to normal.” As the class drew to a close, Avery asked, “What’s the right answer?” 1
explained we would discuss it tomorrow, but if before class was over, he and two other students
would like to take the flashlight, model Sun, Moon, and Earth and create a model to do so.
Avery, Jamal, and Maggie volunteered. Jamal took the light, Maggie the Earth and Avery the
Moon. Some of their peers gathered around as I dimmed the lights the students began to model
trying the Moon going in front of the Earth and Sun, then with the Moon going behind the Earth.
As the Moon moved in front of the Earth, between the Earth and Sun, Avery claimed, “I knew it,
I was right. See the Moon is in New Moon here it is casting a shadow on the Earth so on that

spot (pointing to the shadow cast on the Earth) on Earth could not see the Sun.” He continued

93



showing his classmates by saying, “Now watch.” Avery placed the Moon behind the Earth.
Maggie corrected Jamal asking him to hold the light still. Avery explained to Maggie and his
classmates, “When the Moon goes behind the Earth it is Full Moon but if it goes in the shadow it
will be blocked out, so that is the eclipse.”

Discourse also lead student to self-reflect and change their misconceptions. The day
following the lunar eclipse formative probe, students were asked to share their ideas and how
they changed after discussing the probe. Maggie was the first to reply, “I think my ideas
changed. Yesterday, I thought “B”, (The Sun passes between the Earth and the Moon) because
the orange(ish) color that the moon looks like when it (the Sun) passes it (the Moon). Now [
think it is the other way around, when all are aligned, the Earth’s shadow covers the moon.”
Jorge responded, “If the Sun passed between the Earth and moon, then that means the Sun orbits
inside the planets (solar system). The Sun is in the center because it is the biggest thing in the
solar system. If the Sun orbited it means that the other planets would have an orbit that would
change.” I pressed him to explain. He said, “I mean don’t all the planets travel in the same orbit.”
I responded, “Yes.” He continued, “Then if the Sun orbited so it would come between the Earth
and the Moon it would cause our orbit to change because the position of the Sun changed.” |
shared with the students the response of one of their classmates. One student, Susan, had agreed
with the idea that a nearby planet passed in between the Earth and Moon. I did not share the
identity of the student but did share her idea. Avery blurted out, “That’s just stupid.” After
redirection and explaining when disagreeing with an idea be respectful and give reasons why you
disagree, Avery continued. He stated, “I know that the planets all have a different orbit around

the Sun; it is the planet’s year. There is not a planet that crosses our path only asteroids, meteors
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and comets. That is why I thought it was a dumb idea.” In order for discourse to occur the
teacher must provide a safe learning environment where all learners’ ideas are respected and
responses are treated equal until disproven. Redirection and modeling of how to participate in
discourse was of primary importance so more students felt free to share their ideas without
judgment and the teacher gained a more complete picture of the differences in thinking among
classroom participants.

The formative assessment probes, if related can be administered in sequential order and
can reveal if students are able to apply previously discussed and similar concepts to different
situations. Students were then administered the probe “Solar Eclipse”. After reading the probes
and writing their responses students were asked to share their ideas. During discourse only one
idea was discussed. A majority of the students agreed with the idea “The Moon’s shadow falls on
the Earth.” Amy shared her response and stated, “It is when the Moon’s shadow falls on the
Earth. I saw this yesterday when they (Jamal, Maggie and Avery) were working with the Moon,
Earth and lamp (Sun) that when the Moon passes between the Earth the Moon blocks out the Sun
for a few minutes.” Blaine stated, “I agree with her, the Sun gets blocked out when the moon
passes through the sun and Earth.” I then asked, “Why doesn’t this occur all the time? Eclipses
are rare.” Raul responded, “The Moon has to be perfectly aligned with the Earth and the Sun
then for the (Moon’s) shadow to cover it (the Earth).” This response is evidence that discourse
on the previous topic, lunar eclipses, impacted student understanding related phenomenon of the
Sun-Earth-Moon system, solar eclipses. Students did have confusion over the exact alignment of
the Sun-Earth-Moon system during this phenomenon and found it difficult to illustrate by

drawing but illustrated more easily using manipulatives.
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Student interviews

The two-tiered format of these probes provided students with real-world scenarios and
engaged the learner on a level that developmentally appropriate. Overall students seemed to
enjoy the probes and were not only an effective way for me to elicit ideas, but also made the
content more applicable to the student. Student responses indicated students prefer a more hands-
on approach and having manipulatives at their disposal allows them to show their ideas and helps
them develop explanations for how the Sun-Earth-Moon system works. With respect to the
probes, Jamal stated, “The probes were good because I could see an example on paper and the
ideas were written from a kids’ point of view. It was written so I could understand what the
probe was asking and it made the question more real to me.” Blaine added in respect to the
probes, “I like when the learning was visual and some of the probes had pictures which helped
me understand what the question was asking; maybe if we do more activities that are visual,
maybe more imagining would mean more interaction and learning.” Abby added, “When we
worked on the probes and then discussed the probes I could see my ideas were changing. There
were some things I left out of my answers, and as we did more probes I learned to write all my
thoughts down.”

Discourse was improved as more probes were administered and students were able to
practice discourse. Discourse on not only the probes, but in response to formative assessment
techniques provided feedback for teacher instruction and provided students an opportunity to
develop and change explanations. Formative assessment techniques can be used to generate and

enhance discourse and expose gaps in knowledge and misconceptions. The use of discourse also
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allowed student to reflect on their own ideas and adjust those ideas based on discussions in the
classroom. Teacher observations and student responses indicated the use of discourse was in
formative for both the teacher and the student. As an educator, I was able to adjust my
instruction and focus on specific vocabulary and ideas relating the Sun-Earth-Moon system.
Students were able to share their ideas and hear opposing ideas and explanations to change their
thinking.

In this chapter data was presented to answer the research questions. Themes that
emerged were gleaned from the data analysis presented in this chapter. In chapter five I
recapped studies that pertained to formative assessment and my action research. Limitations of
this study were discussed and implications for future studies were explored. Chapter five

summarizes the findings of this study.
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CHAPTER FIVE: CONCLUSION

Introduction

In this chapter, I summarized chapters 1-4 of this action research. The research questions
and purpose of the study were restated, and the literature review was summarized. The findings
and interpretation of the study were discussed. Finally, I concluded with future implications for
research on the topic.

The purpose of this study was to examine the impact of formative assessment on student
performance data, formative assessments impact on student self-assessment, and effects the use
of formative assessment has on discourse. The research questions were framed as follows:

1. “How did the use formative assessment affect student performance data in

understanding the concepts of the Sun-Earth-Moon system?”

2. “How did the use of learning scales as formative techniques impact student self-

assessment of their knowledge of the Sun-Earth-Moon system?”

3. “How did the implementation of formative assessment techniques affect student

discourse on the topic of the Sun-Earth-Moon system?”

Prior studies have claimed teacher improvement of formative assessment produces
benefits on mandatory assessments (Wiliam, Lee, Harris & Black, 2004). Formative assessment
provides a source of data to inform educational decisions that guide instruction day-to-day and
minute-by-minute (Leahy, Lyon, Thompson, & Wiliam, 2005). First, an interactive model for
formative assessment in science was defined and discussed, which allows for the teacher to
expose misconceptions if the teacher is familiar with a variety of assessment strategies in order

to elicit student responses (Bell & Cowie, 1999). In regards to the second research question
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students reflected on their own self-assessed learning and received peer feedback (peer-
assessment), as well as reacted to their and others’ evaluations of their learning. Formative
assessment is not only made up of diagnostic assessments, but also peer and self-assessment
(Chin & Teou, 2009). Finally, a fundamental characteristic of effective formative assessment
was implemented to promote conversations and experiences that allowed teachers to listen to
inquiry (Duschl, 2003). Discussion can be used to provide assessment opportunities if the time
is taken to look and listen carefully to the talk and actions through which students develop and
display their understanding. Discourse between students and teachers should be thoughtful,
reflective, and focused in order to explore understanding, and enacted in a way that gives
students an opportunity to think and express their ideas (Black & Wiliam, 1998). Research
shows that the role and nature of discourse affects the quality of students’ movement within
discourse from formative feedback to assessment activities (Anderson et al., 2007). Research has
shown formative assessment that is assessment for learning, has shown gains in student
achievement, especially among low-achieving students (Black & Wiliam, 1998).

The data revealed several themes and implications for this particular population of
students. In response to the first research question, how did the use of formative assessment
affect student performance data in understanding the concepts of the Sun-Earth-Moon system,
students saw an increase in their learning through the use of formative assessments. The
pre/post-test data showed a positive impact in student performance data. Statistically significant
gains were found as it related to the overall performance of all concepts taught and the
overarching standard. However, performance on the standard improved but no statistical

significance was found. One theme that emerged was ESE students’ performance on pre/post-test
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showed a higher gain in the post-test than their non-ESE counterparts. One theme, for this action
research as it related to gender, that minority females performed better on the post-test than their
male counterparts. However, white males performed at a higher level than their female
counterparts. The results were not statistically significant but among this group of students this
emergent theme was of interest. The average performance of the sub-groups when compared to
each other showed that my practice of using formative assessment impacted the students with the
greatest gaps in knowledge and they were able to close that gap.

Formative assessment techniques were easily used and effective for this population,
when taking into consideration the time frame of the study and the varying levels of
exceptionality in the classroom. One technique used, the Agree-Disagree statement exit slip,
showed a student change in ideas over time. A formative assessment technique, sticky bars, was
viewed as a review by some students and the teacher’s observation showed had high frequent
participation. This formative assessment technique gave immediate feedback to the teacher and
allowed for direct instruction on the distracters chosen by and misconceptions held by the
classroom participants. The impacts of techniques such as agree/disagree statements,
whiteboards, and sticky bars provided immediate feedback. Other techniques, such as
collaborative clued responses and traffic cups, produced unexpected results but were still
valuable to the instructional practices of the practitioner. For example, the collaborative clued
responses brought to the forefront weaknesses in the students’ ability to peer-assess and develop
conceptually accurate explanations of phenomenon within the Sun-Earth-Moon system. Traffic
cups became a distraction to some students, however, the limited use of the traffic cups on

teacher-created tests and assignments provided a way for students to signal to the teacher when
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help or clarification was needed. Some students showed difficulty correcting incorrect responses
of their peers, which exposed student weaknesses in developing explanations and peer
assessment. The collaborative clued responses technique is one that is not always a ready-use
technique, unlike the aforementioned agree/disagree, whiteboards, and sticky bars. Students need
practice with this technique, which also requires thoughtful and strategic selection of the
responses for students to analyze is important. Traffic cups, however, became an issue of focus
for some students because students stacked or played the cups during instructional time instead
of using them for their intended purpose. Techniques such as the whiteboards, annotated
drawings, and sticky bars made student learning and student thinking visible not only to the
educator and the student, but also to the student’s peers as well. These techniques can serve as a
starting point for discourse in the science classroom.

The second research question, how did the use of learning scales as formative techniques
impact student self-assessment of their knowledge of the Sun-Earth-Moon system, also revealed
interconnected themes that applied to performance and discourse. The probes, used for discourse,
also served as a way for students to reflect on their learning before self-assessing after
instruction. Students were able to identify and correct gaps in knowledge as it related to the Sun-
Earth-Moon system.

The traffic cups were best used in this research on a sparing basis, such as during tests.
During a test on the Sun-Earth-Moon system a student used a traffic cup to indicate she did not
understand what the question on the test was asking. [ was able to clarify the question to the
students, which read, “When the side of the moon facing away from the Earth is fully reflecting

sunlight, the moon is in the full moon phase.” This question was a true/false question and the
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student still did not understand after clarification. Then I asked the student whether the question
could be drawn. I drew the sun for her and she drew where the Moon would be located if it were
fully reflecting sunlight. The student then indicated she could now figure out the answer. Student
feedback on the use of formative assessment techniques varied, but generally speaking most
students could see a value in self-assessing their work. Of those who self-assessed before and
after instruction occurred valued knowing what was expected of them and were able to meet the
expected goal. As a teacher observer, the learning scales provided student feedback that allowed
me to recognize individual students who assessed low and to provide them with guidance and
instruction to impact their learning experience. The use of learning goals and learning scales, as a
practitioner, made the goal of learner clearer and appeared to impact student performance
positively. One student stated, “In other classes we just assess when an administrator is there or
we just assess in the beginning. But I like [assessing] at the beginning and the end because I can
think about if I really learned the goal.” As facilitator the learning goals made instruction much
easier and the student feedback allowed me to target misconceptions and help students develop
explanations for Sun-Earth-Moon phenomenon. The use of learning goals and framing of
essential questions gave a clearer focus to the concepts taught in the classroom.

The final research question, how did the implementation of formative assessment
techniques affect student discourse in the topic of the Sun-Earth-Moon system, revealed student
participation increased with more frequent use of the probes? Not all students participated in
discourse in the classroom which limited teacher insight to all students’ ideas and conceptual
understanding. The use of formative assessment probes and explaining their thinking was a skill

that students improved upon over time. In the beginning students were more reluctant to explain
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their ideas. Some improvement was observed over time in student explanations and ability to
explain and demonstrate conceptual learning of science topics. The use of the probes allowed
student weaknesses in writing, developing explanations, and acquiring new science-related
vocabulary to more accurately explain their thinking, exposed misconceptions. As more students
felt comfortable to discuss their ideas they were more excited to argue their point and even
demonstrate their thinking and explain why they disagreed with the ideas of others. For students
that did not participate in discourse, the responses on the talk-friendly probes provided insight
into their thinking and potential misconceptions. The use of inquiry-based activities allowed
students to have experiences upon which to develop their explanations. When lab activities are
integrated into the curriculum in a reflective way, students can be helped to develop a deeper
understanding of content, as well as nature of science, and science reasoning skills (Singer,
Hilton, and Schweingruber, 2006). Through this study I realized the value of these activities by
the responses they elicited, the experiences they created, the questions students asked based on
participating in the activities, and the implications they had for further discourse in the
classroom. Discourse also, more than I realized, is an activity of listening where the teacher
notices and recognizes student ideas and is able to respond to learners misconceptions or connect

ideas to the learning goal of instruction.

Limitations
This study had a few limitations based on the analysis of results. Student attrition was to
be expected; however, the degree of transience among this school’s population was higher than |

had previously expected or experienced. Before the study twenty-three students were in the
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classroom, and over the duration of the study, their number decreased by five. Another limitation
to the study was the co-teacher environment. Many participants in the study were students with
learning disabilities. A new support-facilitator was introduced to the students during the second
week of the study. This was the teacher’s first experience working in a school setting and this
was her first year in a new career field. Her limited experience working with ESE students may
have impacted the quality and fidelity with which accommodations were provided to the
students. The support-facilitator was a first-year teacher and was scheduled to service students
one day a week in science. The limited amount of time the co-teacher was in the classroom
impacted the familiarity the students had with the teacher and in some cases students showed
reluctance to work with the support-facilitator. The time frame of the study was a limitation to
the effectiveness of a variety of formative assessment techniques and student familiarity with the
expectations of a variety of techniques. Furthermore, the two-week winter break may have
attributed to student loss of knowledge after the break, which may have impacted performance
data on the post-test. The varying abilities of student writing also limited the quality of student
responses received. It is also unclear to what degree student perceptions of science or attitudes

toward learning affected student performance.

Implications

In future research I would be interested in targeting more writing-based formative
assessment to strengthen scientific writing. [ would also be interested in student motivation as it
pertains to using technology to administer formative assessment. Some students were reluctant

to write their ideas, be it due to learning disabilities or student perceptions of writing. In a school
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setting where technology is provided to each learner, I would be interested in the impact of use
of formative assessments for student electronic collaboration. I noticed a change in the climate
of the classroom, future studies should include a means to test classroom culture and the climate
of the classroom to test for improvements in group dynamics when formative assessment
techniques are involved. It would also be important to follow a group of teachers and students
using a variety of assessment techniques to evaluate student performance, attitudes, and self-
assessment as students become more accustomed to the use of formative assessments. Since a
number of participants were classified as ESE, it would be important for educators to conduct
further studies using a variety formative assessment techniques to best reach each type of learner.
It is also of importance to the education community to target formative assessment techniques for
their effectiveness for various sub-groups of students. Studies with more students would provide
practitioners and researchers with more statistically significant results on which to base their
decisions as to which techniques may work best with the types of students that are in the
classroom. More qualitative studies on the impact of formative assessment has the potential to

add to a growing body of best practices for educators.

Final Summary

This action research explored the use of formative assessment techniques and the impact
on student performance, discourse and self-assessment. The research says formative assessment
provides valuable feedback for teachers and use of discourse can become a platform for
revealing student misconceptions as well as a means to provide feedback to students during the

learning process. An essential part of formative assessment is that the students are engaged in
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self- and peer-assessment. The way techniques and instruction are approached, such as inquiry-
based activities, assessment probes, self-assessment, and learning goals can impact student
performance and mastery of learning goals and objectives. Formative assessment techniques
allow students to think about their learning and understanding. Formative assessment can also
convey learning expectations to students. Techniques such as probes, discourse, and self-
assessment not only identify misconceptions but help shape the learning environment.

Not all students in this study changed their misconceptions about the Sun-Earth-Moon
system, but gaps in knowledge were narrowed. The use of formative assessment techniques had a
positive impact on student pre/post-test results. The use of techniques such as talk-friendly
probes, sticky bars, and agree/disagree statements provided student feedback to guide instruction.
Teacher ability to elicit responses, notice and recognize student learning and participatory
feedback, then use that feedback to direct instruction is essential in developing and utilizing
formative assessment techniques to impact student learning. Formative assessment techniques
provided a means to identified student misconceptions and gaps in knowledge as well as
highlighted student weaknesses in constructing explanations for phenomenon within the Sun-
Earth-Moon system. Written feedback among students and ability to formulate explanations
improved for some students; however, they needed more practice to develop these skills.
Students were able to convey through feedback difficulty understanding questions and diagrams
presented during sticky-bars and agree/disagree statement feedback. These techniques resulted in
classroom discourse and some students identified discourse and techniques used to impact their
self-assessment toward the learning goal positively. Techniques used in this action research help

to facilitate discourse and allowed students to practice and develop discourse skills in the content
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area. Not all students participated in discourse, but as the class gained more practice with the
skill more students participated. Discourse allowed students to discuss their misconceptions and
ideas and provided an opportunity to close gaps in knowledge and change conceptual
understanding within the Sun-Earth Moon system. The use of learning goals before and after
activities helped students understand what was expected of them and self-monitoring of where a
student perceived himself to be allowed them to identify changes in their thinking. Furthermore,
student feedback from formative assessment techniques during discourse and teacher observation
during labs and student self-assessment data provided clues as to which students required more
individualized instruction and what concepts needed more attention. In this study, albeit a small
population, ESE students showed gains in performance data, responded well to talk-friendly
probes, participated in classroom discourse, and showed improvement on their self-assessment
data in both agree/disagree statements and on the learning tracker. A more robust body of
research regarding formative assessment techniques can better inform teachers as to which
techniques may work best for their classroom population. All techniques may not work with all
students but formative assessments are an effective means to inform educators, so instruction can

change student ideas and close gaps in knowledge.
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%%-. University of Ceniral Florida Institntional Review Board
st o Office of Ressarch & Commercislization
Central 17201 Research Parkway, Suite 501

Florida Orlando, Florida 31816-3246

Telephone: 407-§23-2001 or 407-B82-2176
www.resaarch ucf edun/compliance/frb ml

Approval of Exempt Human Research

From: UCF Imstitutional Review Board £1
FWADOOOI5], IRBOGDO112E

To: Chnten W. Andersom

Date: Amgmst 26, 2011

Dear Resesrcher:

On 8262011, the IRB spproved the following sctivity 25 homan participant resesrch that is exempt from
repulaton:
Type of Beview:  Exempt Determination
Project Title:  Probing Space: Exposing smdent idess in astronomy
Inmestizator:  Clinton W Anderson
I[FB Mumber- SBE-11-07780
Funding Agency
Grant Title:
Besearch I W/A

This determination applies only to the sctvities desoibed in the [RE sabmizsion snd does not spply should
amy changes be made. If changes are made mmd there are questions about whether these changes affect the
exmmpt status of the humsn research contact the TRB. you heve completed your Tessarch

plegze s g

0 fhat JRB re

In the condnct of this research you sre responsible to follow the requirements of the Iovestisstor Mammal
On behalf of Sophis Deiepielewski, Ph.D, L.C.5W., UCF IRE Chair, this letter is signed by:
Signanme applied by fosnne Muoraton on 08262011 09-3107 AM EDT

P

BB Coondinator

Page 1 of 1
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Submit this form and a copy — Your research proposal should
of your proposal to:

include:
prne RESEARCH REQUESTFORM 7 B8C 0 1 earch Prablem
« Instruments

RECEIV ED JUL 2 0 201 = Procedures and Proposed Data

Analysis

Requester's Name__Clinton Anderson Date__June 30, 2011

E-mail clinton_anderson@_ Phone_"
Addressﬁm Run m— i .___
es 3

Institutional Affiliation_University of Central Florida

Project Director or Advisor__Dr. Bobby Jeanpierre Phone_ 4078234930
Degree Sought: [C] Associate [ 1 Bachelor's B4 Master's [] Specialist
(check one) [] Doctorate [] Net Applicable

Project Title:_What affects does the implementation and practice of formative assesment have on student performance
in understanding astronomy concepts?

ESTIMATED INVOLVEMENT
AMOUNT OF TIME SPECIFY SCHOOLS BY NAME AND NUMBER

 PERSONNEL/CENTERS | NUMBER | havs HOURS,ETC.) | OF TEACHERS, ADMINISTRATORS, ETC.
Students . 25 Duration 1 9wks 15mins | (NPNENER-25 students

. each day- on going
Teachers . 1 i 60 days-on going Clinton Anderson--Science Teacher
Administrators 1 60 days Karen Furno--Principal
Schools/Centers 1
Others (specify)

Specify possible benefits to

students/school system:__Assessina student learning styles to determine most effective formative assessments, denti
relationship between formative sment and performance data, better inform instruction of educator,strengthen a
teacher leader's practice regarding formative assessment so best practices can be shared with others in related
professional learning communities

ASSURANCE

Using the proposed procedures and instrument, | hereby agree to conduct research in accordance with the policies of the
H Public Schools. Deviations from the approved procedures shall be cleared through the Senior Director of
ountability, Research, and Assessment. Report7and materials shall be supplied as specified.

Reguester's Signature / M’L. / m

Signature of the Senior Director far
Accountability, Research, and Assessmen

Approval Granted: ,Bi Yes 7 Date: ?{' /' f(
_é-?.d LM"Z

#
Vi
=

111




APPENDIX C: PERMISSION EMAIL TO USE KEELEY PROBES

112



Re: Permission to usc Formative Assessment Probes - Outlook Web Ac... —

= Office Outlook web Access  Type here to search This Folder (O] G2 AddressBook 3| Options & LegOff
| Mail L Reply. a,nepeymlm _,Forward M Move X Delete -._o'-Junk Cose > v I3
4] Calendar Re: Permission to use Formative Assessment Probes
&_| Contacts pagekeeley@gmail.com [pagekeeley@gmail.com] on behalf of Page Keeley
......... [pkeeley@mmsa.org]
5/ Deleted Items (322) To help protect your privacy, some content in this message has been blocked. If you are sure that this message is from a
/| Drafts [8] trusted sender and you want to re-enable the blocked features, click here,
3 “} Tnbox (20) You replied on 7/18/2011 9:24 AM.
L@ Junk E-mail 78] Sent: Sunday, July 17, 2011 5:19 PM
L4 Sent Items To: Anderson, Qliniton W,

Cc:  (laire Reinburg [creinburg@nsta.org)

Click to view all folders =
Dear Clinton,
I am delighted to give you permission to use the probes in your action research study. Since these are your students, you are
~4 Manage Folders... certalnly weicome Lo make copies to use with your students. In terms of publishing your thesis, I don't think It is a problem using
the probes as your thesis is not published commercially. 1 am cc'ing Claire Reinburg from NSTA Press just in case I am wrong.

1 am delighted to hear from you and so pleased to know that the probes are making a difference in your teaching. I do hope
when you finish your action research study you will share the results with me. I would love to learn more about your findings!
Furthermore, Dr. Cary Sneider and 1 are finishing up the Astronomy version of Uncovering Student Ideas in Science. It won' be
ready for publication until after your study but there may be some probes you might want to use (they will be in draft form). If
there Is a particular concept/topic you are looking for in Astronomy, please let me know and Cary and I would be glad to have
you try it out in your study.

Best wishes to you in your Masters Program. | hope our paths cross again when 1 am in (NN .

Best,

Page

On Sun, Jul 17, 2011 at 4:51 PM, Anderson, Clinton W. <clintonandersonGyiiii> vrote:
Mrs. Keely,
e e S SO0
degree from University of Central and publishing an action
research thesis, Afewyearsagoyoucametospeakmthesdetmtewas rand 1 had the pleasure to
attend a g on ft « technis In the years since Implemented and modified these
mmmmmmammamMMammmmmmmwm 1 will be
researching the affects has on in e and und g of y; 1 will also

analyze the impact formative assessments have on student discourse and self-assessment. lwoudllketnusealewo(ymr
probes that focus on astronomy, I may not use all of the probes but I believe I have Identified a few probes that touch on the
topics students often have misconceptions about, the probes I am referring to are titled: "Where do Stars Go?", "Moonlight”,
“Lunar Eclipse”, "Solar Eclipse”, "Emma’s Moon and Stars”, and "Objects in the Sky". When I recelve my students in the fall |
wiill administer a pre-test to their P and what concepts they struggle with, after analyzing the pre-test
results I will utifize the aforementioned probes as needed. 15 It okay with you for me to use some or all of these probes In my
action research to gain a better understanding of my students’ understanding and for qualitative analysis? 1 will certainly give
you credit for your Intellectual property and I have already used some of your ideas in my literature review on formative
assessment (you are a wealth of knowledge) 1 have found your writing and work to be very helpful in my professional career,
thank you for all your research and dedication to helping teachers better understand and assess their students’ learming.
Thank you for your time. I will await your reply and permission for use of these probes in my action research.

Thank you for your time and consideration,

Clinton Andersan

mw«nnumwkalmdmmtse-nanmssagelsmmsdelyfor
the recipient(s) and may contain privileg: f pering with
or altering the ¢ of this isp This
lsthesameasanywmtendoammandmybcsub]ecnoannﬂes
governing public information according to Florida Statutes. Any message
that falls under Chapter 119 shall not be altered in 3 manner that
misrepresents the activities of Orange County Public Schoals.
[References: Florida State Constitution 1.24, Florida State Statutes
Chapter 119, and OCPS Management Directive A-9.] If you have received
this message in error, or are not the named reciplent notify the sender
and delete this message from your computer,

Page Keeley, MMSA Senior Program Director
Past President of the National Sclence Teachers Association (NSTA) 2008-2009

lof2 7/20/2011 3:06 PA
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Dear Parents.

As your child’s science teacher. I am contimally striving to become a better teacher. Currently, ] am
enrolled in a Master's program at UCF. This program is to help K-8 teachers teach math and science better. To
finizh my degree, I am writing an action research thesis examiming my practice of teaching. My action research
15 to measure the mpact of formative assessment techniques on student performance, self-assessment and
discourse on the topic of the Sun-Earth Meon system. The Sun-Earth-Meon system will investigate seasons,
lunar phases and moonlight. tdes, and eclipses. Formative assessment technicues use student response to guide
teacher mstruction and assess leaming as an ongoing process. The purpese of this study is to determine the
mmpact of formative assessment technigues on student performance, self-assessment and discourse 1n the science
classroom.

Aundio or video taping:

Your child will be andio taped dunng this study. If you do not want your child to be mdio taped, your child
will not be able to be in the study. Discuss this with the researcher or a rezearch team member. If your child 1s
audio taped. the tape will be kept in a locked, safe place. The tape will be erased or destroyed when the
researcher has presented and defended the findings of ths study m the sprng of 2012,

Your child will be videotaped dunng this study. If vou do not want your child to be videstaped. your child wall
not be able to be in the study. Dhiscuss this with the researcher or  research tesm member. If your child iz
videotaped, the tape will be kept in a locked, safe place. The tape will be erased or destroyed when the researcher
has presented and defended the findings of this study m the spong of 2012,

Voluntary participation:

You should allow your child to take part m this study only because you want to. There is no penalty for not
taking part, and neither you nor your child will lose any benefits. Formative assessment techmigues will be used
m this stdy will be taught regardless of your child’s participation. If you choose to decline participation for
your child, they will not take participate in the interview process. The data derived from their assessment
responses and discourse will not be used in the study. You have the night to stop your child from taking part at
any tme. Just tell the researcher that you want your child to stop. Parficipation or nonparticipation will not
affect any of your child’s grades.

Thank you

Clinton Anderson

Permission to participate in the study

Parent permission
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Hi I am Mr. Anderson. your Earth/Space Science Teacher [am currently attending UCF
pursing my Master’s degree. The program 15 to help E-8 teachers teach science and math better
To finish my degrea I am conduchng action research. My research project will examine the nse
of formative assessment techniques and how it can help smdents. The purpose of the study 13 for
me to examine how my use of these techniques may impact your performance, self-assessment,
and discourse. In order to complete this study T wall videotape lessons in class and review your
work. Please sign below if vou agree to participate. If you do not parficipate it will not affect
your grade, if you do participate it will not help your prade. This is just an exercise for me to
become a better teacher.

Student Consent

L . Tealize T will not receive extra credit for parbicipating, if [ don’t
want to participate 1t will not affect my grade. 1 give Mr. Anderson pemmission to use my
comments made during class discourse and my reflections and work in his research.

D I agres to participate

D I do not wish to participate
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Learmning Scale

Score

Learning Goal: explain the effact of Earth’s tif
and posifion in arbit on Farth’s seasonal
changes, SCEES D

SBample Actlvitles

Earth's {il affe¢ts seasonal changas:

4 |In addifion to scara 3, student will e able explain |In addition to score 3, you can infer what happens o has happenad
how the Earh’s climate and seasons would vary if  when Earth’s axis pracsssion has shanged the tilt angle of the Earth,
the lilt ware different.

3 |Student will be able o explait the sffect of “Yau can demonstrala the pesition of the Earth during the
Earth's it and posifion in orbit on Eanth’s sRasnfE
seasonal changss., “You can define zolstice and eguingx

vYou can define gohelion and petfhelion
YoU explain direc! and indiract salar radiation

P Student will be able 1o detemine how the Earth's it FYou can kentity pasilion of axis during the seasons
affests seasonal changes. «'vou can identify solstice and equinoxin a pichure

1 With hedp, student vall ba able fo determine how the
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¥au cat creabe 3 mgde] of the lunar phases 85 they appeet fram Carth
Scare 2.0 Stwdant can [dentify the lrnar phases or the pegition of the Earth- i 021 Identty lunsr phases and thooerder of the phases
Wioon system durimg the phases Veou maidertiy the positior of the Eavth-‘esi syslem durirg aew and
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Scors 1y With halp, studant can idantify the Junar phases ar position of tha

Earth-Mann systam during 1ha phases.
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Learning Scals

Score

Learning Goal: expfain the lunar fide
inhanomencn it temns af the refalive position o
the Sun, Earifl, and Mpon, SGCEES.S

'] Sample Activities

ipositions during Iow and bigh :ides

4 In additian o =core 3, student vAill be use lunar tides [You can detemmine the positian af the Sun-Earth and Woan
in real world scenarios using a tide chart,
% [student will be able fo expisin the iuhar e Y aU can identify position the moah and sun during Spring tidas
phenamenan in tenms of ihe ralaiive position of the  land Meap tides
Sun, Eanth, ard Moan, Yol can exphain why thles acour
"You can define apoges and pengee
> Student will be able idantify the moon’'s positions oL ean identify position of SEM during tides
Huring row and high tides You can define =pring and neap tides
1 With hatp, student will be abla identify the moogn's
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Learning Scale

Score

Leaming Goal: expfain the lunar phase and
sclipse phenomesna in terms of the relative
position of the Sun. Earth, and Moon. SC8E5.9

Sample Activitiea

a lunar and sclar eclipss

F1 In additlon to score 3, student will be able use You can correctly identify penumbra and umbra
soisntific termitology to define the parts of an 2clipee
3  [Student will be able to explain explain the lunsr “You can identify position of SEM
hsse and ecfipse phenorens 0 larms of the S o cah explain why entire planet is not effectad by evany
refabivie poaition of e Bun, Esrth, and Moo, eslipae
=You cah explain why it doesn't oocur in every lunar cycle
2 Student will e abke identify and define and 2 lunar  [*You can identify position of SEM
and selar eclipss =¥ou can dafine lunar and =olar eclipse
1 With help, student will be able identify and define anc
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L.earning Goal: Identify ihe posilionof e ST svsbemn o sosle eclipsss; whiv an eclipse ocours,

Apree | Disagree

elipsas ocoue once 8 momb bovause (he San, Farth and kMaan are on the
gas orbital plan,
M lunar eclipse ocours during dbke Il moon phsse

b corona 13 the only part of th Sam scen ina [l sidur eolipse

“There are total and partial cchipses of both the Sun abd Moo,

A solar eclipsc oecurs during [he Ml moon phise

| Evoryone on plemet Earlh cun see an eclipss when it ocours,

| saimring Seale Soore: pre ] sl

t-I do not imdersiand what The leaniing goal is acking

E-Witly hielp 1 ean identdly the position of the Sun, Farih, and Moot during an sctipse

21 cun wlentily the position of the Sun, Gurth, and Moo during an selipse

3-0 can explain why celipses veewr and denti Ny e pasition of the SEM sydlemn duning soeclipse
1.0 can explain why colipees oeour and idenify the pewmbry gnd ambra dieing an eclipse
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Tides: A lunar phenomenon

Agres Misantec

Ve position of the Tard, Moo and Sun inpaets the Gdes

Bdost cogstal leeatioms on Farth experence twa Hides, hich ond b,
evervday. Some expericnes only a high lide or a low tide ':1:11]:
Hpuings tide omly veoors oT bdarch 217, [he vernal wquinox i the northern
hemisphere und on September 22 ar 23 in the Sowthon Homisphere.
Dwring & tngwp Lide, e moon i g right umiple to the Harth ynd Sun

Uity sprimg tide dere is the lews lidal chanpe berwezn high and low
Tige

The: Mion pulls mane on the water han the land

The ligh tichs is higher and the Faw tide is lower L high latisndes

“Racsed oo the ledrning seule whete ara ¥ou today belore heainning the actvities and
vending

BT dlem’ L understand the leaming goal

I— Wit help T com identily the moon®s position during spring and nesp cide

2 | can idontify the maot’s pesition during spring and neap fides and identify the eflecls on the
Earth-Moom syslem

11 eun identifs the misen’s position during spring and neap tides, dedine spring and neap fides,
1 can explain why tides acour.

4 1 can use akide clisrl to defcinine the maons position Telative L the Larth and Sun
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Learnine Goal: Posltlan of the Sun-Earth-htoon during lunar pkases

AEras

Jisagree

The moan reflects Ight From t-e Sun

During the full moon phase the Moo |5 @1 a rlghl angle to the Earth and Sun

Sunlight reaches Lhe Woon

Tha moon rises and $ets ot the same time svery day

We only see gne side af the moan from Ezrth

Based on the heaming soule whiers g pou loday, before wee tegin Lhe aclivily

[-- | Ann*t understand the learning paal
1—Wlth help, | can identify the phases and pasition of the Sun-Earth-Moan

2 --| can idertify the arder of the phases and tha pasitian of the Sun Earth Baor In cach phace
3—| can create amogdal, as viewed from space and as viewed from Earth af the Sun-Earth-Moon systemm,

to dernonstrate the lanar ohases

des| can infer how Bha lunar phase can impact tldes and explala how maan rige aad sct will change

thraughout the lunar cycle
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ife, Earth, and Space Science Assessment Probes

Moonlight

Five friends noticed they could see better at night
when there was a full Moon. They wondered where
the moonlight came from. This is what they said:

Curtis:  “The Moon reflects the light from the
Earth.”

Chet: “The light from the Sun bounces off
the Moon.”

Clarence: “The Moon gets its light from distant srars.”
Fallon:  “The Moon absorbs light from the Sun during the day.”

Deirdre:  “There is light inside of the Moon thar makes it shine.”

Which person do you most agree with? Explain your thinking about moonlight.

1 adgR oth ol [ ..
t L
) thons (What He Seouid (S YKAZ

1/ ’ <. 7
7/ A | A L d

¢ IE Yo LA Lo JE




APPENDIX AA: STUDENT (ESE) SAMPLE RESPONSE—GAZING AT THE MOON
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Gazing at the Moon
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APPENDIX AB: STUDENT SAMPLE RESPONSE—GOING THROUGH A PHASE
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APPENDIX AC: STUDENT SAMPLE RESPONSE—LUNAR ECLIPSE
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8ad Spsce Sclenca Assoszment Rrobes

Lunar Eclipse
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APPENDIX AD: STUDENT SAMPLE RESPONSE—SOLAR ECLIPSE
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sIf2, Earth, and Spacq Sclonce Assessment Prabes { @

Solar Eclipse
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