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Abstract:

Educators are increasingly focused on process over content. In science especially,
teachers want students to understand the nature of science and investigation. The
emergence of scientific inquiry and engineering design teaching methods have led to
the development of new teaching and evaluation methods that concentrate on steps in
a process rather than facts in a topic. Research supports the notion that an explicit
focus on the scientific process can lead to student science knowledge gains . In
response to new research and standards many teachers have been developing teaching
methods that seem to work well in their classrooms, but lack the time and resources to

test them in other classroom environments.

A high school Physics teacher (Bradford Hill) has developed a unit called Patterns in
Nature (PIN) with objectives relating mathematical modeling to the scientific process.
Designed for use in his large public school classroom, the unit was taken and used in a
charter school with small classes. This study looks at specifically whether or not the PIN
unit effectively teaches students how to graph the data they gather and fit an
appropriate mathematical pattern, using that model to predict future measurements.
Additionally, the study looks at the students’ knowledge and views about the nature of
science and the process of scientific investigation as it is affected by the PIN unit.

Findings show that students are able to identify and apply patterns to data, but have

Page | i



difficulties explaining the meaning of the math. Students’ show increases in their
knowledge of the process of science, and the majority develop positive views about

science in general.

A major goal of this study is to place this unit in the cyclical process of Design-Based
Research and allow for Pattern in Nature’s continuous improvement, development and
evaluation. Design-Based Research (DBR) is an approach that can be applied to the
implementation and evaluation of classroom materials. This method incorporates the
complexities of different contexts and changing treatments into the research methods
and analysis. From the use of DBR teachers can understand more about how the
designed materials affect the students. Others may be able to use the development and
analysis of PIN study as a guide to look at similar aspects of science units developed

elsewhere.
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Introduction:

Schools are constantly striving to improve students’ knowledge and skills. In the
scientific realm, two areas in need of improvement are data analysis skills and nature of
science knowledge (Lederman, 2002; McClain, 2001). Subject content knowledge is the
main focus of most classrooms and science process skills and background knowledge are
often overlooked. Some schools are trying to address this disparity by creating an
explicit focus on inquiry based experimental skills and developing a background in

scientific process knowledge in earlier grades.

Patterns in Nature (PIN) was designed to meet the needs of a school that identified the
need to teach inquiry skills in 9™ grade. The school created a required 9" grade science
class called Science Inquiry and split it into two trimester-long sessions, the first
trimester was Physics content and the second trimester was Biology content. There was
an explicit focus on inquiry in the course descriptions, but no set curriculum, so the
teachers were given the freedom to cover scientific inquiry in whatever way they felt
was best while also teaching the basic content. In the physics portion of the course,
teacher concerns arose about keeping the content rigorous. Typically physics is taught
at the end of a student’s high school career, after students have developed an adequate
mathematical background. The ot grade students at this school did not yet have that

knowledge. At that point in their mathematical development the students had been



taught algebra and modeling skills up to linear equations; however, a traditional physics
class can involve the use of different types of equations of functions that many students
have never seen before. The challenge is to find a way to teach inquiry-based physics

that can still be rigorous, despite the lack of mathematical ability.

Students must be given the opportunity to take a wider look at how they are conducting
inquiry investigations before they worry about the underlying physical concepts. Even a
majority of college level physics students fail to understand where the equations that
they are working with have been derived, not because they lack the mathematical
background, but because they don’t understand the process of scientific investigation

which led to the development of a pattern.

In order to address students’ needs to improve their data analysis skills at the beginning
of their high school experience, Bradford Hill, a physics teacher at the Beaverton High
School, devised a very promising unit for students just entering high school. He
developed Patterns in Nature (PIN) to teach these inquiry skills and the mathematical
skills that 9" grade students might be lacking.® Patterns In Nature is mathematical
modeling of data gathered from investigations of natural phenomena. This curriculum

involves the construction of a scientific framework for students, one that aids them in

! A more detailed description of the Patterns in Nature Unit written by the developer of the Unit, Bradford
Hill of Southridge High School in Beaverton, Oregon is included in Appendix A.
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understanding the many different types of relationships that they will discover in future

investigations.

The class conducts four simple experiments each with the goal of discovering a specific
mathematical pattern from the results. Since it is designed to act as a framework for
students to reference in the future, PIN concentrates on science as a process, rather
than the underlying physics content. For example, the students perform an experiment
about a swinging pendulum with no prior knowledge on the conservation of energy or
gravity. They only think about finding the relationship between the variables.
Throughout the course of unit the students are authentically engaging in the scientific
process and getting direct experience taking data, estimating uncertainty, learning how
to use a computer graphing program, and modeling their raw data using error bars.
These new tasks are situated within the context of the traditional scientific method that
the students already know and are followed by a data-based prediction for a new data

point.

While the additional data provides the verification of the mathematical models that the
students have developed, they also afford students the opportunity to participate in an
important part of the scientific process. Through predicting the future, students can see
the value of the investigation they just performed and with this process they can make

the connection between quality data and quality predictions. This is an important point
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that many students miss when they are learning about science. They recognize that
scientists develop and conduct experiments, but they do not recognize that scientists
use their data to make evidence-based decisions. PIN can help paint a clearer picture of

the practice of science in students’ minds.

Initial reactions to the Patterns In Nature unit have been positive, as it has been
adopted by all of the teachers of the Science Inquiry class at the school and other
schools have started to notice its value (Hill, 2012). Although no formal study has
previously been performed, students seem to have responded positively. Many have
expressed an enjoyment of the class, and learned a great deal about physics and the
nature of science, as shown by summative and formative test results. Now, a formal
study is being done to test the unit’s ability to teach specific skills and the scientific
process. Additionally, this study seeks to examine the effect of the PIN unit in a new

type of school atmosphere with smaller, longer classes and different types of students.

Time was spent observing and consulting with Mr. Hill and all of the materials were
shared. This chapter of the study follows the PIN unit as it travels to a new
environment. PIN is taught to a class of seven students in a small charter school in
Oregon City School District over the course of five weeks with one three hour class each
week. This drastically different classroom environment, the primary subject of the

study, was then compared to Mr. Hill’s class of 36 students from the same year. Both
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classes teach the same curriculum and focus on the same skills, but a small class

provides a detailed look at each student.

Specifically, the skill being examined by this study was the ability to fit algebraic
equations to scatterplots of real data. The students were asked to do this with and
without the use of technology as an aide. The majority of students in 9oth grade can learn
the skills addressed in this unit, and may learn them in their math classes as well.
According to the National Council of Teachers of Mathematics (NCTM) these graphing
skills are introduced as early as 3™- 5" grade and in 9" - 12" grades students are
expected to learn how to fit equations to scatterplots.2 PIN is designed to help students
master these skills through practice and application to new situations in a cross
curricular unit. A unit test and individual interviews were used to document if students

have gained these skills.

This study also seeks to show that students also gain both nature of science knowledge
and science process skills, as well as improving in their attitude towards science. Many
students have the misconception that science is specific content rather than a general
discipline. If this unit can simply teach the correct use of the adverb ‘scientifically’ it

should be considered a success. The reality is that teaching the nature of science is now

2“In grades 9-12 all students should be able to display a scatterplot, describe its shape, and determine

regression coefficients, regression equations, and correlation coefficients using technological tools” From

NCTM Standards and Focal Points, 2011, online at: http://www.nctm.org/standards/content.aspx?id=318
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advocated on the national level in new standards and should be included in any science
classroom. ® PIN is modeled after the way science researchers practice science to make
the process more visible and familiar to the students. Students are explicitly told that
they are doing science, they follow the process and they reflect upon their results. This
technique is recommended by those researchers who have extensively analyzed studies
about the Nature of Science (Lederman 2006). Providing a universal technique that can
be applied to many different types of investigations may help enlighten students to the
broader process of science. Measurements in this area were made with a pre and post
survey concerning epistemological beliefs about physical science and interview

guestions developed to probe students’ scientific knowledge.

To understand the data gathered from the students, this study uses a new method of
educational research. Design-based Research (DBR) is a technique used by researchers
who are developing classroom materials that can lead to the improvement of teaching
practices to the unit itself. Formally published by Ann Brown in 1992 (Brown 1992), this
emerging research method is designed to incorporate the complexities of the classroom
environment rather than attempt to control a multitude of confounding variables. For
example, imagine a teacher researching a particular teaching method in their classroom.

If one teaching method does not work for some students, because it would be

® The National Science Teachers Association strongly advocates for the inclusion of the nature of science
in the new, Next Generation Science Standards online at:
http://www.nsta.org/about/standardsupdate/recommendations2.aspx
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considered unethical to simply let a student fail, the teacher might try other methods
such as meet with them after school, or enlist help from another teacher to ensure that
the students learn the material. All of those unplanned additions to the curriculum
become confounding variables when those students are tested for what they have
learned as a result of the new teaching strategy, becoming part of the strategy itself. In
this method of research, it is acceptable for the treatment to change as the investigation

is carried out.

One of the major advantages of design-based research technique is that each iteration
of the unit will lead to more improvements, and therefore the study will have no real
ending point; the treatment can be evaluated and improved simultaneously. If enough
is learned about the successes and failures of the Patterns in Nature unit in relation to
multiple classroom environments, it can be prepared for successful use in more schools.
That is why this unit will be analyzed using a lens of a cyclical, design-based research

approach.

In summary, this study evaluates the Patterns in Nature unit to add to the body of
literature on instructional strategies in physics and design-based research. The question
to be addressed is: How does the Patterns in Nature unit help high school students
relate mathematical functions to scatter plots of real data? Subsequently, how does this

treatment affect students’ knowledge and views of the process and nature of scientific
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investigation?
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Literature review:

The Patterns in Nature (PIN) unit was not developed in response to any specific
research; rather it came from observations to meet standards and to fit the
circumstances. However, it does relate to studies in different areas such as Physics
Education Research (PER), graphing, math modeling and the Nature of Science (NOS).
Although no studies could be found relating to the data-driven decision making part of
the PIN unit this study should help to fill that gap in the literature. Additionally, it will
augment literature about Design-Based Research (DBR) helped to guide the
methodology and data analysis of this study. By conducting this study, the PIN
curriculum can be added to the list of developing research-based teaching strategies in

physics and science in general.

Research-based physics teaching methods:

Henderson and Dancy (2009) conducted a comprehensive study, seeking to gather and
summarize research on the dissemination of research based techniques for teaching in
Physics classrooms. Research based techniques can be defined as an instructional
strategy that is designed using information from published literature, and evaluated and
improved using student data; these types of techniques are generally considered

purposeful teaching. Inversely, traditional teaching is not based on data and more
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related to what a teacher thinks will work based on what they have seen or heard in the
past. Often times this traditional type of teaching is lecture based, or taught out of a
book because of the lack of planning time. Doing research on teaching methods is
difficult and requires much hard work. Henderson and Dancy sought to investigate the

awareness of existing research-based strategies in this study.

The researchers administered a web survey about pedagogical knowledge and practices
in physics to physics faculty members at various colleges and universities around the
country to determine the approximate usage of research-based strategies in the
classroom. The survey also asked how the teachers felt about their students’ ability to
meet their instructional goals and their students’ responsiveness to these strategies.
The authors had an adequate response rate of 50.3%, which was better than some
similar web-based surveys. Their sample size represented an estimated five percent of

the total of all the physics professors at schools in the United States.

Findings showed that instructors were familiar with some strategies, but normally not
all of research-based strategies that were in the survey. As a point of reference, about
60 percent of faculty members had knowledge of all 24 strategies listed, and the highest
percent of current usage for any instructional strategy was 29% among instructors who
were aware of it. The results showed that much of the time the instructional strategies

mentioned were initially used and then discontinued for a variety of reasons.
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The authors concluded that most of the physics faculty members who were surveyed do
not have the knowledge or means to customize the wide varieties of research-based
instructional strategies and thus, better ways to support teachers need to be developed.
Henderson and Dancy stated that there is adequate awareness of the strategies, but the
knowledge of how to implement them into physics instruction is lacking. New studies

need to include tests of instructional methods for implementation.

Patterns in Nature is both a teaching strategy and a curriculum. This study of PIN is
designed to test the effectiveness of the unit as a teaching strategy in physics by using it
in a classroom. Results will include recommendations for how to use it to increase

student learning in multiple areas.

Redish and Steinberg (1999), physics education researchers at the University of
Maryland, summarized the reality of teaching university level introductory physics and
the need to pass on valuable information and skills to students in a short amount of
time. Through surveys, the authors discovered that many students in their introductory
physics courses never take another physics course. Therefore, students have little
reason to gain the proficiency with the content knowledge that professors intend them

to master. Redish and Steinberg claimed that physics teachers should concentrate on
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how students learn and not on what they learn to pass on valuable information that

students may be able to use in other subjects.

Consequently, Redish and Steinberg (1999) researched and summarized several
programs that attempt to emphasize the ‘Hidden Curriculum’ and make it visible to the
students. The authors defined concepts, skills and attitudes that are not explicitly
stated by the teacher as the ‘Hidden Curriculum’, and claimed that much of a student’s
learning comes out of this. Many of these programs studied were implemented by the
researchers at their university in an effort to evaluate them. Professors collected data
from surveys and administered content tests throughout their class. This data was
shared with the researchers who analyzed the results and correlated them with the

types of teaching methods used.

The findings showed that the research-based methods, like interactive demonstrations
and discrepant events to name a few, outperformed traditional classes in concept
comprehension and problem solving ability in addition to showing and improved
attitude towards physics at the conclusion of the class. They encouraged additional
evaluation in the field to find out exactly which teaching methods work and
communicate them to others, because often teaching methods are shared without

proper research and testing.
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As strategies similar to PIN are used and evaluated like this, changes can be
recommended and adaptations for different types of students and environments can be
made. This process results in a dynamic, adaptable, and continually improving teaching

method.

Wieman et al. (2005), in Transforming Physics Education, made an attempt to explain
how teachers can reach a larger fraction of their student population. A large body of
research the authors examined showed that students in traditional classrooms did not
gain a true understanding of physics and had trouble tying concepts to the world around
them. The researchers discussed a potential solution to the issue of cognitive load limits
in students linking new material to prior knowledge. Wieman et al. suggested that
teachers should concentrate on ‘why’ and not ‘what” when making links between topics.
Research based techniques seem to be the most effective in making these links for the
students. Wieman et al. recommended relating ideas to students in terms of real-world
situations and utilizing new educational technology, including rapid response systems

and virtual labs.

Focusing on the development of the mental structure of students' understanding was

shown to be an effective instructional method. The authors concluded that students’
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beliefs about the subject depend on their motivation which in turn is contingent on their
understanding of the material. Wieman et al. stated that the over-arching goal is for the
students to approach expert thinking and understanding. To accomplish this goal the
authors say that physics teaching needs to be reformed to use research-driven

strategies in the classroom, and more purposeful teaching.

This type of reform is what drives the creation of the PIN unit and its evaluation. In this
study the goal is to share the method itself while also inspiring others to evaluate and
share their curriculum developments. The entire community of teachers and students

can benefit from this fundamental change in the origin of new teaching methods.

Graphing and mathematical modeling:

The Patterns in Nature unit concentrates on graphing data and modeling the pattern
mathematically. Literature about these subjects can provide ways to help strengthen

the unit’s ability to effectively teach these skills to students.

Leinhardt et al. (1990) conducted a comprehensive study about teaching graphing. The
authors suggested that graphing is the most basic knowledge of symbolic systems and
that it affects the students’ understanding of science and math for years afterwards.
Furthermore, functions and graphs are communicative systems that cannot exist

independently. Each one symbolizes the other. Therefore, a comprehensive study of
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the research related to teaching these skills is warranted to decide what steps need to
be taken towards increasing student comprehension. This article is a review of
approximately 50 research studies related to teaching and learning functions, graphs,

and graphing for students aged 9 - 14.

After looking at studies from the fields of both math and science education, Leinhardt et
al. noted that the techniques used by mathematics instructors emphasized real world
applications to deepen the students’ understanding of the abstract mathematical
concepts. Conversely, science instructors emphasized the use of graphs and analytical
tools to discover underlying patterns. The authors proposed that an approach
combining the methods of science and mathematics teachers would logically be the

most effective.

They were critical of many research studies in the literature that paid little attention to
the nature or form of the variables associated with the tasks given, which could confuse
students. The authors classified the types of variables that they have seen as static or

dynamic, specifying that both types can exist simultaneously in a problem.

They also classified the types of tasks that were given in these research studies as:
prediction, classification, translation, and scaling. The authors found that 75% of the

articles reviewed included implications for teaching but focused more on assessment of
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tasks and variables rather than on teaching methods. For example, researchers
generally designed their tasks for the students around extreme or confusing situations
to check if students had a true understanding and were not distracted by irrelevant

information.

Leinhardt et al. concluded that there are many different ways to assess graphing ability,
but it is more important to better understand the instructional sequences and how they
affect the learner at different age levels. This, like the Henderson and Dancy (2009) and
Redish and Steinberg (1999) studies, requests that researchers make their findings and
results more applicable to instruction than assessment. What follow are some studies

with instructional strategies about teaching these skills.

Graphing and mathematical modeling instructional strategies:

Like the following studies, PIN teaches and tests specific skills that can be used with a

variety of different content topics.

Clement et al. (1985) wanted to determine if middle school students could produce
correct graphical representations of various situations. This study involved a
preliminary study with a small class of college students and followed with a primary

study of 25 7" and 8" grade students. For their assessment, the authors chose several
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situations involving different types of graphs and content areas in an effort to
counteract the students’ lack of content knowledge of the subject of the problems. The
data was gathered from taped clinical interviews with all of the students. After
analyzing the data, Clement et al. noticed several common errors that were confined to
particular problems and that these were similar to errors that occurred when the

preliminary study was done on the small population of college students.

The researchers categorized the major errors students made as ‘confusion with graph as
picture’ and ‘slope versus height confusion’. Clement et al. states that ‘confusion of
graph with picture’ occurred when students thought that the graph visually resembled a
time lapse picture of the situation. For example, a distance versus time graph of a ball
being thrown up in the air will resemble the path of a ball being thrown up in the air at
an angle. The authors say that confusion of slope versus height occurred when there
were two lines on a graph that did not start at the same point. This commonly resulted
in students choosing the one with greater height when looking for the greater slope.

In the conclusion, Clement et al. recommended further study on the subject to

determine whether their results were typical.
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McDermott et al. (1987) found similar errors to Clement (1985), and documented more
common errors in graphing. The researchers noticed that students seem to lack the
ability to use graphs to impart or extract information about a physical investigation. The
authors sought to illustrate common errors in interpreting graphs with some examples

taken from kinematics.

The study was descriptive, spanned a period of several years, and involved hundreds of
university level students at the University of Washington. The authors tested students
as they participated in an introductory level laboratory-based Physics course. Two skills
were examined by the study: connecting graphs to physical concepts and connecting
graphs to the real-world. Throughout the physics classes examined, student data was

taken from written problems and laboratory experiments.

Looking summarily at the findings, students had little problem with the plotting points
and slopes, but could not easily apply that skill to physics situations. The researchers
noticed that the mistakes related to producing graphs commonly occurred in problems
that required an analysis using inferred methods and not memorized steps. Many
students lacked the deeper understanding necessary for certain problems involving
making or analyzing graphs. When more than memorized patterns or procedures are

required, many students struggle.
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The researchers pointed out that many of the difficulties they described do not come up
in typical instruction, because typical instruction and assessment tend to use algorithmic
approaches to data and graphing. The errors also did not occur in any particular group,
but were evenly distributed among various gender, racial, and economic populations.
This finding suggests that these problems are widespread and not isolated to particular
environments or backgrounds. They used their findings to design an instructional model
on kinematics and also extended the testing of graphing to topics taught in a latter part

of their current physics course.

In addition, the authors also give their arguments for teaching about the powerful tool
of graphical analysis in multiple contexts, “to develop a general ability to work with
graphs that may be useful to students long after they have forgotten much of their
physics, and to take advantage of the increased depth of understanding that comes
from using the same procedures and reasoning in several different contexts.”
(McDermott, 1987, p. 512) The researchers concluded that literacy in graphing does not
spontaneously develop and that the ability to work with graphs is likely to be more

useful in the future life of the student than specific topic knowledge.

These early studies focused on the difficulties students had completing a task that was

important for multiple contexts. They noticed that students had trouble tying graphical
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representations of data to real-life, but did not look into better methods of teaching

those skills.

Doerr (1995) provides an example of a teaching strategy designed to improve students
graphing skills. The researchers conducted a classroom study on Integrated
Mathematical Modeling and described it in a paper written for the National Council for
Teachers of Mathematics (NCTM). The goal of their study was divided into three
categories: 1) having students build relationships from physical phenomena, 2) having
them use a simulated environment to explore their conjectures, and 3) having them use
an iterative process of developing and validating solutions using computer based tools (
in this case, a program called ‘Interactive Physics’ and a function fitting program). Two
teacher teams taught a class of 17 students at an alternative public high school a unit,
lasting 35 instructional days. The unit focused on reconstructing physical phenomena
using math and technology. The teachers used the context of an inclined plane to
investigate the model building process in their classroom involving the students in an
iterative process where they continually revisited and reused the models that had been
made. The guiding question of the unit was “How will an object behave when rolling
down a ramp, and can we predict its behavior given any angle?” It was then further

broken down into sub-problems focused on specific issues.
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To treat the research properly and to leave room for students to learn independently,
the teachers tried to remain as observers while the students worked. This unit also
placed considerable emphasis on small and whole group discussion which became the
setting for the content skills being taught. Data sources included: pre and post-tests,
collected student worksheets, student submitted computer data, and video and audio
evidence. A focus group of students was closely followed throughout the course of the

unit.

Some developing themes were identified as a result of the study. Firstly, the
researchers recognized the unexpected diversity in the way that students pursued the
questions. Secondly, the researchers observed that time spent on incomplete models
turned out to be worth the frustrating effort for the students, as it helped them piece
together conceptual models over time. Lastly, the final major theme was the positive
effect of the quick feedback that the students got from using the computer software
tools. Doerr said that this was very valuable in particular when the physical experiment
was inconclusive. However, the researchers had to be careful to guide students into
simplifying and not overcomplicating the situations. The implications for teaching and

the curriculum are made with those major themes in mind.
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The researchers mentioned that this process of open-ended inquiry was not without
confusion, opening the door for unexpected mathematical difficulties. However, with
the support of the tools to represent data and build simulations the students were
capable of mastering the essential questions. It must be pointed out that the
researchers were not sure that the students saw the value of their stumbling blocks, and

a reflection element should be considered a good addition to their unit.

The author stressed that problem solving skills are acquired when students focus on in-
depth investigations and fewer concepts. The students’ results on the force concept
inventory suggest that they can still make large learning gains when using a curriculum
of this modeling style. Modeling was not just an add-on, but “a more fundamental
reformation of the curriculum that gave primacy to the students’ construction of
content knowledge through an inquiry process of experimentation, simulation, and

analysis.” (Doerr, 1995, p. 26)

This study happened early on in the modeling movement, when teachers had students
closely study a physical situation and recreate it. However, not many researchers
sought to identify and analyze the students’ conceptual connections between the task

and the mathematics.
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Sherin (2001) investigated the connections that students made in their modeling tasks.
He conducted a study that attempted to find a way to teach for understanding and to
move students away from memorization and meaningless symbol manipulation.
Specifically this was a study relevant to the use of equations to understand physical
phenomena, as when fitting curves to a scatterplot. The work focused on determining
how Physics equations are understood. To do this, Sherin observed five pairs of
university level students in a 3" semester physics course for engineers while they solved
seven moderately difficult problems on a whiteboard. The students participated in four
to six sessions each lasting about an hour and fifteen minutes. Sherin’s data was largely

qualitative and the discussions were transcribed from video tapes.

The researcher concluded that the students possessed inherent knowledge of symbolic
forms and equations that are not directly related to physical principles such as parts of a
whole, competing terms, multiplicative factors etc. Symbolic forms consist of two
components: a symbol template (framework for an equation in which two things are
equal) and conceptual schema (the overall idea to be expressed in the equation). Sherin
showed that there can be a deeper understanding of physics equations using vocabulary
elements called symbolic forms that bridge between physical principles. Mathematical
relationships or graphical patterns (linear, inverse, quadratic, etc.) can be considered a

type of symbolic form. Students, however, only understood those equations to a
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certain level of detail without tying them to physical concepts. The author’s research
supported the general movement that uses models as a method of physics instruction,
and in the years after this study modeling has been extensively studied and developed

into several published science teaching programs.

Halloun (2004) chronicled modeling theory in science education. This article written by
Halloun is a synopsis of a book representing 20 years of modeling theory development
as a pedagogical theory, designed for both teachers and researchers to be used as a

major reference.

An important part of this reference is the definition and description of the theory.
Modeling theory is described as a theory about scientific principles and practice that
places models at the core of scientific philosophy. The book states that while science
standards are traditionally content driven there also needs to be a drive for mastering
process skills. Scientific Models can be generalized as conceptual systems mapped onto
a specific pattern in the real world. They can serve either an exploratory function or an
inventive function. Additionally the authors of the book say the benefits of a modeling

related curriculum reach both students and teachers; it serves as a method for students
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to organize their work in a productive way and provides teachers a reliable way to plan

instruction and assess student learning.

A particular modeling program was presented that has been systematically tested
mostly in secondary school and university physics courses, but is now being adjusted for
other scientific fields and educational levels. Results of the testing are shown, which
supports the claim that this modeling method helps to narrow the gap between
students at opposite ends of the competence spectrum creating a more equitable

learning experience.

The program, championed by Arizona State University, possessed some similarities and
differences to the Patterns in Nature unit. While it concentrates on connecting scientific
disciplines and principles with an inquiry task that involves modeling data, it does not
talk about students using their models to make predictions and conjectures like PIN
does. Regardless, the authors show that students can develop conceptions of scientific
theories and essential skills of scientific inquiry through the affordable and efficient

framework that modeling can provide.
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Sins (2005) conducted a study to determine what distinguishes successful from less
successful student modelers, and which reasoning processes are difficult for novice
modelers to perform. The process of modeling (using mathematics to mimic reality) is
widely advocated as a way to offer students a deeper understanding of complex
phenomena, but the process itself is complex and requires scaffolding. Constructing a
model is a difficult task, and novices tend to encounter problems in areas like the task

perception, the content addressed, and the tools used.

The study involved 38 students from 11" grade science classrooms. The students
worked in pairs that they chose themselves. Students started with incomplete models
and changed values to complete tests and finalize their models. The results are given in

the form of case studies of pairs.

A high performing pair was described as engaged, systematic, elaborate, and critical.
They were very thoughtful and reflective in a process where they struggled to fit their
data to a mathematical relationship, but they broke it down into parts and evaluated
each relationship separately before making their final decisions with high quality
reasoning. A medium performing group was also monitored and described. They
mainly analyzed and identified just individual elements without elaborating on
improvements that could be made. This medium performing group, however, did

express concern about their model being a realistic representation of the phenomena.
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Lastly, a low performing group was followed. The students constructed a poor model
and frequently asked for guidance from the experimenters. These students tried to
evaluate the degree of the model fit but did not know how to revise their model
because they had trouble explaining why they chose particular values. The main
differences in scoring between these three groups were in the reasoning and explaining

categories.

In conclusion, the researchers found several characteristics that differ between novice
and expert modelers. The more successful students justified their reasoning with prior
knowledge, and typically regarded the model as a whole. However, the less successful
students spent a lot of time manipulating parameters and mostly considered only one
guantity at a time. Generally, inductive reasoning with prior knowledge seemed to be
the difference between effective and ineffective models. The less successful groups
were more concerned with model curve fitting than the successful ones. They used it as
an artifact rather than a method to comprehend complex phenomena. A top down
approach, from general to specific, seemed to be more successful when revising a

model, with students keeping the whole picture in mind.

Even these upper high school students experience difficulty with complex modeling
tasks because some have the proper background and others do not. Patterns in Nature

seeks to provide the content independent framework that could aid students in
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situations like this. PIN could be considered a pre-modeling unit with an emphasis on

the basic mathematical modeling skills and a validation of them at the end.

Data-driven decision making:

This phrase describes how students use the information that they find in their
experiments. Within the field of research there is a lack of any specific studies on lines
of best fit, in terms of their predictive power. While some articles talk about integrating
a use of technology into graphical analysis (Jackson, 2006), none of them go to any great
lengths about how to use it to make data-driven decisions. The concentration is on
using the programs to evaluate data, not using the trends to make a prediction for

future measurements.

Scientists collect data for the purpose of predicting repeated experiments to a certain
degree of accuracy. PIN intends to use data driven decision making as a connection for
students between the classroom and the real world. So much of the science and
technology people know and use only works because it was tested in alab and a
predictable relationship was found and recorded. Through this part of the process,

students can better understand the Nature of Science.

The Nature of Science:
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It is necessary to accurately analyze the meaning of and views surrounding the Nature of
Science (NOS) because of its important role in new educational practices and standards.
Nature of Science can be described, by first defining science. According to Lederman
(2006) Science is three things: a body of knowledge, a method, and a way of knowing.
The epistemology surrounding the topic of science usually refers to the Nature of
Science. This is the beliefs, views, and means of understanding the body of knowledge
or characteristics surrounding Science. However, like scientific knowledge itself, Nature

of Science is a moving target and has evolved over time.

Lederman (2006) conducted a review of the literature to describe the NOS and its role in
the past, present, and future of education. Despite being mentioned in the literature
for over 100 years, those studies continually state that our students still do not seem to
have adequate understanding of the Nature of Science, thus NOS is gaining increased
attention in the science curriculum. The author of the review states that there are many
guestions still to be asked and answered about the topic. Lederman’s goal is to help
synthesize those questions and answers from the previous literature and then share
them with the science education field. To accomplish this he describes research studies
done on both students and teachers, in the framework of both classical and

contemporary studies.
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Lederman shows that studies have been done on students’ conceptions of NOS. A wide
variety of instruments used in studies for over 20 years concluded that students do not
possess adequate conceptions of the Nature of Science. Studies on teachers’
conceptions of the nature of science also showed a lack of adequate understanding as
well. However, none of these earlier studies made an attempt to solve the problem,
they simply confirmed that one existed. Classic studies that attempted to address the
issue that teachers’ views affected students’ met moderate success, but they were very
simplistic. Contemporary studies, after 1980, are more complex and comprehensive.
They show that teachers’ and students’ views are only linked if there is explicit
instruction on the Nature of Science. The few studies that attempted to justify the
importance for teaching NOS showed that an understanding is important because it

contributes to individuals’ decision making.

Some researchers reviewed by Lederman have argued against the validity and reliability
of Nature of Science assessments. Early assessments focused on quantitative data that
led to easy analysis, but the methods of assessment have changed just as educational
research design has over the years. Lederman has compiled a list of all the different
standardized NOS assessments since 1954 and analyzed them. Most assessments
concentrate on students’ abilities and skills regarding the scientific process of making
judgments regarding data. Half of the assessments deal with students’ values and

feelings or appreciation of science. Few of them placed emphasis on the development
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of scientific knowledge in an epistemological way. Additionally, Lederman found that
successful studies validated their assessment instruments used by comparing them to
gualitative data from interviews. This affected the way that PIN was to be assessed and
the instruments chosen. A survey about the Nature of Science was chosen because it
cited Lederman’s work and the questions from that survey were compared with similar

questions.

Overall, in his conclusions Lederman asserts that much work is needed to determine the
underlying mechanisms that drive Nature of Science learning in both teachers and

students, as well as the relationships that are tied in with knowledge transference.

According to Lederman, both the teacher and student views and prior knowledge affect
a student’s ability to learn. This complicates a research study and adds to the long list of
variables that need to be accounted for. Traditional scientific research methods do not
suit educational research well. It was necessary to investigate effective ways of

designing a research study to most successfully evaluate the PIN unit.

Design-based research:

Brown (1992) sought to design a reliable and repeatable way to conduct studies in the
rich, complex, and constantly changing environment of the classroom that is based on

theoretical descriptions. The author describes her personal history with educational
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theory and what brought her from developmental psychology to the point of conducting
research in the classroom. She notes that a fundamental shift began, taking research
about how people learn out of the laboratory and into the classroom. More subtle
methods were needed and developed to collect information without affecting the
subjects thought processes. A multitude of new methodologies were developed and
incorporated into her research. She describes her current research in 6" 7 and 8™

grade science classrooms.

In these classrooms the researchers have set up a community of learners that differs
from a traditional classroom in the active roles that students and teachers take.
Students engage in self-reflective learning and critical inquiry and are monitored using
many different types of formative assessment. Teachers serve as role models and
guides through the discovery learning process. The students, teachers and researchers
are all subjects of the study, as they all have an impact on the measured outcomes.
Every person involved will show up in the data, thus everyone must be considered an
integral variable in the study. The sources of data generated by students in the classes
monitored by Brown’s research team are extensive. In addition to the standard
outcomes measured from assessments, they collect data in the form of transcripts,
observations, and portfolios of work. They have audio and video tape of individual,
group, and full classroom settings. Brown explains that they have “no room to store all

of the data, let alone the time to score it.” They gathered excess data as a safeguard in
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the situation that the research question changes as a result of unforeseen complications

in the study.

The data was collected, but at the time of this article it was not organized into any
specific findings. Rather, the researchers have concentrated their effort in this study on
the methodological issues of conducting research in a classroom that they are
simultaneously designing. The conditions are constantly changing, causing issues in data

collection and analysis.

A preliminary result shows that outcomes on standard assessments improved
significantly; however, Brown seeks to learn about the students thinking from the
extensive qualitative data. Selected interviews with students showed that they can
improve their thought processes after participating in the learning community
classroom. She mixes and matches qualitative and quantitative methods, using the
classroom to inform lab decisions and the lab to inform class decisions. Brown seeks to
justify her non-traditional experimental approach through the development and
description of a new classroom setting method, design-based research. This and other
complex methodologies must be developed to capture the systemic nature of learning,
teaching and assessment. Brown wrote the following as a definition for the research
approach saying it is “a paradigm for the study of learning in context through the

systematic design and study of instructional strategies and tools.” Design-based
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research can help create and extend knowledge about developing, enacting, and

sustaining an innovative learning environment.

Ketelhut, Clarke, and Nelson (2010) conducted a study where they claimed to have used
design-based research methods. The authors developed a computer-based simulation,
a multi-user virtual environment, centered on skills of hypotheses formation to provide
teachers with a platform for implementing authentic science inquiry experiences. They
employed a design-based research approach to the iterative development of their
inquiry curriculum. The focus was on scalability as they were looking to move to large

scale implementation.

Studies were set in the classrooms of public schools where relationships with teachers
have been established and the intervention could be used in ‘natural settings’. Over
15,000 students and 100 teachers were considered in the scope of this study. Studies

were conducted in large, urban school districts.

The program is called “River City” and involves the biological and ecological
investigation of a city set in the 1900s. The computer simulation used in the study was

created to address a specific part of scientific inquiry, investigations that involve
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hypothesizing and testing, collecting and analyzing data, and making inferences.
Development started with identified problem areas and suggested solutions from
teachers. The students worked collaboratively within the virtual environment, where
they could interact with the environment and each other. Lab notebooks were provided
to help the students build towards mastering the inference and scientific investigation.
The curriculum corrected the students’ naive view that there are correct, easily
discernible answers to problems in science. The researchers described the
development of the program in detail and the important changes that they have made,
specifically modifying the lab notebooks and the program to provide a more authentic

research experience.

Over the past eight years of the project design and implementation the researchers
have developed new insights into student learning, design, and instructional strategies.
They cite the use of design-based research, an iterative process, as a major part of their
project’s success in understanding students’ inquiry learning through the collection of a
variety of data types. River City classes did not always perform better on the
assessments than the control classes. However, these results sparked changes to the
curriculum to allow for increased engagement and accessibility for more types of

students.
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Their virtual learning environment seemed to have a large impact for students who
were identified as low performers in a traditional classroom curriculum. They witnessed
many students who were inattentive to their teachers, but highly engaged in the virtual
world of “River City”. These types of students exceeded their teachers’ expectations,
interpreted the data insightfully and finished their projects in a timely manner. The
researchers conclude that virtual scientific inquiry environments can have a valuable
role in the classroom, allowing for learner-centered collaborative inquiry learning. The
project continues as the authors perfect the design and development of the tool using a
DBR approach. This study provides an excellent model for others pursuing design-

based research.

From this study, the parallels between the “River City” program and Patterns in Nature
unit can be seen. They are both developing curriculums trying to move towards a large
scale implementation and continued improvement. While they are at very different
stages in development, and about different content, both programs focus on collecting
data and using the scientific inquiry process. “River City” is a good model of design-

based research for PIN to follow in its design and evaluation as more studies are done.

Summary:

The fact is that, for many students, traditional lecture-based teaching is not effective.

There are an increasing number of researchers and teachers that support scientific
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inquiry and various other methods of stepping away from the traditional lecture style of
teaching. However, not every method is necessarily better all the time and these
methods need to be researched and tested before they are deemed successful. A
research-based strategy was developed by consulting the literature, tested with
students, and modified using the results. The more these strategies are tested, the
more effective they become. Henderson and Dancy (2009) established that there were
a lot of research-based techniques out in the teaching community, but many teachers
struggle when they try to implement them in their classrooms because of a lack of
direction given by most research. Redish and Stienberg (1999) implemented several
research based teaching strategies in their university level classrooms and confirmed
that their students outperformed control groups in concept comprehension, problem
solving ability and attitude towards physics. The researchers claim that in every
classroom there is a ‘Hidden Curriculum’ that the teachers want the students to get
from the lessons. Often this includes material about the process of science. Teachers
need to make an effort to have the hidden curriculum be visible and explicit to their
class if that want students to truly understand what it is they are supposed to take away
from the lesson. Units like PIN, are designed to specifically focus on and test the

experimental process, rather than have it be an assumed outcome from the class.

Some suggest that for students to make connections with the information they are

learning it must be linked to their previous knowledge and also allow for easy links to
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new knowledge. (Wiedman 2005). Teachers can do this by creating cross-curricular
connections and making those connections explicit. Patterns in Nature combines the
common mathematical activity of modeling and links it to physics experimentation. This
teaching method advocates for science as a process and guides students repeatedly
through that process. The students are finding mathematical patterns and testing the
limits of those patterns, an important part of the Nature of Science. It is a very relatable

process that students can use as a framework for other activities.

There are some parallels between the Patterns in Nature unit’s methodology and others
that have tried to teach similar skills. Studies that have concentrated on teaching about
graphing consistently found that students had difficulties developing a deeper meaning
of the information they represented in graphical form (Mcdermott, 1987, Clement,
1985). A review of the graphing literature (Lienhardt, 1990) found that the students’
graphing abilities was largely age dependent, concluding that teachers need to
concentrate on the instructional strategies behind graphing starting earlier in a
student’s development. This supports the idea to use PIN curriculum in early high
school. Doerr (1995) concentrated on in-depth instruction and fewer concepts, seeing a
greater student understanding through an integration of math and science. This was
near the beginning of the development of a specific method referred to as modeling,
where students basically mimic physical phenomena. Halhoon (2004) follows the

development of this method to widespread use in science classrooms. However, the
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method is not perfect, and students encounter difficulties using tools and recalling the
correct mathematics (Sins, 2005). PIN is different than modeling in that it prepares
students to model by providing the conceptual framework of the process. The students
can then relate the process to real science by making data driven decisions. This is

designed to enforce their understanding of the Nature of Science.

The Nature of Science (NOS) has been a focal point since the formalization of science
education research and it is an important part of the current national standards in
science. A study (Lederman, 2006) reviewed almost 100 years of research on the Nature
of Science established that students are still not as successful at understanding NOS
even after all the changes that have been made to the teaching process. Some argue
that existing instruments are not even able to measure NOS gains effectively enough to
tell for sure. Recent studies are more complex, showing that teacher and student
conceptions of the Nature of Science are only connected when there is explicit
instruction on the subject. However, the exact mechanisms that drive NOS
understanding in students are not yet understood by science education researchers. It
is obvious that more work needs to be done to understand how the Nature of Science
should be taught. The hope is that the study of this unit, Patterns in Nature, will add

another successful method of teaching NOS to the current body of knowledge.
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Challenges exist when conducting research in a classroom environment. Research
clearly shows that there are new methods of investigation, collectively identified as
design-based research, that have emerged to aid in classroom-based studies. Even
though one may not be able to isolate all of the variables and there may be changing
treatment as the study progresses, researchers can still conduct a valid and reliable
study using a variety of data sources. (Brown, 1992) Other studies have successfully
used design-based research to evaluate and improve their treatment. (Ketelhut, 2010)
Researchers can trace the changes they have made to specific instances of
implementation and subsequent analysis. Long term tracking can allow for deeper
analysis of the effects of the unit. Design-based research will aid the analysis and

further developments in Patterns in Nature.
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Methods:

Overview:

The purpose of this study is to evaluate the effectiveness of the Patterns in Nature (PIN)
unit by measuring the impact of the unit on students. The research question to be
answered is: How does the Patterns in Nature unit help high school students relate
mathematical functions to scatter plots of real data? Subsequently, how does this
treatment affect students’ knowledge and views of the process and nature of scientific
investigation? Both quantitative and qualitative data have been collected in order to

answer these questions and define what changes may need to be made with the unit.

The primary study was conducted at a small charter school with a small number of
students. Those students were subjected to content tests, surveys, interviews and the
treatment. Data was taken in the class during the first grading period before, during
and after the PIN unit was enacted. The aggregate results from that class were
compared to the pre and post test results from a large school with a large class and a
different instructor (Bradford Hill). In the year prior to the study, observations were
made and instruments were piloted in Mr. Hill’s class. Only the summative assessment

on the content of the unit was used in his class, whereas all of the evaluative
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instruments were used in the primary study class. The experimental format is as follows

with both classes taking approximately five weeks for the unit.

Primary Study Class: Snos Ocontent Xpin Ocontent Snos I
Instructor - Chris
Sheaffer

(Met once per week)

Secondary Study Class : Ocontent Xpin Ocontent
Instructor - Bradford Hill
(Met every day)

Table 1: A time table comparing the instruments given to the students in the two classes studied.

| = Interviews

Snos = Survey on Nature of Science
Ocontent = Unit assessment on Content
Xpin = Treatment- Patterns in Nature

Treatment:

Patterns in Nature (PIN) was developed for use with oth grade students in a class that
meets every day with a high student to teacher ratio as high as 40 students to one
teacher. The unit being studied has been taught before in this format in the Beaverton
School District and many adaptations have been made to optimize student engagement
and proficiency. One distinct difference between previous iterations of PIN and this trial
is the context in which it is taught. Contextual differences include the meeting
frequency, the class size, the amount of material covered each class, and the different
prior knowledge of the students. This difference is important because it will help to

determine how transferable PIN is between different contexts. The new class is at a
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small charter school in the Oregon City School District. Here the student to teacher ratio
is much lower, six students to one teacher. Students at this school mostly come from
homeschooling backgrounds and they only receive grades in their classes once they
reach high school. Their individual background knowledge can vary tremendously. In
this setting the unit is taught to a class of seven students that meets one day per week,
three hours per day. In this format, the unit is only five class periods. Because of this,

adaptations had to be made, but the themes and methods remained the same.

The technical way to refer to Patterns in Nature would be mathematical modeling of
data gathered from investigations of natural phenomena. The essential question of the
unit is “How do we use patterns in nature to predict the future?” This statement is
designed to engage the students and encourage them to think about the experiences
that may have developed their prior knowledge. Through this question the teacher can
relate all their experiences, from gravity to cell phones, to patterns that scientists have

found when investigating phenomena in nature.

The unit begins with an inquiry investigation entitled the “Inquiry Cube”, from the
National Academy Press (NAP). It takes one class period. In this activity students are
introduced to the concept of inquiry and how it can relate to science. In addition, the
activity also introduces the idea of unknown answers and encourages students to

evaluate their confidence in guesses as they predict what they will find on the bottom of
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the cube based upon the patterns they discover. They must first make a prediction
before looking at the bottom, then as the students look at the mystery side they can see
how close they were. An adaptation to the NAP activity is made by changing the bottom
so that all squares follow the pattern, but different groups discover a different result
when they look at the unknown side. This opens the door for a discussion about how
results on the same experiment can differ based on the accuracy of the instruments

used.

From here the unit leads to four experiments where the students discover four different
patterns; one experiment per day is done in this particular enactment of the unit.
Throughout these experiments the students learn about the Nature of Science while
improving their experimental method skills. Conducting these experiments, finding
patterns, and testing their predictions, the students can see how scientists learn about
phenomena and construct the body of knowledge that we call science. This process

helps to improve the students’ views about the Nature of Science.

The first experiment investigates the pattern followed when a spring stretches with
different masses hung on it. The format for the first experiment is very explicit to guide
the students through what is expected of them in their future experiment write-ups.
The goal is to emphasize that they take data, graph it, find a pattern and then use that

pattern to make judgments about what the result would be if another point were taken.
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The students are also encouraged to make a statement about their confidence. The
writing of their conclusions is scaffold using a fill in the blank format, requiring a
statement about the pattern and their prediction. In general the students should
explicitly see the difference between making a wild guess, and a data supported
prediction. This particular activity reveals a linear pattern, and helps the students
become familiar with the data gathering process and the analysis tools available to
them. In this case they use Logger Pro and Microsoft Excel to analyze their data and
model it mathematically. To expand upon the first experiment, students who finish
early are given the task of investigating amplitude versus period, and mass versus
period, both leading to constant flat line relationships. They report their findings back
to the whole group and learn from each other through a discussion, another important

part of the scientific process.

The second experiment is a pendulum period versus length investigation where the
students discover a quadratic relationship. To keep things as efficient as possible the
students must choose the simplest line of best fit that goes through their data point
error bars. Simplest best fit keeps the math from becoming unnecessarily complicated.
This relates to the notion that the simplest mathematical explanation is more
advantageous to share and use. With the equation of the line of best fit the students

can see the connection between math and science, and then use it to make predictions.
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The third experiment takes a break from physics content and involves a simple
paragraph printed on a page. The students examine how changing the width restriction
in the document affects the height of the text thereby discovering an inverse
relationship. They must do more of the work individually, making the data table and
taking data without a group to help them. The methods the students use from their first
experiment are the same. They start with a wild guess, take data, find a pattern, use it

to make a data-informed prediction, and then finally test the prediction.

The last experiment is an inverse squared pattern revealed through the investigation of
how the shadow area of an index card relates to its distance from a light source.
Students can conceptualize, through performing this experiment, that doubling the
distance decreases the shadow size by four. Using the same methods, the students
must write their own conclusion, without scaffolding, following this experiment. After
this experiment the students should be ready to design and investigate a phenomenon

on their own.

The unit concludes with a summary of the patterns followed by a unit test. Although
the PIN unit ends here, the physics instruction for the remainder of the class uses the
same experimental technique as the students learn physics content in a traditional

sequence that proceeds from Newtonian to modern physics.
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Appendix B includes a collection of the PowerPoint slides for each day

Participants:

Preliminary studies were done at Southridge High School, a medium-sized school with
approximately 2000 students in the Beaverton School District, situated in the suburbs of
Portland, Oregon. The instructor, Bradford Hill, originally developed the unit at
Southridge. His school operates on a trimester schedule where each trimester is 12
weeks long and he will be teaching the Patterns in Nature (PIN) unit for the second year.
In 2012, he taught the unitto a gth grade class of 35 students with the majority of
students in 9th grade and some repeating the class. Those students will be compared

with the ones in the primary study through reports of their grades on the unit test .

The primary study took place at a small charter school in Oregon City, Oregon called
Alliance Charter Academy (ACA). The school operates on a college-like schedule with
physics classes meeting once a week for three hours each meeting. The physics course
is a year-long course designed to prepare the students for college science classes. Most
of the students at the school come from home-schooling backgrounds and non-
traditional science learning. There were seven students in the class aged 13-18. These
students were taking classes above their grade level, with a few in the talented and
gifted programs taking college-level math classes. The advantage of using this school as

the primary study is the small class size and the ability to pay close attention to each
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student. Below is a short description of each student and their math and science
backgrounds. Names of these students have been changed using pseudonyms to

protect their identities.

Aaron is an 8" grade student placed in all high school classes at the school. He was in
Algebra 2 at the same time as Physics, and was one of the strongest students in that
class. Although he had not taken any high school science classes before, Aaron had a
strong background in science. He was always bringing in projects that he was working
on. There were several robots that Aaron was building, programming, and competing in
competitions with. His electronics knowledge was very extensive and he taught some of
the other students during that unit. Although, Aaron was still working on his study skills
and organization, he was always quick to solve any problems that the class had and

correct mistakes from the teacher.

Spencer is a 10" grade student taking both Algebra2 and Geometry at the same time he
was in the Physics class. He came into the class with the lowest math skills. In science,
he was taking a Bioethics class and had previously taken a physical science class. He was
excited about science and it showed in the questions that he asked throughout the
class. His interest in science fiction usually came up in the questions he would ask.

After describing something that he had seen in a movie or read in a book, he would ask

“Is this possible?” He found it challenging to conduct research or perform an
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experiment on his own. He had the interest in science, but needed to work on the skills

required to pursue it.

Andy is another 10" grade student who was taking a Pre-Calculus class at the same time
as the Physics class. Although he had skipped Algebra 2 course, he was preparing to
take Calculus the following school year from the community college. He had taken
Physical Science and Chemistry the previous year. Andy had a great interest in
computers, computer graphics and programming. At several points during the physics
class, he instructed the class how to make visualizations of certain phenomena and even
helped put together a video on energy. Andy always brought his laptop and i-touch to

class, and tried to avoid writing things by hand whenever possible.

Nathan is a 10" grade student in the same Pre-Calculus class as Andy. He had skipped
Algebra 2 as well and was preparing to take Calculus the following year. Although
Nathan and Andy had the same background, they had different personalities. Nathan
had to write everything that he was doing down. He originally thought about going on
to study mathematics in college, but eventually switched his interests to engineering.
When doing an experiment, Nathan was always the first one to propose new studies by

saying, “What if we did this?” or “Can we try this?”
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Quinlan is an 11 grade student who was taking a Pre-Calculus class at the community
college while enrolled in the physics class. She had also taken the Physical Science class
and the Chemistry class. She took most of her classes in 2011-2012 at the community
college. Quinlan was a little quiet and did not like to give her opinion in front of others.
She was a hard working student and always the recorder for her lab group, organizing

the information in a neat way.

Emerald, a 12t grade student, entered the class with the highest math skills and
executed her independent experiment at the beginning of the unit very well. Her
interest is in music and dance, instead of science where she possessed much of the skills
needed to be successful. Despite some effort to integrate art into math and science
learning, Emerald could not see the two things together. She was an excellent student
in the traditional sense, but had trouble seeing the bigger picture of how the scientific

process affects our daily life.

The instruments described in the next section were only applied to the small charter
school in Oregon City. Only general comparisons were made with the school in
Beaverton through data shared by the instructor. Only aggregate unit test scores will be
presented from the students in Beaverton to compare with data on a similar test from

the Oregon City class.
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Instruments:

Described below are the sources of data from the students at the charter school in
Oregon City, Oregon. The instruments used in this study include: A) a survey assessing
student views of the Nature of Science; B) a content knowledge test (pre and post) on
the subject of modeling data using graphs; and C) an interview with a subset of students
in order to check the validity of the other instruments and obtain more in depth

answers regarding the students’ knowledge, skills and perspectives.

A. Survey: Epistemological Beliefs Assessment for Physical Science (EBAPS)

This survey was developed and validated by Elby, Schwartz, Frederiksen, and White at
the University of California, Berkeley (Elby, 1999). It is a forced choice survey that is
designed to look at student’s epistemologies of science or, in other words, their views
about the nature of knowledge and learning in the physical sciences. The authors
intended the survey for college and high school students in an introductory physics,
chemistry, or physical science class with an algebra-based background. This survey was
chosen because it has been detached from a specific course, unlike many other surveys
that were researched EBAPS focuses almost exclusively on the epistemology and nature
of learning in science. This survey is an excellent fit with the concentration of the

Patterns in Nature unit on science as a process.
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There are five different dimensions that the survey investigates as subscales of

epistemological beliefs. The EBAPS survey probed students in the following areas:

Do the students see science as a structured, unified whole, or

Structure of scientific a collection of disconnected facts and formulas?
knowledge:

Does learning science mean absorbing facts, or constructing
Nature of knowing and knowledge from prior knowledge, working with materials, and
learning: reflecting?

Can science apply only to a classroom or laboratory, or does it
Real-life applicability: apply more generally to real-life?

Is knowledge absolute, evolving as often as peoples’ beliefs,
Evolving knowledge: or changing in a structured, research-based manner?

Does being good at science result from natural ability or can
Source of ability to learn: most people become better at learning and doing science?

Table 2: The five dimensions investigated by the EBAPS survey

Each question is scored on a scale of zero to four. The forms of questions are mixed
between Likert-scale and specific multiple choice response type questions. A score of
zero is considered less sophisticated thinking and a score of four is more sophisticated
thinking. A score of four on a question corresponds with an expert’s level of thinking.
Items are ordered in a randomized way, and the method of scoring is non-linear to take
into account question to question variations. Some of the questions incorporate
neutrality as more sophisticated and some as less sophisticated. Scores are reported in

each sub-category and overall by calculating the average.
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The instrument was validated by the authors based on pilot studies and informal
feedback. One hundred community college students took the survey and included
written reflections for each item on the assessment. Those responses helped to reword

the questions to focus on epistemology rather than other issues.

In terms of reliability, the authors tested to make sure that items in the same sub-
category probe the same beliefs. They emphasize that despite questions being placed in
the same dimension by a researcher, this may not be the case in the students’ minds.
There may be two different ideas in their heads that are activated based on different
contextual clues; therefore a negative emphasis cannot be attached to a student
answering differently in two similar questions. The authors conclude that the categories
should be used as teaching targets rather than categories of students’ beliefs.
Therefore, to test reliability in this study, results of the survey will be tied to results from

onhe on one interviews and the context of the Patterns in Nature unit.

Appendix C includes a copy of the EBAPS

Preliminary study survey: “Student views about science”

For the primary study, a survey was created to measure students’ understanding of the

Nature of Science and piloted in Mr. Hill’s class. Ultimately, after giving the survey to
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Mr. Hill’s students and analyzing the responses this survey was not used in the main
study because scoring it was unreliable. However, individual students’ responses from
this survey were used to uncover some of the ideas about science they were developing
as a result of the unit. Therefore, a description of the development of the survey is still

included.

This instrument used questions selected from two different validated sources and was
adapted for the needs of this study. Neither of the studies examined would have
worked alone because they included several questions not addressed by the unit, and

they were longer than the allotted class time.

Views of Nature of Science (VNOS), Lederman et al. (2002)

Views of Science and Education Questionnaire (VOSE), Chen (2006)

Lederman et al. (2002) explained that the “VNOS was tested for construct validity (i.e.,
capacity of the instrument to measure what it intends to measure)”. The researchers
administered the VNOS to two groups, a novice and an expert group, of nine
participants each. After performing interviews in addition to the pencil and paper
survey, researchers discovered clear differences between the experts’ and novices’
responses concerning the nature of science. As a result, the instrument was modified

and expanded. Then a panel of five experts examined the items for content validity and
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the items were modified accordingly. Profile comparisons indicated that interpretations
of participants’ views as elicited by the VNOS were congruent to those expressed by

participants during individual interviews.

Chen (2006) wrote that the test-retest reliability of the VOSE is high because the
questions are derived from actual student views instead of experts’ opinions. When the
VOSE was given to 24 college students who voluntarily chose to take the test again
three months later, a test-retest coefficient of .82 was achieved. The assessment was
validated by two separate panels of experts and interviews with the students who were
retested showed that only two of VOSE’s 85 questions, neither of which was taken for
the ‘Student Views of Science’ assessment, were interpreted differently from the

researcher.

For the preliminary study, some questions from those two surveys were adapted to fit a
‘ves or no’ format, with space left for the students to explain themselves. Half of the
guestions concern the classroom environment and the other half relate to the scientific
community. Two unit specific questions were developed and added to the adapted
guestions. These were deigned to document if the students’ views of the relationship

between graphs and equations changed.
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After the ‘Student Views of Science’ survey was developed it was examined for validity
by three experts and determined to be measuring what it intends. However, this
guestionnaire used in the preliminary study did not prove to be reliable in its
measurements or in its scoring method when actually used with students. Therefore,
more reliable, more extensively validated study (Epistemological Beliefs about Physical

Science, described in the previous section) was chosen and used in the primary study.

Appendix C includes a copy of the adapted assessment used in the preliminary

study.

B. Patterns in Nature unit summative content knowledge and skills test:

To fully evaluate the unit, this study looked at how effectively the unit teaches the skill
of data analysis. Specifically, the study looked at students’ use of graphical methods
and students’ abilities to apply these methods to different physics principles. This was
achieved by using questions drawn from the assessment normally given at the end of

the unit.

Results from this test were compared to the assessment given at the beginning of the

unit that shows the students’ prior knowledge.
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This unit summary assessment had been used for two previous trimesters in a total of
12 different sections. The test has been examined by three different teachers and
found to be valid. Similar grade distributions have been found in all of the classes that

use this particular assessment, rendering the test reliable.

Appendix D includes a copy of the pre/post-test for the Patterns in Nature

section.

C. Interviews:

Qualitative data was taken in the form of a one-on-one interview following the teaching
of the unit. Interviews were conducted midway through the course, more than a month
after the PIN unit, and involved all of the students in the class. Questioning began with
broad and open-ended queries and gradually became more specific in order to avoid
inadvertently directing the students to specific answers. Each interview lasted
approximately 15 minutes and was recorded via digital audio recorder. Some questions
from the EBAPS survey were repeated and transcripts from the interview have been

compared to those students’ answers on the surveys.
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The students were asked to apply their new knowledge of mathematical modeling and
data-based decision making to previously unstudied situations in physics and other
subjects. Two sets of data involving graphs were given and the interviewees were
encouraged to answer various questions about the mathematical modeling and
experimental process involved in the represented experiments. The students were also
asked to evaluate the class and speculate how they may use the information in their

future lives.

Appendix E includes the line of interview questioning that was asked following

the unit.

Observations:

Observations were taken throughout the class and used to help analyze the data
gathered. They were written down during teacher reflection before the next class
occurred. These observations were subsequently coded into categories related to the

learning goals of the unit and aspects relating to the students beliefs about science.
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Data and findings:

The results are integrated with the analysis for easy understanding. First, the results of

the preliminary study are detailed, followed by the primary study.

Preliminary studies:

The results from instruments piloted in the preliminary study, during the 2010-2011
school year in Mr. Hill’s class, guided the choices that were made for the current study
in Oregon City. The “Student Views of Science” survey that was created and tested was
not deemed an effective way to judge students’ views of science as a process. There is
no way to tell the degree of a student’s judgment in its present ‘yes’ or ‘no’ format.
Additionally, because the students were forced to one side of the arguments,
explanations of their answers were often short and difficult to understand, usually just
repeating the question. This meant that they were not triggered into sophisticated
thought by the question and answer format and subsequently caused a lack of reliability
in evaluating answers. An already validated survey, Epistemological Beliefs about
Physical Science (EBAPS), was chosen to replace it and used unmodified. The EBAPS
survey was researched and determined to be sufficient to use for the study in its

published form.
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Interview questions tested in Mr. Hill’s class were found to be effective and were used
again, unchanged, in the current study. This data was collected and shared via Mr. Hill,
allowing for comparisons between his students from 2010 in Beaverton and the
students in 2011 in Oregon City. Students were able to understand the questions and
answer them. The preliminary study interviewed two students at a time, but it was
found that some of the shyer students just agreed with their partners’ answers instead
of providing their own thoughts and views about the questions. As a result, individual
interviews were performed in the primary study, isolating students’ thoughts from each

other.

Primary study:

The findings are split up into the two aspects of the unit that are being evaluated: A) the

skills of finding mathematical patterns in real data and B) the Nature of Science views.

A. Patterns unit content:

Pre-test modification:

A pre-test, identical to the final test, was given to the class, but the Oregon City students
did not respond well. Students were frustrated and asking, “What does this mean?” and
“What am | supposed to do here?” They did not know how to answer the questions and

consequently were not providing any information about their prior knowledge.
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Explaining the questions in detail would have biased their answers rendering the item
unconnected to their prior knowledge. To prevent disengagement at the beginning of
the unit and risking that attitude carrying through the rest of the class, this test was
stopped. A last minute change was made to the unit plan and the original pre-test was

thrown out and replaced with a new type of pre-test.

Instead, the students were instructed to perform an investigation on their own as
homework after the first class. Their assignment was to show what they think
experiments involve and find their own pattern in nature and then share their findings
with the rest of the students. It was designed to act as a diagnostic assessment of their
experimental skills. This task was met with excitement from the students and provided
much more information about their prior knowledge than the content test. A list of the
students’ experiments and findings is found in Table 3. The rest of the class consisted of

the students working through the inquiry cube activity.

A simple process to assess the students’ level of initial knowledge of mathematical
modeling was developed. Three categories were examined as each student presented
their experiment and each category was evaluated on a scale of zero to two. Zero
represents no current knowledge, one represents some current knowledge, and two
represents adequate current knowledge. The categories are: A) explanation of process,

B) documentation of results, and C) analysis of data.
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Student | Experiment Performed | Findings Notes Level | Overall
Aaron Direct distance to a -Elaborate Experiment A-1 3/6
dot vs. distance on a -Difficulty explaining B-1
monitor when being process C-1
filmed -No data to display
Emerald | Using a hydrometer to | Exponential | -Well documented A-2 6/6
measure salinity vs. process B-2
amount of salt added -Data presented in C-2
graphical form
Nathan Amount of water vs. -Explained process A-1 3/6
amount of time to boil -Only verbal data B-1
Cc-1
Andy Measuring Linear -Explained process A-1 5/6
temperature of water | (with an -Data in graphical form B-2
on a stove vs. time. upper limit) C-2
Spencer | Basketball drop height -Explained Process A-2 4/6
vs. bounce height -Presented gathered data | B-1
-Speculated pattern C-1
Quinlan Number of ice cubes in | Linear -Well documented A-2 3/6
water vs. volume process B-1
change -Data in table form C-0

Table 3: Diagnostic Test Experiments

Although not all of the students made it past the point of collecting data, this task
provided an opportunity to discuss the experimental process and possible ways of
analyzing data. Only two of the students presented their data in a graphical form to
analyze the pattern. The others only speculated about the pattern from the data or
from their feelings about the experiment. None of the students fit an equation to their
collected data by hand or using technology. The class discussion involved talking about
finding patterns in the data and then using them to predict inside and outside the range

of the results. This proved to be an interesting conversation considering two of the
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students had data that was bound by a limit. The class tackled the question “Can an

experiment follow more than one mathematical pattern?”

The discussion ended with a talk about the reliability of the data. As a group, the class
brought up possible variables that might have affected the results and the ability to use
those findings to predict new results. Generally, the students were quick to come up
with other variables that they could have controlled, but they were uncomfortable
speculating about how their data could be modeled. The students did not seem to fully

understand how their data could be used to make predictions about future results.

After summarizing this pre-test/diagnostic assessment, the students possess some
experimental method skills, but not mathematical modeling skills. Despite the major
differences between the new assessment and the post test, results from the post test
can still be compared generally to this data to show student growth in both the areas of
experimental skills and mathematical modeling. The new method of assessing prior
knowledge turned out to be a good way to increase student learning as well and it may

be advantageous to use this type of a post-test as well.

The Pattern In Nature unit was also taught by Bradford Hill, the developer of the unit, in
the spring trimester of the same year as this study. He was able to give his standard

pre-test to his students without any difficulty. The large class size may have played a
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role in this different outcome. Large classes create more of a lecture room atmosphere
where students can feel discouraged from asking questions. It is also possible that the
standard pre-test from this class does not accurately represent his students’ actual prior
knowledge either. More studies would have to be conducted using both types of

assessment to know for sure.

Post-test:

Data from Bradford Hill in Beaverton:

Aggregate data from Mr. Hill’s class shows the grade distribution from his pre and post-
test. His class included scores from 36 students. He was able to give very similar pre
and post-tests without any issues, allowing for a simple comparison. The change is
clearly visible in the graph. The number of C’s, D’s and F’s decreased while the number
of A’s and B’s increased. This shows that in his classroom environment the students are

gaining the content skills that Patterns in Nature seeks to teach.
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Figure 1: Pre and Post-test scores of students on the Unit Test from Mr. Hill’s class.

Inter-class comparison:

The post-test from Mr. Hill’s class and the primary study class were nearly identical, and
only differed by a few questions concerning conversions, which was not a specific

learning goal of the PIN unit. Therefore it can be assumed that similar knowledge gains
happened in both classes. However, the scores from the two classes cannot be directly

compared because of the discrepancy in sample size.

The primary study class only had scores from six students, as opposed to the 36
students in Mr. Hill’s class. Despite this, the number of A’s and B’s in each class were
greater than the number of C’s, D’s and F’s. Additionally, both of the classes were
graded using a ten point scale and did actually have the same average grade of 81%.
These similarities support that PIN was taught effectively in two different classes by two

different teachers, but exact knowledge gains are difficult to show.
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Pre/Post-test comparison in Oregon City:

Once again, in the primary study, the pretest was replaced by a diagnostic assessment
of the students’ experimental method and data analysis skills. Due to the drastic
differences in the type of assessment these two items cannot be easily compared.
However, it is valid to make a general statement about how well the students did on

each instrument and compare the overall scores.

Most students that scored well on the pre-assessment also scored well on the post-test.
Some of the students showed greater change than others, but the two tests are overall
difficult to compare directly. The two tests were in a very different format and did not
quite test all of the same aspects of mathematical modeling and scientific investigations.
The most important finding from the pre-test is that none of the students represented

their data graphically or developed an equation to fit the data and predict future

measurements.

Diagnostic
Name Assessment Post-Test Scores

Points Points

(outof6) | % (outof 18) | %
Aaron 3 50% 13.5 | 75%
Emerald 6| 100% 17.5 | 97%
Nathan 3 50% 15.5 | 86%
Andy 5 83% 15.5 | 86%
Spencer 4 67% 11| 61%
Quinlan 3 50% 145 | 81%

Table 4: Pre and Post content test scores for each student.
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Post-test results in Oregon City:

When looking at just the score on the post test, one student’s score was lower in
comparison with his peers. This can say one of two things: either everyone in the class
except that student showed a knowledge gain, or everyone maintained a constant level
of knowledge while that student showed a decrease in knowledge. A conjecture like
this can be made assuming there was no knowledge increase from the student, and that
the other students did not decrease their knowledge. Knowing the results of the pre-
test, the first option seems like the best choice. Spencer came into the class with the
lowest level of math background, and seems to have also left with the lowest level of
math modeling performance. However, this is an oversimplified view and one needs to
look at the specifics of the test to see exactly where these students struggled. Figure 3

shows results from each question on the test.

Post-test item analysis:

Overall, there were five questions where every student answered correctly. The rest of
the questions had at least one student answer incorrectly. What follows is a breakdown
of the exam by question. The results will be used as a guide to identify which areas of

the curriculum need to be strengthened for the next iteration.
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Content Post-Test Questions

Qa1
Q2
Q3
Q4
Qs
Q6
Q7
Qs
Qs
Q1o
Q11
Q12
Qi3
Q14
Q15
Qile
Q17
Qis

Figure 2: Content test results, the number of correct answers by question.

For the content test graphic, one point was given per question; there were six total
students tested and a score of six means all of the students got that question correct.

Half points were awarded for some of the questions.

Table 5 shows the topics of each question on the content test, and summarizes the

changes recommended as a result of student performance. A copy of the test showing

all of the questions can be found in Appendix C.
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Questions Topic Future Change

1,2,3 Variable Types None

4 Average and Uncertainty None

5 Plotting Data and Uncertainty Add specific tasks where the students draw
their own uncertainty lines. Needs to be done
at the beginning and end of the unit.

6 Best fit Line, Pattern Complete cross-curricular lesson on drawing

Identification graphs from data and equations.
To assess, give equations to graph and match to
the data identifying which of the given
equations is the best fit for the data.

7 Data Based Conclusion Possibly require students to make a prediction
for a value of a new data point taken either
inside or outside the data.

8,9 Pattern Description Emphasize that variables have units.

10,11 Pattern Identification None

12,13,14 Conversions Make different graphs where only the units are
changed, observe differences and similarities in
shape and scale.

15,16,17,18 | Pattern Create and Describe Provide more opportunities to describe

mathematical relationships using words.

Table 5: Content test questions categorized by type of knowledge, accompanied by a summary of
potential changes.

The first mathematical question, (Q4) had the students find the average and uncertainty

of given data. Only one student answered this question incorrectly, but when required

to graphically represent that data other students also had difficulties. The following

guestion (Q5) asked the students to graph the previously given data. They were

required to show the data points and the error bars. Four out of the six students lost

points on this question. The most common mistake was forgetting to draw in the error

bars with the data.
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Based on the results of these questions, the students do not quite see the connection
between keeping track of uncertainty and showing it on their graphs. Throughout the
unit, the students keep track of both their data and uncertainties on their tables, but the
program ‘Logger Pro’ places them both in the graph. While the students are told to
make the best fit that they can manually, there is still a mysterious quality to the way
that the computer produces an equation. It is possible that this prevents them from
making a connection between their data uncertainties and the ones on the graph.
Perhaps when they make their predictions the students should be told to incorporate
their uncertainty values in the predicted outcome. While teachers cannot avoid using
computer software to make appropriate mathematical models for this grade level, they
can try to make a smoother connection between the real data and the equation

produced.

Another troublesome question (Q16) occurred in the last section of the test where the
students were required to describe all four patterns in multiple forms: graphically,
mathematically, and in words. All of the students except for Spencer correctly recalled
the mathematical descriptions of all four patterns. There were more difficulties on the
descriptions of the patterns with words than anywhere else. As a group, the students
had the most trouble on the quadratic pattern, the subject of Q16. Here two of the six

answered correctly and one student received half credit. Most of the students who
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answered incorrectly went on to make similar mistakes with all of the following

guestions in this section.

A summary of individual results of Questions 15-18 describing the patterns in words can
help to conceptualize the way that the students understand the mathematical
relationship that they are working with. Here it is clear that they understand the
difference between increasing and decreasing, but they do not quite understand what is
happening as the rate is increasing and decreasing. From these descriptions one can tell
that recalling symbolic relationships does not mean that the students can comprehend
what is happening to the two variables. Admittedly, this is difficult to do without a
physical relationship to relate to, but that is part of the reason for asking the question
this way. In this format, the students need to bring in the physical relationship on their

own.
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Question format: As x increases in regular intervals, then y

Student Question 15 Question 16 Question 17 Question 18
(linear) (quadratic) (inverse) (inverse squared)
Aaron Gets larger Gets much larger | Gets smaller Gets much smaller
Andy Grows linearly Grows at a Decreases by a | Decreases by a
squared rate steadily squared
decreasing decreasing
amount amount
Nathan Gets larger Doubles Halves / Gets Gets divided by
divided by the the square of x
same as X
Spencer Straight line, Gentle curved Backwards Don’t know,
Grows x 2 line, Grows x 4 gentle slope, Shrinks x 4
Shrinks x 2
Quinlan Gets larger Doubles Decreases by Decreases by one
half fourth
Emerald | Increases atthe | Increases tothe | Is divided by x Is divided by x
same rate square of x squared

Table 6: A comparison of answers from different students to the last 4 questions of the content test.

As a note from this test, although most of the students did well on writing the

conclusion based on the data (Q7), they were given the option to use a scaffold

conclusion and fill in words and values, or to write the conclusion in their own words.

All of the students used the scaffold conclusion to describe the results. Perhaps this

supports the fact that students lack the ability to sufficiently describe the resulting

mathematical pattern in words, or maybe the students just chose the option that

involved less work. Nevertheless, describing relationships between variables in their

own words was also a common difficulty for students during the interview.
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Interview questions on Patterns in Nature unit content:

Table 6 shows students’ answers to the questions in the interview regarding the pattern
identification. They were asked to look at one of two scatterplots that included a line of
best fit and then required to answer a few questions about what they saw. Originally,
the students were going to answer both questions listed below, but time only permitted
one per student. Different questions were asked of different students in an attempt to
confirm that students understood both simple, logical and more complex, unfamiliar
mathematical patterns. The question that was asked of each student is shown by the

number beside the name in the table.

1) - Here is a plot developed by a computer scientist trying to determine the relationship
between the number of words and the number of pages in a book, each point on the
graph represents a different book.

(a linear relationship)

2) - An engineer is developing a crane equipped with a magnet for lifting wrecked cars.
Here is her plot of the weight of the car vs. the distance between the magnet and the car
to lift it off the ground.

(an inverse relationship)
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What sort of relationship does this line

Describe it in plain words.

represent?
Andy Linear... If one of them changes in the positive
(2) direction, the other one changes in the
positive direction.
Spencer | It would be a linear fit because all of them It doubles, it just goes up and up and
(2) are pretty much close to each other goingin | up and up.
the same direction. (- What do you mean by
that?)
They are all really close to each other as
they all travel along the line.
Aaron Pretty much a straight line. Starting at (0, 0) | If you double the number of pages, it
(1) and going up. A positive relationship. [the words] would probably double
too.
Quinlan | It looks kind of like an inverse It would get doubly smaller. Itis hard
(2) to tell... If it is heavier it will get twice
as small.
Emeral | | remember lines of best fit, but not the ‘X’ is the weight of the car, ‘Y’ is the
d(2) name... Maybe inverse? magnet distance. (- As the weight of the
car increases, what happens to the
other variable?)
Decreases. (- If you double the mass,
using your inverse relationship, what
happens to your magnet distance?)
It is divided by...2.
Nathan | | would say an inverse equation... It would decrease by %. So like if the

(2)

distance was 10 meters, it would go to
5 meters.

*(A question in parenthesis is a clarifying question asked by the interviewer.)

Table 7: Students’ answers to two of the mathematical patterns questions in the interview.

Among the students’ responses there was no uniform description. While all of the

students correctly identified the relationship that existed between the two variables,

many experienced difficulty describing exactly what that meant in plain words. In

response to the question the students were expected to make a statement along the

lines of ‘If the x variable does

, then the y variable does

,’ filling in the blanks
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with the correct mathematical words. However, they struggled to articulate exactly

what was happening in real-life.

For instance, Emerald, who is one of the students with the strongest math skills had
trouble remembering the name of the relationship, and then had to be led to the
description of the relationship in words. This confirms that complete mathematical
modeling understanding, in terms of literacy, is a possible weakness in the PIN unit. If
the interview had included a question about a quadratic or an inverse squared
relationship, the areas where the students had the most trouble on the unit test, it can
be safely assumed that the students would have had even more difficulty articulating
the relationship. They simply need more practice writing descriptions of relationships

between variables.

From observations during the first few days of class, whenever the students discussed
other patterns they noticed in the world around them, they most commonly named
linear patterns. There were even several misconceptions about what a linear pattern
was. Much of the relationships that the students understand are simply increasing or
decreasing, and they often do not think about the rate of change varying. Considering
this, it makes sense that there would be more difficulties with the unfamiliar patterns

that form curved lines like quadratic, inverse and inverse squared.
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Summarizing the results of the content test brings to light the ability of the students to
quickly identify patterns visually, but also shows how they seem to lack the capacity of
describing relationships in their own words. The simple solution is more practice.
Throughout the unit students are introduced to each pattern individually so they have a
specific experiment to remember when they are identifying patterns in data. The
students come up with a conclusion, identifying the relationship between the variables
and predicting a future measurement, but results show that they do not get enough
opportunities to describe the mathematics of the relationship in words. The student
conclusions need to explicitly include an emphasis on describing what is happening to
the independent and dependent variables and they need to be given more chances to
do so. The unit could additionally incorporate mathematical and scientific literacy, or an
emphasis on vocabulary, to instruct the students how to explain a mathematical

relationship verbally.

Regardless of what these results hint at, they are uncertain enough that it is necessary
to develop better ways of testing the skills taught in the unit. A more authentic type of
assessment, similar to the diagnostic assessment, might shed more light on the
students’ difficulties in the aspects of the Patterns in Nature unit. The students could be
given two related variables and told to investigate and describe the relationship
between them. The observation and written evidence of the students’ experiment

provide the evidence of learning. Authentic assessments like this have the advantage of
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providing much more information about students’ thoughts. If a teacher has the time
and a small enough class, then they would certainly learn more about the students by

using this assessment at the end of the unit.

B. Nature of Science and science process findings

Epistemological Beliefs Assessment for Physical Science survey (EBAPS):

The survey was given on the first day before any instruction, and also on a date
following the unit before the interviews. Table 5 shows the compiled results of all the
students averaged. The surveys consisted of 30 questions all assessed on a scale of one

to four, where four is the ideal response, all of these scores were then averaged

together.

Pre

Test | Post Test | Difference
Whole Group
Average 2.79 2.98 0.19

Table 8: Averaged results from all of the students on the EBAPS survey before and after the unit.

The overall performance improved from the beginning to the end of the unit. Asa
group the students were closer to expert-level thinking in the nature of scientific

knowledge and investigation after they experienced the Patterns in Nature unit. The
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improvement was slight, but noteworthy. Statistical significance was not tested due to

the small sample size.

The EBAPS survey also categorized the questions in terms of five interlinked dimensions.

These categories were created by the authors as a way to describe specific issues that

students may be facing in their beliefs about science. Some questions on the survey are

included in multiple categories, and a few are not included in any of these categories.

Table 6 is a brief summary of the ideas covered by each category. Figure 4 is a graphic

of how the class performed in each category.

Structure of scientific knowledge:
Q2, 8,10, 15,17, 19, 20, 23, 24, 28

Do the students see science as a structured,
unified whole or a grouping of disconnected
facts and formulas?

Nature of knowing and learning:
Q1, 7,11, 12,13, 18, 26, 30

Does learning science mean absorbing facts or
constructing knowledge from prior knowledge,
working with materials, and reflecting?

Real-life applicability:
Q3, 14,19, 27

Can science apply only to a classroom or
laboratory, or does it apply more generally to
real-life?

Evolving knowledge:
Qs6, 28, 29

Is knowledge absolute, evolving as often as
peoples’ beliefs or changing in a structured,
research-based manner?

Source of ability to learn:
Q5, 9, 16, 22, 25

Does being good at science result from natural
ability or can most people become better at
learning and doing science?

Table 9: Categories for EBAPS questions.
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Elby, Schwartz, Frederiksen, and White (1999) stress that these categories should only be used to
inform teaching strategies and not to analyze student thinking. In the students’ minds the ideas on
similar questions may be divided differently by contextual clues.

4.000

EBAPS Assessment Results

3.500

3.000

2.500

2.000
Havgpre

1.500
M avg post
1.000

0.500

0.000
Structure of Natureof  Reallife Evolving  Source of
Knowledge learning Applicability Knowledge abilityto

Learn

Figure 3: Average scores of the class in each category of the survey on a scale of zero to four.

The EBAPS test key, organized by category can be found in Appendix C.

Although the students did not average very close to the expert-level thinking in any of
the designated categories, the students seemed to maintain or gain in every category
except one. Inthe ‘Source of ability to learn’ category the students averaged a high
score, but the overall average of the students declined slightly. In the ‘Structure of
knowledge’ category the students averaged the lowest score, but improved the most.
To understand both of these results fully, a closer look needs to be taken at the

guestions in each category.
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EBAPS item analysis: ‘Structure of knowledge’

On the survey, this category contained more questions than any other. Ten out of the
30 questions belonged to this subset (questions: 2, 8, 10, 15, 17, 19, 20, 23, 24, and 28).
The structure of knowledge is important to the researchers who created the EBAPS and
it is also important to the Patterns in Nature unit, which is designed to highlight the
structure of mathematical relationships that provide the connections between physics
topics. Almost all of the students showed improvement in this category. Only Emerald
showed a slight decrease in the category. Although there are too many questions in this

category to look at individually, there are several aspects which merit special attention.

An important question in this section was Q15. It asked the students to agree or
disagree in a statement that said knowing methods to solve specific types of questions is
important for most regular problems while knowing the big ideas are not. Three
students disagreed with the statement on the pre-test, and then changed to agree on
the post-test. Andy went from neutral to disagree, and Nathan disagreed on both tests.
Emerald on the other hand was neutral on the pre-test and then agreed on the post-
test. For her, somehow the big ideas were devalued during the course of the unit and

now she agrees that they are not very important in most physics problems.
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Another question in the category (Q23) asked the students about the best way for a
teacher to see how much they know. Students have to choose between a large number
of short-answer and multiple choice questions, each covering a different topic, or a
small number of longer questions that cover multiple topics. Ideally the student should
choose the latter, but in answering this question many of the students favored the
multiple choice questions. This is most likely because there are several of the students
who are in large community college classes where they use that style of questioning on
their tests. When looking who answered that way, it was Emerald, Andy, Nathan and

Quinlan, who were all in community college classes at the time of the unit.

One final question to look at in this ‘Structure of knowledge’ section was one that talked
about the structure of science textbooks (Q24). In the question two students have a
debate and those answering the question are asked to choose who they agree with.
One student says that they should not treat each chapter as a unit because they are not
really all separate, while the other student says that they chapters are different topics
that do not have much to do with each other. Most students agreed with the first
opinion, that science topics are interrelated, on both the pre and the post-test.
However, on the pre-test Nathan and Spencer both thought that chapters in a science
book should not be interwoven, and then changed to agree with the rest of the students

at the end of the unit. This result helps to show that at the end of the Patterns in
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Nature unit, all of the students in the class can see how all of the topics in a science class

are interrelated.

In this category, students generally improved the most because the majority of them
saw the importance of the big ideas and interconnectedness of all the topics in the
textbook. Some students could not see why longer questions covering more than one
topic in physics would be a more effective way for the teacher to assess their
knowledge. This might be related to the other types of classes that they are enrolled in,
but when looking at the assessments in PIN, there are not a lot of these types of
questions. Multiple choice questions are non-existent and most of the questions are
short, one topic questions. This may support changing the types of assessments used in

Patterns in Nature.

EBAPS item analysis: ‘Source of ability to learn’

Looking at the test, five of the 30 questions fit into the ‘Source of ability to learn” subset
(questions: 5,9, 16, 22, and 25). The first question (Q5) talks about the ability of
studying to make a difference in a student’s understanding of the material. All students
agreed with this statement on the pre-survey, and only two changed their answer on
the post-survey. One student changed from ‘strongly agree’ to ‘somewhat agree’, and
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another did the opposite, changing from ‘somewhat agree’ to ‘strongly agree’. Results
from that question support the notion that students believe anyone can learn science

through studying.

The second question of the section (Q9) reiterated the point of Q5, saying that someone
who doesn’t have natural ability can still learn in a physics class. Once again, most
students agreed with the statement, and kept their opinion the same from the pre-test
to the post test. One of the students changed their answer from ‘somewhat agree’ on
the pretest to ‘neutral’ on the post test. This student, Emerald, had the best grade in
the class and very good work habits, but for some reason still changed her beliefs.
Before the PIN unit she thought that someone without natural ability could still learn
physics, but following the unit she is not sure that someone who does not have the right
background could succeed in physical science. A closer look will be taken later at
Emerald. Overall, she seemed to lack confidence in her scientific abilities at the end of

the class.

When considering the answers of everyone but Emerald, it seems that the class has

direct influence on maintaining a student’s belief that scientific knowledge does not

depend on natural ability.
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The next question, (Q16) in the ‘Source of ability to learn’ series (Q9), once again asked
the same thing in a slightly different way. The question states that “Given enough time,
almost everybody could learn to think more scientifically if they really wanted to.” This
guestion gets at the heart of the issue by eliminating the constraints of classroom from
the students’ thought processes. Results were very similar, and all students agreed with
the statement on the pre-test; however, on the post-test one student drastically

changed her opinion from ‘agree’ to ‘strongly disagree’.

All other students answered as they did on the pre-test, but Quinlan did not. According
to her answers, she no longer thinks that almost anybody can learn to think more
scientifically if they have the time. Her answers of agreement to the previous questions
suggest that she thinks that people can learn to do well in a physics class through
studying even if they do not have a natural ability. This disagreement in results can
either show that she did not answer all of the questions carefully and truthfully, or that
she does not believe that there is a correlation between physics class and scientific
thinking. She thinks that in the classroom anyone can succeed and learn (Q5), but when
the classroom aspect was eliminated from the question she disagreed (Q9), thinking
that not everyone can learn to think scientifically. If that is the case, then the Patterns
Unit did not accomplish all of its goals with Quinlan because she cannot see the
connection between the classroom and the real world. However, her score in the

category ‘Real life applicability’ did improve slightly and this complicates our view of her
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thought processes. In the interview results a closer look will be taken at Quinlan’s

answers to support this statement.

Continuing with the EBAPS results, the next question in the subset (Q22) was asked in a
different manner. Students were asked to choose between a series of statements that
compared the roles of hard work and natural ability to being successful at science.
Almost all said that hard work was more important than natural ability, except for two
students. Quinlan stated on both the pre and post-test that hard work and natural
ability are equally important. It does not appear that the unit changed her opinion at all
and she still considers natural ability an important part of science success. While it is
debatable that this may or may not be true, the correct response favors hard work, and
favoring natural ability is not the result that one would expect from a student after
experiencing a unit about the scientific process where it is clearly stated that all
students can be successful in science. Spencer, another student, also considered hard
work and natural ability equal influential factors in science success on the pre-test. His
opinion however, changed on the post-test. After experiencing the Patterns in Nature
unit, Spencer now believes that hard work is more important than natural ability.
Spencer was a hard working student that did not have as much mathematical
background as the other students. Perhaps the successes that he experienced

throughout the unit influenced his opinion of his own scientific learning.
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The last question relating to ‘Source of learning ability’ (Q25) talks about exactly the
same issue as the previously discussed question. In this question, a conversation
between two students is described where they debate the role of hard work and natural
ability in career success. One student takes the side of hard work, and the other sides
with natural ability as they discuss how Kay Kinoshita (a well renowned particle
physicist) became such a good physicist. Once again, most students sided with the
student arguing that hard work was most important, but two students changed their
opinion on the post test. Spencer went from favoring hard work to ‘neutral’, and
Quinlan went from favoring hard work to favoring natural ability. Spencer’s change in
opinion shows the exact opposite change from pre to post as Q22, possibly influencing
the reliability of his answers. However, it is clear that there is still some debate about
the issue in his mind. Quinlan, on the other hand, has changed her answers from
favoring hard work to favoring natural ability two times. She had some negative

influence in this area over the course of the unit and shows this on the survey.

It seems as though most students in this class understand the importance of good study
strategies and hard work, agreeing that with the appropriate amount of effort any
student can succeed in science. One student in the class, Quinlan, did not see the value
of her hard work, after progressing through the Patterns unit. She now believes that
natural ability can play an important role in science learning. This is the opposite result

that is expected after experiencing the Patterns in Nature curriculum. In certain
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circumstances in the real world this may be true, but teachers cannot support this view
if they want to give their students every chance to succeed in their classroom. It is
important to note that PIN encourages all students towards science success through
hard work. Quinlan may have been answering the questions about her own
performance, or the performance she observed from others in the class. The exact
reasons for her answers are not known, however, the result shows that not every
student interprets success in science in the same way. Teachers need to make sure they
highlight the successes of every student throughout the teaching of any unit.
Additionally, teachers need to make sure they are explicit about showing the success
that can come from hard work and that scientists are not the only people that use
science. In the future it may be helpful to make this clearer in the survey. In summary,
while natural ability may be a head start for some students, it alone does not govern a

student’s ultimate success in science and teachers need to help them see that.

EBAPS item analysis: Other categories

In the survey there are a few other questions to point out where there were some

varied opinions among the students’ answers.
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One question where the students’ responses did not match up to the EBAPS
assessment’s standards was Question 2. This question asked them to agree or disagree
with the statement, “When it comes to understanding physics or chemistry,
remembering facts is not very important.” Every student in the class disagreed with this
statement on the post-test, while the test key agrees with the statement. Realistically,
students can retrieve any information very quickly from various resources, and because
of that teachers deemphasize memorization in the classroom. While the students do
not need to memorize formulas and constants in Patterns in Nature, they do need to
remember the basic relationships and patterns and apply that to what they see in the

data.

It is possible that the meaning of ‘facts’ is different for the students and the authors of
the EBAPS. The students are thinking more about overarching themes and concepts
when they mention the word because that is what they needed to remember for the
PIN assessments, whereas the authors are thinking about formulas, constants, and other
information that would be fed to students in a more traditional science class. This
guestion should be rewritten when this survey is used again, to define the meaning of
the word ‘facts’ for the students as either laws, concepts, and relationships or as
equations and constants. Including another question may help to explain this confusion

between the survey authors’ thoughts and the students’ thoughts.
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The question that saw the most change from pre to post-test was near the end of the
survey (Q29). In the question, a conversation was described where two people debated
about the absoluteness of scientific theories and the students were asked to agree that
scientists regularly change their theories or to agree that scientific theories are very
rarely altered. The ideal answer was a balance between the two. This question sheds
some light on the reason that the authors think that facts do not need to be memorized,
because they see science as a field that can change. Answers from the students varied
greatly and they all changed from the pre to the post-survey. Only Aaron maintained his
opinion from the beginning to the end of the unit, believing that “while theories
regularly change, advocates of the opposite opinion makes some good points.” This is
not exactly in the middle, but still a balance of the two opinions. The other students
seemed to jump back and forth from one opinion to the other, neutral to one opinion,
or one opinion to neutral. This subject is not made very clear in the Patterns unit, as
there is not a lot of discussion about current issues in science. That is something that

should be improved for future iterations.

EBAPS results summary:

Generally, the students improved the most on the questions that had to do with the
structure of scientific knowledge. They are moving away from the view of science as

weakly connected pieces and towards science as big ideas and themes that permeate
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multiple aspects of society. One of the main purposes of the Patterns unit is to provide
a general scientific framework for students to use in future investigations, supporting
science as a process. Without the view of science as an interconnected method of
study, the unit would be nothing other than a few unconnected experiments. Here the
mathematical pattern is the structure around which students build their views of
science. The interview questions show how the different types of students make the

connection between science and the rest of their lives.

Interview questions on Nature of Science and science process:

Highlighting the answers of two different students whose opinions of science changed in
opposite directions, according to the EBAPS survey, and comparing them shows the
differences that occur in the way two types of students beliefs are affected by the
Patterns unit. Emerald was the only person to decrease overall; she showed an overall
slight decrease in the sophistication of her answers on the survey from before the
treatment to after. She was at 2.92 before the Patterns unit and 2.82 after, a decrease
of 0.10. Spencer showed the largest overall increase in the survey score. He, on the
other hand, showed an overall increase from 2.42 to 2.85, an increase of 0.43. The
following table compares their answers to the Nature of Science questions in their

individual interviews side by side.
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Question

Spencer’s answer

Emerald’s answer

What is Science?

An explanation of facts! Itis
explaining things that previously
we explained in less sensible
ways. For example, when god is
angry lightning strikes. That
makes less sense than friction
caused by air masses moving
against each other. | view it as
explaining things and fueling our
curiosities. It is our tool.

| don't like those kinds of
questions...l guess it is trying to
answer questions about the
world using experiments and
observations.

If you were to repeat the
experiment, would you
expect to come up with
the same results? Please
explain why or why not.

Generally every time. If | don’t
then either my original
experiment was flawed or | did
something wrong.

Not the exact same. | would
hope for the same results. |
would not expect the exact
same results, because you have
that uncertainty and because of
human error. That would be
really hard, unless maybe you
have computers doing it for
you.

How is the information
given in a graph similar to
or different than the
equation of best fit?

Well the best fit line just goes
straight through it. It is not
accurate to all of the points
exactly, it is accurate to the line
that all of the points make.

If you had a margin for error,
like error bars, it would be
more true to life because the
best fit is just that. The line
does not give you the sense for
minor jumps or bumps in your
data, idiosyncrasies.

Why is it better for
someone to use these
graphs to make a data-
informed decision than for
them to simply make a
wild guess?

Graphs are a very nice visual
aide. A guess has a very high
margin for error.

Because they are more exact. (-
Why?) Because they use data
from past experiments to graph
how it will happen further along
in the future. | am no good at
this... (- You are doing great)

You have developed the
skill of interpreting graphs
as a relationship between
two variables. Can you
see yourself using this skill
in future? If so, how?

My dad and | like to do random
science experiments about
anything from transportation to
light speed travel. If we actually
get to do something along those
lines and graph it, that could be
helpful for us learning how crazy
or super cool it could be. (-What

| have to use it in math, and you
have to use it in business. |
don’t plan on becoming a
scientist. (- Do only science
people use graphs?)

No, business people use graphs
too. Scientists use them more; |
don’t think you use them very
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is an example of something you | much in music. | want to know
do?) how a musician would use a
We try to prove if warp, on Star | graph.
Trek, would be possible. (- Maybe if you are fixing your
Although there are so many instrument you could use them.)
things that we don’t know that it | | guess the wavelengths you
kind of makes our findings could graph. (- Or if you
invalid. wanted to build your own
instrument.)
| am not sure you would need a
graph.

*(Questions in parenthesis are clarifying questions asked by the interviewer.)

Table 10: Answers of two students to the Nature of Science questions in the interview.

A little background on each student will help understand the results. Referring back to
the participants section, Spencer had low math skills and a high interest level in science,

whereas Emerald had strong math skills and a low opinion of science.

The first question asks them to define science in their own words, and immediately the
differences in their attitudes towards science appear. Spencer is excited to answer the
question, while Emerald remarks that she hates those types of questions. Despite that
difference, they both answer the question in the same basic way, defining science as a
tool or method that we use to try to understand things about the world. They continue
to answer the questions similarly each time, Emerald with a little more sophistication in
her responses than Spencer; however, Emerald has a lack of confidence in her answers.
The last question asks the students how they see themselves using the content that they
learned throughout the PIN unit in the future. Spencer quickly made the comparison to
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something that he does often in his free time. Emerald had difficulty seeing this
material used by anyone other than scientists, and she could not see herself using it in

the future.

Quinlan, another student with a strong mathematics background, has similar results to
Emerald on the interview questions. She also was unsure of her answers and took a
long time to respond to questions. In the last question, about using PIN skills in the
future, Quinlan showed an interest in a non-scientific career (business) and had trouble

seeing how Patterns could play a role.

Despite specific applications to everyday life mentioned throughout the unit, such as
miles per gallon graphs and words per page, a few academically strong students could
not see how to use mathematical modeling in the future. Their interests in science
remained low and they were not confident in their abilities. This is something that

needs to be addressed in the next iteration of the unit.

This discrepancy found between students like Quinlan, Emerald and Spencer is a great
example of why a mixed methods approach to educational research is necessary, and a
great example of why educational research is necessary at all. Typically the only data
that a teacher records is quantitative data from summative assessments. If they did

that with these two students, the only thing that they would see is that Emerald
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performed ‘well’ before and after the unit while Spencer performed ‘not so well’ before
and after the unit. The rich information that can be gathered from a survey or an
interview can help to paint the detailed picture of what is happening in the students’
minds. By analyzing that picture teachers can see what the students think about what
they are learning. In a typical design-based research project, there needs to be multiple
forms of data gathered and with the use of the EBAPS survey and the interview
guestions, statements about students’ knowledge, understandings and views can be

made.

Summary of Results:

The Patterns in Nature unit sought to teach the skills of mathematical modeling to high
school physics students by enforcing the idea of science as a process. This study is an
effort to see how successful the unit was at accomplishing this goal. Additionally,
another goal was to see how the unit affected the students’ beliefs about the Nature of
Science. Multiple techniques were used to evaluate changes in students’ beliefs. These
included: a pre and post unit test, a survey administered before and after the unit, and

an exit interview.

Patterns content knowledge:
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In terms of the summative unit test, students’ performance on the pre-test and post-
test were difficult to compare. Student test data from Mr. Hill’s large public school class
showed improvement from before to after the unit. In the small class at the charter
school the students did not show their prior knowledge on the pre-test, and an adapted
assessment was given to them. This adapted assessment was designed to show the
students’ experimental process, data analysis, and mathematical modeling prior
knowledge. As a consequence, it could not be directly compared to the test at the end
of the unit. That modified pre-assessment showed that students had little knowledge of
applying patterns to data. Then, in the post assessment these students were able to
quickly and accurately identify mathematical patterns in data and on graphs. Most were
even able to remember the equations that go along with those patterns. However, of
the students in the studied class, most had difficulties correctly creating and describing
mathematical patterns that had a pattern other than linear. This is in agreement with
studies, (Doerr, 1995; Sherin, 2001) which found that students had the most problems
studying and understanding curved lines. A strong mathematical background helped in

creating and identifying patterns, but not in describing them with words.

The interview supported those findings from the post-test as describing the relationship
between the variables in plain words was difficult for the students. The conclusions
where students were require to do this had strong scaffolding at the beginning of the

unit, and by the end of the unit students are only beginning to write their own
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descriptions of their results. The unit provided only a few opportunities to practice
doing this, and needs to provide more in order for the students to become literate with

the patterns they studied.

Nature of Science and science process knowledge:

The Epistemological Beliefs for Physical Science (EBAPS) survey was administered before
and after the Patterns in Nature unit. Results showed that the unit helped the students
improve in their awareness about the structure of scientific knowledge, the nature of
learning, the real life applicability of science, and the evolving aspect of science. The
largest of those increases occurred in the structure of scientific knowledge, the essence
of the Patterns in Nature unit. This is a positive result, as other studies (Wieman 2005)
show the structure of students’ knowledge to be an important part of their
understanding of the content. The survey however, showed a decrease in the students’
ideas of the nature of their ability to learn. This decline from pre to post unit was traced
to two students who, in some questions on the survey, changed from believing that
hard work was most important in learning to believing that natural ability plays a bigger
role in science learning. After analysis it was found that they could see success in science
class as different from success in science in the real world. This result is in contrast to

Wieman (2005) who concluded that student beliefs about a subject are dependent upon
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their understanding of the material. Although these two students received good grades
and understood most of the material, this did not help them see themselves as
successful scientists. It is difficult to tie this result to any particular part of the unit, but
it likely shows a lack of confidence in the student’s ability to learn science on his or her
own. ltis a goal for the PIN unit to show all students how they can succeed in science
and this result needs to be corrected in future classes. The result could be related to
how difficult they found the class, the lack of independent work that was required of

them, or their views of real world science.

Interview questions concerning the Nature of Science and science as a process were also
asked at the end of the unit. Students responded in similar ways as they gave their own
definitions of science and described the key aspects of the scientific process, showing
that they possessed adequate knowledge in the area. There was some variance in
students’ answers to questions about how they would use the skills which they had
learned in the PIN unit later in their life. Some struggled to see the connections to real
life. Many associated the ability to mathematically model data and make predictions
with scientific careers. Half of the students also mentioned computer science,
mathematics, and business careers. A small number of students incorporated the use of
this skill into their daily life activities. Work needs to be done to make the mathematics
and science learning more relevant to the daily lives of the students and to convince

them that science can happen in any career (Lederman, 2002).
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Implications of results and recommendations for changes to Patterns in Nature:

Every teacher teaches differently, even when they are using the exact same curriculum
materials. Results show that students learn approximately the same percentage of the
unit content in two very different class structures with two very different class sizes.
Patterns in Nature has now had success across multiple learning contexts. Consistency
in the different classroom environments may be attributed to time spent observing the
unit being taught in its original setting. To maintain that sort of consistency between
different teachers and teaching styles, a teacher training session is recommended.
Before a large scale implementation of the PIN unit in Beaverton School District, a
professional development session is being held for all who will be teaching it. They will
get the opportunity to perform some of the experiments and ask questions directly to
the person that developed the unit. However, based on the data gathered, there are
some improvements in the way that PIN is taught and assessed that can be made it

more effective.

Research-based physics teaching methods:

It is difficult to know how many different successful teaching methods have been

realized in classrooms around the world because not every teacher has the time or
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ability to carefully track their students’ progress and relate it to teaching strategies.
Even if they are able to do that, many do not have the support to write up and share
those strategies with the educational research community. The study byHenderson and
Dancy (2009) showed that only 60% of surveyed teachers were even aware of a
selection of researched and published teaching strategies, and of those teachers even
fewer had implemented more than one or two of the listed instructional strategies.
Problems mentioned were that many of the strategies did not include methods of
implementation. Redish and Steinberg (1999) emphasize that teaching strategies need
to be evaluated, a feat that can only be accomplished through implementation. This is
why Patterns in Nature needs to be tried in different classrooms, modified, and shared
with the community so that others . can contribute improvements. The hope is that PIN
can reach the status of the Arizona State University Modeling curriculum (Halhoon,
2004). A curriculum advocated by a large university, with years of research and

modifications, and published books sharing the strategy with the teaching community.

Graphing and mathematical modeling:

While assessment is important to deciding what students learned and is addressed by
this study, the implications of the assessment findings are the most important
(Lienhardt, 1990). Through the varied forms of assessment, this study was able to

evaluate what aspects of graphing and mathematical modeling the students did not
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understand. This studied unit combined strategies from both math and science
education by emphasizing real world applications and using mathematics to discover
underlying patterns in data (Leinhardt, 1990). The tasks that the students were
expected to complete throughout the progression of this unified strategy method varied

from prediction, to classification, to analysis.

In the content of the unit, students could correctly identify patterns and state the
mathematical relationship that exists between the variables, but they showed weakness
in verbal and written explanations of these relationships of observed phenomena. They
experienced difficulties when writing their conclusions with and without scaffolding, and
also when describing what the mathematical equation between the two variables
means. Other studies have recognized similar difficulties, but did not highlight
specifically in what aspect of modeling they occurred (Doerr, 1995; Sherin, 2001). Here,
regardless of the different backgrounds of students that were encountered in the
classroom, this study found that the majority of students had difficulty with
communicating descriptions and concludes that they all need more practice using words
to describe exactly what their line of best fit on the graph means. This was contrary to
the results of Sins (2005) who found that prior knowledge made the difference between
successful and unsuccessful modelers in their classroom. The next step will be to
investigate different ways to help students improve their abilities in this area which will

provide them with better prior knowledge for their future classes.
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In order for this alteration to the PIN unit to be most effective, the students need to be
explicitly told that mathematical modeling is one of the unit’s objectives. Then as the
curriculum provides more opportunities to examine different relationships and describe
them, students will be aware of the teacher’s intentions. This study recommends an
interactive demonstration, similar to those tested by Redish and Steinburg (1999),
showing each type of relationship that the students are introduced to in a new way.
Based on statements from students stating that they enjoyed the various
demonstrations during the course of the class, this would be one of the most engaging
and effective features to add. At the conclusion of class, after finishing one of the
pattern experiments, a short demonstration of new phenomena could be done and the
students could be required to predict what will happen and describe how the

relationship matches or differs from the pattern that they just studied.

There is nothing that needs to be omitted from the PIN unit and given the time
constraint; there is not enough time in the course of the unit to add another
experiment. Time permitting, the unit could certainly be made longer to include more
patterns an experiments. Ideally, teachers would continue to use a research-based
method as they moved through various physics topics and learned new mathematical

patterns such as exponential and periodic.
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Data-driven decision making:

Students throughout the unit gather information from experiments and use it to predict
results. In a typical modeling curriculum the students gather data and then use it to
create a virtual mathematical representation of the experiment that they completed
(Halhoon, 2004; Sins 2005). Patterns in Nature, however, asks the students to use that
model to predict future measurements outside the measured range, testing their
findings. That method may have helped to propel the students’ improvement in the
survey areas of ‘Structure of knowledge’, ‘Nature of knowing and learning’, and ‘Real-
life applicability’. An important part of the Nature of Science involves knowing how to
use and evaluate the quality of data. Through the teaching of the PIN unit and the
utilization of this data-driven decision making method, students have improved in many

areas of their Nature of Science knowledge.

The Nature of Science:

Although the information in this subject has become a moving target over the years, the
research defines the Nature of Science as the beliefs and views surrounding the body of
knowledge, and a method or way of knowing the characteristics surrounding science
(Lederman, 2006). Based on the findings on the surveys and in the interviews, the

Patterns in Nature unit proved to be very effective at teaching science as a process.
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Students responded well to the repeatedly mentioned central theme that science is
finding patterns in nature and using them to predict the future. They improved in that
area of the survey and answered those interview questions well. Where a few of them
had trouble was relating this process to their daily lives, as shown by some students
believing that success in science requires natural ability. Those same students struggled
to see how they could use scientific skills in their future as well. Most students had no
trouble recognizing that this is what scientists do and that it produces much of the
technology that is use every day, but some did not see where they could use this

process on their own.

Understanding the scientific processes and where they occur within a civilization makes
a student a better informed member of society (Lederman 2006). Requiring students to
search for other instances of each pattern they learn somewhere outside the classroom
might help. There was a lot of enthusiasm for the modified pre-test task that was
assigned, where the students had to investigate a relationship between two variables on
their own. Because of this positive response, the study recommends expanding the
initial assessment by asking the students to revisit their initial experiment and use what
they have learned to develop an explanation, as well as using that same type of task as a
post-test for the unit. For additional out of class work that could aid student
understanding of these mathematical relationships, homework assignments should be

made by providing the pattern and having the students search for it outside the

Page | 103



classroom. It may help them see where this method of investigation can fit into their

daily lives.

There are various lessons and activities that could be brainstormed and added, but the
reality is that a unit needs to be taught following a certain timeline. Teachers need to
be intentional and strategically think about modifying parts that do not work before
adding new content and assignments that need to be placed in the Patterns in Nature
unit. Based on the collected data, the aspects of PIN discussed above are the areas that
need the most improvement. As they are added in, they need to be carefully observed

using a design-based research method and tested to see exactly how effective they are.

Design-based research:

In design-based research, a classroom environment is created that involves self-
reflection from both the teacher and student (Brown, 1992). A repeating cycle of
creations, evaluations, and modifications is what defines this type of research. Design-
based research is typically paired with instructional strategies or tools that are made to
be used over the course of a few days, so effective methods of evaluation are essential
to diagnosing strengths and weaknesses. These evaluation instruments must gather
both quantitative and qualitative data, from which the researcher or teacher could

justify design changes to the treatment mid-study.
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Significant lessons were learned while attempting to effectively evaluate this unit about
the limitations of the instruments that were used. The unit post-test did not effectively
measure prior knowledge when used as a pre-test. Either the test needs to be modified
to make the questions more appropriate for a student who had not just experienced the
PIN unit, or replaced with a different type of assessment. The modified pre-test that
was used to assess the students’ experimental method could easily be used as a type of
authentic assessment post-test at the end of the unit as well. If the teacher has the
time and a small enough class to use this type of test at the beginning and end of the

unit, this study recommends doing so.

The EBAPS survey used did a fair job of assessing the students’ views about physical
science, and many of their answers were reliable, as confirmed by interview questions.
There are a few items that could be modified and made clearer. The questions about
the role of natural ability and hard work in science success should be rewritten to define
success in science or to use a term like ‘aptitude’ instead of ‘ability’. When the survey
asks about the necessity of memorization of facts in science, the term ‘facts’ needs to be
properly defined to make this a more effective question. Another item to be modified is
the questions about science as a changing field; wording should be made more specific

to say to what changes the survey refers.
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With improved evaluation, necessary changes to PIN can be more easily identified. As
the unit and the assessments become more effective, more can be said about how and
why this method of teaching is worthwhile for students. These changes should be made
and then tested in new classrooms. This study is just a small step in the creation,
modification and publication of the Patterns in Nature unit. Here the research focus
was on the effectiveness of the curriculum at teaching mathematical modeling, but in

future studies the focus could shift.

Limitations and future studies

Aside from the grades that parents see on their child’s report card, this research study
was the first major attempt at documenting the students’ learning through PIN. During
a pilot study in Mr. Hill's classroom a survey and interview questions were tested, but
no formal data was gathered. Improvements were made to those assessments before
they were used in this study. The methods for assessing the effectiveness of this unit
could still use some improvement before they are used on a large scale. Those
recommendations are outlined in the conclusion. In the next iteration of PIN, the unit
will be implemented through the entirety of the Beaverton School District ninth grade
science classes. Effective assessments for content and Nature of Science will be very
valuable in identifying the validity of the modifications mentioned by this study, and to
identify necessary future modifications to be made to the unit materials. Additionally,

this much larger sample size will provide more reliable data concerning student learning.
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This study recommends that those classes in Beaverton gather similar qualitative and
guantitative data to what was collected in this study. The same assessments could be

used if the outlined changes are made.

More research needs to be done on how this introductory unit might affect student’s
performance in the long term as they begin to learn specific physics topics. Studies here
were restricted to the introductory Patterns in Nature unit; however, the purpose of
teaching the unit is to make it easier for students in a physics class to understand those
future topics. While the material that teachers use after the studied unit will likely
differ, the goal is that they will use the experimental methods from Patterns in Nature
to guide how they teach other physics topics like mechanics, waves and electricity.
Ideally there would be a full course written that teachers could implement where even
more mathematical patterns are introduced to the students. Including flexibility for
different types of teachers and learners is encouraged, as long as it has been trialed and

tested.

As long as data is continually collected from participating teachers, more improvements
can be made the unit. Patterns in Nature effectively teaches most students how to
model experimental data and use it to predict the results of future experiments. PIN
also has a positive effect on students’ views of the nature of science and science

process. After the changes to the unit have been made, future studies with different
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schools, students and teachers will provide more data, guiding future improvements to

Patterns in Nature and improving the quality of ot grade Physics education.
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Appendix A: Patterns unit description by Bradford Hill
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Using Patterns as the Right Step-size to Get Student to See Science as a
Process and use Data’Graphs to make Decisions
By Bradford Hill

| have developed two exciting projects for my freshman physics course. The first
involves getiing students to understand “science as a process” and to help them
explicitly see science not as reading a book and memeorizing formulas but rather
as “finding patterns in nature and using them to accurately predict the future™.
The second is an engineering project wherein students use inguiry to create to
graphs and then use those graphs to make engineering decisions on how to best
build a bridge.

| start the class with an Essential Cluestion: "How do we find and use patterns in
nature to predict the future? Day 1 is the Inquiry Cube (from the National
Academy Press) that emphases looking for patterns to make predictions and how
confidence grows as we find more evidence or patterns that lead to the same
conclusion. Then, | discuss how we all know one pattern in nature very well:
objects on earth, when unsupported, fall. We have named this pattern gravity.
And we can predict that tomorrow if you were to hold up a marker then let it go,
that marker would fall to the floor. | then quickly scale up to discussing how
scientists and engineers have discovered many patterns and have gone as far as
creating a device, from materials found in the earth’s crust, that if tomorrow you
touch in a certain way and then talk towards it a loved one can hear your voice
miles away! Wi, of course, call this amazing combination of stuff from the
ground a cell phone. | like this because it puts it out there that we are taking
steps towards understanding things they use and have questions about in their
own lives.

| must interject a story here to properly explain an important reason | structure
the activiies as | do. A student of mine once was off by only 0.05%: on g, as |
took in a breath in order to tell them good job they said “science experiments
never work” this experience has stayed with me as | realized students often don't
have the background knowledge to decide if there results are supporting the idea
that science works or that it works for scientist, but not for them, or worse yet, it
doesn't seem to work at all. So following my motto of Be Explicit, Model, Guide,
Step Aside, | specifically have students start every experiment with a wild guess.
Then we take data, use mathematics to find a pattern, then create a scientific,
data-informed prediction about the future and finish with an explicit discussion
about how this science process really produces superior results.

1 It is worth adding “seience is finding patterns in nature and using them to acourately predict the
future or understand the past”, but [ found adding understand the past deemphasize the important
point that we must test our claim against new data and it was difficult to adequately explain how
things in the past could be considered new data
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S0 now on to the actual four experiments. The first experiment centers on
stretching a spring and has the focus question “how does the amount a spring
stretches depend on the mass hung from it?" Students’ start with making a wild
guess about how much a 0.5 kg mass will stretch a spring. Then we put a 100 g
mass on the spring and roughly gauge how much it stretched. Hawving the 1
rough data point we sketch out a graph of stretch vs mass hung and hypothesize
where the data point would be if we doubled the mass, then tripled the mass, and
do a thought experiment about where would the data point be for zero mass be.
Student draw a simple trend line to fit their points and write out in words the
hypothesized relationship that has emerged from their sketched graph (with the
aim of reinforcing the message that graphs can aid our thinking). Then we find
the independent, dependent, and controlled variables and draw our experimental
set-up (at this point | am Being Explicit and giving them all this information to let
them know what | will expect in their fulure Experiment Reports). We then create
our data tables and start taking data. They get lots practice making graphs in
hand-in homework assignments, but for these four experiments they directly
enter their data in Logger Pro with error bars. | wasnt sure how freshman would
do with error bars but for all the complexity one might think it adds, it is quite
natural and has huge benefits. With their data with error bars, we then proceed
to find the simplest best-fit line that goes through all their error bars. They
determine it is Linear. We then wrte-up their conclusion:

Since the best-fit line of our data is linear, we conclude that
there is a linear relationship between how much the spring
stretches and the mass hung from the spring. This can be
represented mathematically:

Stretch of Spring = 0.053 * Mass Hung.
S0 | predict that for a 500g mass my spring will stretch ____

And we review their wild guesses and test their scientific, data-informed
prediction, which nearly everyone accurately predicts to within 3 mm! This
makes it very tangible to some of the students that science works. But it takes
until the next experiment to really make it believable.

MNext up is the pendulum experiment. Again we start with a wild guess fora 4
meter pendulum. We go through the hypothesized graph exercise - many frace
out a linear graph - and then write our hypothesis in words. We then determine
the variables, set-up the experiment and data table, collect data, and enter it in
Logger Pro. They are surprise that a line is close but clearly does not go through
all their error bars, so they go to the next simplest best-fit line a quadratic
function® (y=ax*+bx+c). | simply tell them this is an intro class and we will only

2WefuﬂnwihernleoﬁhnmhMplotﬂz.eind.epende-mvariahlennn-axi&mﬂessyonhm agood
reason not too. For instance we often plot time on the x-axs even when it is the dependent variable,
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study quadratic functions where b and ¢ are 0, and they will have to take 1B
Physics if they what to take on that complexity — not perfect, and at times | do
say what a physics interpretation of b and c can be which is the best solution |
have at the moment. We then sketch the graph and write down the best-fit line in
the generic form y=ax® from math class and as it applies to our graph

Length of Pendulum = 0.27 * (Period of P-em:lulum}2
This helps a lot of students who haven't really gotten that a graph of data tells
you about the world or for that matter that formulas are a short hand way of
expressing relationships found in data. | can't overstate how many students miss
this connection between math and science, even for student who can solve
difficult multi-step problems. We then write-up our conclusion and use both the
graph to extrapolate the time of a 4 meter pendulum and our formula from the
best-fit line, as shown above. We get it to within 0.2 seconds and most to within
0.1 seconds. Now, nearly every student is starting to see the power in the ability
of science to predict the future. They thought it was hopeless during the wild
guess at the beginning and showed open dismay when | said part of their grade
would depend on them accurately predicting to within 0.2 seconds the time of
pendulum after taking data. Many just didn't think they could get there in 45
minutes of class time, but they do — for example, all 39 students in my 5% period
did, working in groups of three or four. (1 run this in three classes of 37, 37, and
39; nearly all freshman and a few others who are retaking the course after failing
it previously.)

The third experiment follows the same structure, but now students must create
the data table and take data individually. To make it feasible with the class sizes
| have, | use a simple focus question “how does the width of a paragraph effect
the height of the paragraph®. Again the wild guess, data, find a pattern, use it to
create a scientific, data-informed prediction and test it. The pattern is inverse®.
height = 71 cm® / width
It works again (when you have the paragraphs chosen right, so you don't have
half hanging sentences — but this simplification is something we always do when
teaching beginners —we'll build in complexity as they progress further into
science). And again they get the height to within millimeters. Mow they start
asking what else can they predict if they take measurements, it is only a few
students asking this but | must say that is one of proudest moments in my
teaching career to have it come so naturally from our classwork and it is only the
2™ week into the term!

We finish off with holding a square postcard in front of a light source and find that
if you double the distance the size of the shadow goes down by a factor of 4. In
this Shadow Expenment students must now create their own data table and write

asin a d vs t graph, here too [ have them plot length vs period so that the best-fit line is a quadratic
function rather than a square root function.
371 is area of paragraph which is constant for a given font and text.
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happen 4 times (in very explicit and obviously understandable ways — the
pendulum swings back and hits your hand when the stopwatch reads your
predicted time) and lays the groundwork for it to happen for every experiment in
the class, not to mention, using graphs from other scientists and making
predictions based on them.

Further, this pattern approach blooms once you move into motion, forces, and
energy. It makes many guestions have natural, understandable answers. For
instance when taking data on constant acceleration a student asked how much
data to take. Looking on Logger Pro their data was bunched up and had
relatively large error bars, so both a line and parabola would fit the data. |
pointed this out and ask if you were going to take another data point where would
it pe impactful? The easily recognized to have it far from the others, as then if
was high on the graph it would indicate a quadratic relationship but if it was low
than only the line would fit. Then | put it back to the student was there data
adequate, did they need to take more data, and if so how much more should they
take? This was a simple, straightforward discussion that truly is sophisticated
science but was natural and understandable to the 9% grade student. This
discussion also easily led into discussions like these: How do we know things
through science? How far can you extrapolate? Once you find a pattern does that
mean the world is actually that way? Could further evidence refine the pattern to
be more complex? A teacher can take this as far as they want.

My second project that flows well with this, but could be done separately, is a
more authentic engineering project. We created a Project-Based Learning unit
wherein students are cast as engineers who are submitiing a proto-type bridge to
win a bid to rebuild an old historic bridge. With cost and historical landmark laws
as constraints we analyze the forces involved in the simple bridge and realize
there is tension and compression and for our given simple bridge design we are
able to calculate the max load each member will experience (and use a 2x safety
factor). Nextwe analyzed our building materials (a manila folder) for their tension
and compression properties. The students perform experiments on how the
width of paper is able to withstand tension and generate a graph (linear pattern).
Then engineer the paper to better withstand compression by folding into circular,
triangular and rectangle columns and test them. Due to ease of construction,
rectangular wins out, and we experimentally determine the size to max
compression graph. As engineers do, we use their force analysis along with
these graphs to make data/graph based decisions on how to construct the
cheapest bridge that meets all of the engineering constraints — and it works. The
bridges are only tested to the safety margin, there are no bonus points for over
building the bridge. They then go on to an interview in which they must orally
explain why they used the widths of tension strips and diameter of columns that
they chose, and why the customer should believe they have a handle on how to
build bridges.
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the conclusion by themselves. Again the wild guess, data, find a pattern, use it to
create a scientific, data-informed prediction and test it. The pattern is inverse
square.

Shadow Size = 71 / (distance from light suume]z

S0 we now have Linear, Quadratic, Inverse and Inverse Square and this is
powerful. Before continuing, |2t me review where we are at: we are three weeks
into the course and students have done the inguiry cube, been given a focus
question, can identify independent, dependent, and controlled variables,
practiced taking data owver six times and gauged uncertainty from measurement
tools and through averaging multiple frials, identified errors in labeling data
tables, processed raw data by averaging and drew by hand the graphs with emor
bars, learned how in Logger Pro to input data, add constant and variable error
bars, found the simplest bestit lines, completed four experiments, and written
four full lab reports with guidance (Be Explicit, Model, Guide, Step Aside — Step
Aside is coming soon), and read Chapter 1 of Hewitt's Conceptual Physics.

MNow that they have some experience with the four Patterns: Linear, Quadratic,
Inverse and Inverse Square*, we create posters and write it in a toolbox® flap
each pattern expressed Mathematically, Graphically, Visually, and in Writing (see
picture below). Further, we than compare and contrast the patterns and work on
connecting the mathematics with the science.

What is the payoff? As | already mentioned, students get explicit exposure to how
science really works. They literally experience that if you take careful data and
find a pattern, you may be able to accurately predict the future! Also, they see
that the formulas in science come from past data — this may seem obvious but |
do not think it is to most students. It also makes clear the connection between
quality data and quality predictionsfresults — if you want a better
prediction/results you need to get better data. It places the emphases of
experiments on patterns not the minutia of conformation® of a proin known values
that without extremely careful experimental set-up will usually lead to students
getting the wrong meta-message — science doesn't work for them, it doesn't work
period, or you just redo measurements until they come out the way you know
they should, all of which are not very authentic science experiences.

Additionally, it is near universally recognized that one benefit of a science
education is it trains you to use evidence/graph based decisions — yet, how often
is that actually happening in science classrooms? This Patterns Unit has it

*We also have “Flat Line”, which comes out of amplitude vs period in the pendulum experiment that
indicates they two variable are independent or have a constant relationship.

* Tgol box is simply 3 sheet of paper folded over to create a staggered panel of & flaps and each major
unit in the class gets a flap - this is 5o, 50 that smdents have in a concise single location all the big
ideas of the class.

¢ Conformation experiments do have their place in science education but [ think should not be the
bulk of a smdent experimental experience,
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| want to finish with a list of what | think students get from this Patterns approach:

Students explicitly experience that science works.

Students explicitly experience how mathematics aids reasoning and
scientific predictions.

Students get multiple opportunities to make and test data/graph based
decisions.

Students experience inquiry.

Students progress towards learning the tools of science to perform inguiry
on their own gquestions.

Students engage in understandable ways with broader questions about
knowledge through induction (experiments) and certainty of knowledge.
Students explicitly experience that engineering works!

Students explicitly experience that engineering often involves breaking a
large problem into smaller components, analyzing those smaller pieces,
and then integrating it all back together to create a solution.

Students again get multiple opportunities to make and test data/graph
based decisions in an engineering context and see that engineers uss
graphs to make decisions.

Students experience making a proto-type as a step in the engineering
process.
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Week 1 s

P Oana
- Dsap Thoughts
S 1

Survey

= The purpose of this sureey is to track the changes
in your view of science and science classes.

— Pleace be as homest and thoughithul as possinke.

— Wour snswers hare tell e what you s koW, and
thean wie AN determined sxncty what you e
Ml lemrned from this cass_
Fired o pnsm
|nos o the e — it is Bhe mn EXPERIMENT!!
Fafegr i o il — N you e the vannbiesT
Science [s... Science fs..,

= What qualities do scientists have?

= How do Soentists do their work? How would
they describe a sdentific investigation?

Soence origmstes in guestions shout the warkd.

SOenoe upes obseryations to construct explanations
|mnEwers to the qUIEStioNS]. i s g b
e

e
Soentist make their esplanstions pubdc through
presentntions st professional mestings and jourmsts.
Soentists present their expanations ard ritigue the
mxplmtions proposed Dy other scentists.

Inquiry Cube
= Form research groups for the second
imestigation.

Do not touch, turn, lift, or move
the cube in any way.

Inquiry Cube
. First Hypothesis: (just guess] confidence:
o B =
LT
. Patterns:
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Inquiry Cube

= Research groups publicly share your explanations.

= 0. What is the benefit to hearing other research
groups’ ideas?

= What is another test we could perform to
determine with even more confidence (less error)
what is on the bottom?

Inquiry Cube

- Sgientist use patterns in data to make predictions
and then design an experiment to assess the
accuracy of their prediction. This process can also
produce additional data.

= 10. Use your obsenvations (data) to make a
prediction of the number in the upper-right comer
of the bottom.

Inquiry Cube

= With your limited funding you are able to
purchase a small amount of technology and
other equipment in order to test your
prediction.

Inquiry Cube

= 11. Final Hypothesis

EEF %

Inquiry Cube
= *13 Desoibe how your confidence changed
from first hypothesis and final hypothesis and
wihny?
= *13 How is this activity like real science?

= *14 what about science doesn't this activity
capture?

From Questions to Making
Measurements & Collecting Data

v Onoe you hkave & fonemsd sosnce Question you nesd b o
how to miske meansrements and coliect dats to inform yours=F
‘about how natume works.

1 Younesd an independent varishle |ranipulsted varisbie): the
DR you Change.

2 Then o dependent variabie: the one you think will changz as 8
result of the independent variabie.

3. Then mwtrol as best a possibie sl other thimgs that might
change the dependent varisbie.

Page | 121




6/17/2012

Practice Example
Inquiry: Experimental Basics P
" indegepdent Yoraple: We changs it = ¥ou notice a book dropped from different
. . heights creates a sound of different intensity.
= Dependent Variable: is changed by Independent vanable So you ask “How doas the height of the book
N : is dropped from affect the intensity of sound
cmmum.mmmnmq:fuu when it hits the 3"
= Practice: You observe that when you drop you - The independent variable:
textbook it makes a loud sound on impact with = The dependent variable:
the carpet. = What are the controlled variables:
Example Science is Data Driven
Wour Sdence is only as Good & your Dets
- *How does the breaking strength @ column of - Slnnﬂi.aethislda'lasem? How do we
cement 1 on its o - communicate one seems better than the
. . L ather. Averape Uncertainty
- What is the independent variable 17 +f-2
. i iabla?
e e e e csamigmy T 46
- are the ool ? [i.e. what mu
- S8t B 17,23, 11
r] r r
you keep constamt?) ) Fangs
1
Faiigs - bhied amher - Urisdlen mamka

Science uses Observations Accuracy & Precision

S0 How Do You Make ¥ Know your measuring tool. s« te corea pradie &
ood Observations/Measurements  Haw dia you calibate: it
o What is ity precision.
v Know your measuring toal. .
o Hiowr dis you calibrake it
o Whatiis its precision.

¥ Know how many trials are necessary to get sppropriate
data with this tool.

+ Know how many trials are necessary to get appropriate o Haow dio you calibrete it
data with this tool. o What is its predzion.
o Hiow dio you mlibrate it
o What iis its predision.
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Spring Experiment

= Wild Guess
Reszardh question
* Hypothesis [sducsted guess)
— Skpach Gragh, AND describe i words, equation aptional
= Method
= identily variables
— Deheribi SEtup and what you will $o_.
* Dw=in
~ Tabihe: shovwing information pou gathered |1V asd D]
= IList of otk variables you contnolbed
* Condusions

Stretching Spring Experiment

v Wild Guess on hover far will it stretoh with % kg massT

BrAn il — S LR it gy Tl

* Research Question: {whst are you inestigsting]
* How does the stretch of 3 vertical spring depend on
the mass hanging from it?

Stretching Spring Experiment

" Hypothesis: jwhit do wou intsliganty mpect 1o happan|

1] sio=tris im gragh fOIM fink shout ons wi-ap Hhan fhink doubling, triplag ihe
Lt )

2] hmqﬁumzmt_pam O masz
! na reltionship

Stretching Spring Experiment

= Variables:
1. identify and list independent variables [the
ones you are changing)

2. identify and list dependent variables

1. wdentify and list the controlled varighies (all
variables not list abowe)

Stretching Spring Experiment

= Method:
1. Experimental set-up

2. How will you change the jndependent
uariahles

1. How will you control the controlled variables

Stretching Spring Experiment

= Datac
1. List values of controlled variables

2. Create a table with a column for the
ndependent variable and a column for the
dependent variable, and 7 rows, one for
colurmn [abels jnise and wnis) and & rows for
each mass measured:

0, 5,10, 15, 20, 25 Erams.
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Stretching Spring Experiment Stretching Spring Experiment
R T
Stretch of Spring
[em] +/-0.3
Graphing the Data: Stretching Spring Experiment
| ———— a2 e i e
1 Seb-up columins (name, unit) for mass, sversge st
z. mumummbmm?mnmr
uncertinky of aversge stretch and fill it out
1. iS00k to mvemEe stretrh, under options dheck £mor bars
wnd wse colurmn unosrisinty
4. [Enter data in each colsmn
L Enphﬂntm]]uﬂﬁu:mmm unicheck
Connect points
6. Find simpiest best-#it line
[ SIrEICINg SPring EXperiment |
Stretch of Saring vs Mass Hurg Stretching Spring Experiment
oy
e ] S
 Fop iy b 1 - singe the best-fit line of our data is linear, we
’ condlude that there is a linear relationship
- between how much the spring stretches and
# the mass hung from the spring. This can be
" represented mathematically
- = Stretch of Spring = 0,053 ® Mass Hung_
A = 5o | predict that for a 500g mass my spring
will stretch .
:' =] am
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YOUR Experiment (HW)

* Wild Guess
* Ressmrch question
» Hypothess (eosobed pusss)
— St Origsh, SO Smcribe in worsh, ssuidion eptional
= hethod
= idantify viriaiiei
— Deieribe Srtup s wht you will da_
* [Daia
— Tksia nhawing information you gethemd |1 and 0V
— Lhit of other versbin you omoled
* Concusions

= From the grach you made, Smevibe Ba patbern Sat you found.

Week 2 {8/zaas)

Phymiic O

Deap Thoughts

EInstein wrong or

experimental error?

YOUR Experiment {HW)

* Wild Guess
* Resemrch question
* Hypothess [edumberd pusss)
— Shizh Desoh, AND Sesoibe n worsy sgurlion cpliansl
= hethod
— idactify variakiey
— Dwicribe Sebp ind whst you will do..
= Dain
— Tabsia dhawing infermation yeu pethared (s ard O]
— whit of other vensbin yeu cntroled
* Condusions

— Peom tha grach you misde, Seicibe e pattern St v foind.

Share your Experiment

Describe what you did_
[Dizgr=ms and Pictures are encouraged)
— 'What i you change?
— What dic you Messun?
— What did you keep onsiant™
— What e you mxpeect o finid mnd wivet did you fina?

= Questions and Suggestions from scientific peers_
— iWhat it you ouericolr, whast could you improve
upon?
— 'Whst o they see in your detymethod

Stretching Spring Experiment
Straich of Sgring vs Mass Hurg

Stretching Spring Experiment

= Condusion:
= Since the best-fit line of our data is linear, we

condlude that there is a linear relationship
between how much the spring stretches and
the mass hung from the spring. This can be
represanted mathematically
Stretch of Spring = 0,053 * Mass Hung.

5o | predict that for a 5002 mass my spring
will stretch
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Spring Wrap up...

= The Warises changs by the ame Sacior
— Ex Dowbls the rems, Scubls the rrwich; Tripts rmam. trige mnstch

= iy afe patterma imgarsalt
— Scisnce i Hreding puSerne i1 s and cung Sven o sredkcs tha
LT-TL}
— Grmety
— Bsterisi from ground Car ranEpor ok,

Tha trus bait ol in exparimeet b iEs sty i predictl

Another Pattern:

Pendulum Experiment
Wild Guess
Resssrch guestion
Hypothesis [sducated guess)
— Shsich Grags, AND describie bn woets, b i

= Method
= Identify variabies
— Desoribe Setwp and what wou will do_
» Dnta
— Table showing inbormation vou gachered (1 and DV}
— Wist of otfsr variabies you controfked
* Comclssions

Pendulum Experiment

This will be a graded lab write-up
= Research Question...

How does changing the of the
pendulum affect the

Pendulum Experiment

* Take data Carefully!1!

Pendulum Sample Data

Data:

b ot ccsrachind s ——

[T o ] a -] a o a
(L] i3 i Lmpizgaa i al
pEy kSl i [N SN R EY Fa ai
is 4 | 13 s 1 ar 5 L]
4 I | 14 L7 eaf 27 Fl af
=4 Ao | a4 FE R R il ad

F1]
| vl Fater Dot Bt | Ly o Pargrags
|Ln AP
24, s s
K2 5
s /.{ 4
-
% .o
-
B
0 _q_.__—.';'_.... SRS ES liSSeo— | -

Fusadicl By i

3
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Pendulum Experiment

= Conclusion:

= Since the best-fit line of our data is quadratic, we
conclude that there is a quadratic relationship
between the period of the pendulum and the

length of the pendulum. This can be represented
mathematically

Getting the Period
LinsGragh, Lengen = S0

o

Length =0.25* (Period)’

- Lengthof Pendulum = * (Period)? % = (Period)’
- So | predict the period of a 5.0 meter pendufum :
is . Lamgth s
=\~gas = Period
" HW:
| ww Sz ;
i Bain Pk D Su Leegh @ Pendoan z’ Firich ¥ e up
4 { il | need your e-mail address to send it.
: -
= II ...‘.-' "
[ - o P Math Review 08 doc
PR Sl L ¥ ~+
AT 3T ! : B

Pirmio Clans
Aganze Oean Thouehts
2 D -\JLI="| 5
Fargrapt Desenment
Winihcrts Repepcipent Can you explain why

i B SEASONS On

Homresrt
Shacoew Caparimes

Homework from last time

= What Makes a Good write up
—5Share concemns and questions
— Sy about the mizsing sraphs...

= That was Practice, another atbempt for next

week | | will be pone |
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Linear vs Quadratic
- Find 2 things similar about these patterns in nature.

- Find 2 things different about these patterns in
niature.

= Find another example of each pattern in nature.

Text Experiment
= Hypothesis:

1) sketch in graph form (think about one set-u0 s
saary s tham think douhlirg or habving the width)
2} in words “| think height depends on width
ina redationship™

Paragraph

Fdenos b finding patteme in rature i then uling thoss GEDETE T KTy
predics the Foburs. For nstunce, one pathsr in rucure thot nearky svwepss b
iasovns d i St objects o sarth, when unoupported, il Vs e rared il
pEEam prawsy. And we cn predich that tomonoe B you wens iz hold up a
marker thar let & go. thet marker would tall o the ficor  Kow scectios snd
srginssrs hove ditccversd mony pESEmE and baws gors on far mn cresting
dewica, fram macsrial dowrd o the sarch s crum, S B soncmow pou mach =
carnin wmy and et dowara ko boved Sre can bear your voios mises srwasl
“w, of couns, ol thin sreasing combization of Eofl from the grousd = cel
Fhona .

Paragraph Experiment — Real Data

e o corencliad arabiec
Hataaticn, 10 1], gD T SAREri

_‘.#-:;‘hl me 13 r mny iss

High: of
Farsgraph =) L] 1m0 5 28 a4
P

Helght vs Width of Texi
i g

1 Auin P for Do S | Maigsi of Tt
Nolghts Ak

| AT

% AMITE [ 30 en

Wt il Tl 259

Paragraph Experiment
AT

71
Width

Height =
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Paragraph Experiment

= Conclusion:
= Simce the best-fit line of our data is inverse, we
conclude that there is a inverse relationship
between the height of the paragraph and the
width of the paragraph. This @n be represented
mathematically

Your A
Width
5o | predict for a 33.5 om wide paragraph the
height will be M.

Height =

Shadow Lab

= Find a Strong light source.

= Investigate the relationship between distance
from source and area of the shadow. (cm)
—Hang a String Bebwesn the souroe and wall
—Hang a 35 notemrd on the string
—Mowe the nd slong the string, messwune shadow

Shadow Lab
Week 4 jLa2e/1a]
P o SR e
i Deap Thoughts: 1 igelion tg
Stadorw Eapaririers Hmuity | & Fairie
Famerms s U s \ A i1 A4 v
Lnin Pl lI I.
Corrmrr veiacTs Capssimem ™ " I'.I I'
4  apog \ 1
1 f
P daing. ~wernher von {
Fats b For iTITSchacmey Linis BEraun o h'-;_ I'
Tam "h-.'.__
e e |
13 i) 10
Darva B LI Basm (o
Pattern: Linear Pattern: Linear
E y=mux+h E y= mx+h
3 ¥ Thes g il
_‘j‘ . . e .h_' it Lo wahea Moy Y
- = e meogs of
g thar i ke
i waame Kore Y i A s K Y —
i e
sl = [—
e P, EreEn L= o ek
if the mass is doubled, the i the mass is doubled, the
stretch of the spring will stretch of the spring will
I’i double. [‘g double.

10
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Pattern: Quadratic

Pattern: Inverse

§ v
y=2_
il- ----- by i -y % B ¥
2 | s —— i‘ SOWhen=d %, ¥ e
} and when= v —X y ool andwhen=x ¥,y r—
For the if
. For the pendulum, if the period i = o same pgrayls, 3 yow
. doubled then the length is double the width of the
paragraph, than the height will
= quadrupled. docrase oy bl
Pattern: Inverse Square i
5 54 Flat Line
=
2 P Period = Period
H i o A w Angle = 0,15, or 45
; and when=x -X P -
Diwrsnos bo B saores e —
P — For 3 square piece of paper in front of 3 Angie of Redease
=T light, if you double the distance
i froem the light the size of the
=z 1 m;l“h - Period never changes.

Moving on... KINEMATICS

Ui Mot ! 1D Kt

- L sgarions of reotcn i CASAN Ac: sanancn 0 A B
- Poasrion, Vo, e sieesion or Tra

11
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Appendix C: EBAPS survey with key and Views about science survey
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Part 1

DIRECTIONS: For each of the follomwing items, please read the staterment, and indicate {on the scan ron ansper
sheet) the answer that describes how strongly you agree or disagree.

A- Stromgly disagree  B: Somewhat disagree C: Newiral DIr Somewhat agree E: Stromgly agree

L Tamara just read somefhing in her science texfixook that seems to disagree with her own
experiences. Buf to leamn scence well, Tamara shouldn't think about her own experiences; she
should just focns on what the book says.

2 When it comes to understanding physics or chemistry, remembering facts =n't very important.

3. Cviounsly. computer simulations can predict the behawior of physical objects like comets. But
simulations can also help scientists estimate things mvolving the behavior of people, such as how

4 When it comes to science, most students either leamn things quickly. ornot at all.

& If somecne is having trouble in physics or chemistry class. studying in a better way can make a big
difference.

6. When it comes to confroversial topics such as which foods canse cancer, there’s no way for
scentists to evaluate which scentific stndies are the best. Everything's up in the air!

7. A teacher once said, “T don't really understand somefhing untl I teach it” But actnally, teaching

doesn't help a teacher imderstand the material better; it just reminds her of how much she already
kmows.

8. Scentists should spend almost all their tme gathering information. Worrying about theories can't
really help us mnderstand amything.

9. Someone who doesn't hawve high natual ability can still leamn the material well even in a hard chemistry or
plysics class.

10.  Often, a scientific principle or theory just doesn't make sense. In those cases, you have to accept it
and move on, because not everything in science is supposed to make sense.

11.  When handing in a physics or chemisiry test, you can generally have a sense of how well you did
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A- Strongly disagree B: Somewhat disagree C: Nemiral D: Somewhat agree E: Stromgly agree

12,  When leaming science, people can understand the material better if they relate it to their own ideas.

13, If physics and chemistry teachers gave really clear lectures, with plenty of real-life examples and
sample problems, then most good students could learn those subjects without doimg lots of sample

14 Understanding science is really important for people who design rockets, but not important for

15.  When solving problems, the key thing is kmowing the methods for ad dressing each particular type
of question. Understanding the “big ideas” might be helpful for specially-written problems, buf not
for most regular problems.

16. Given encugh time, almost everybody could leamn to think more scientifically, if they really wanted
to.

17. Tounderstand chemisiry and physics, the formmlas (equations) are really the main thing; the other
material is mostly to help you decide which equations o use in wiich sitnations.

Part 2
DIRECTIONS: Multiple cheice. On he enswer sheet, fill in the answer thet best fits your view.

15. If someone is frying to learn physics, is the following a good kind of question to think about?
Two shadents wamnt to break a rope. Is it better for them to (1) prab opposite ends of the rope and pull (like in

tug-of-war), or (2) e one end of the rope to 2 wall and both pull on the other end together?

(@) Yes, definitely. It's ome of the best kinds of questions to stody.

(b) Yes, to some extent. But other kinds of questions are equally good.

{c)  Yes, @ Hitle. This kind of question is helpful, but other kinds of questions are more helpful.
{d) Not really. This kind of question isn't that great for leaming the main ideas.

{2} No, definitely mot. This kind of question =n't helpful at all.
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19.

2

Scientists are having trouble predicting and explaining the behavior of thunder storms. This
could be becanse thunder storms behave according to a very complicated or hard-to-apply set of
rules. Or, that could be because some thunder storms don't behave consistently according to any
set of rules, no matter how complicated and complete that set of mles is.

In general. why do sclentists sometimes have frouble explaiming things? Flease read all options
befiore choosing one.

{a} Although things behave in accordance with rules, those rules are often complicated, hard to
apply. or not fully known

(b) Some things just don’'t behave according to a consistent set of rules.

{c) Usually it's becanse the rules are complicated, hard to apply. or unknowry; but sometimes it's
because the thing doesn't follow rules.

{d) Abouthalf the time, it's becanse the rules are complicated, hard to apply. or unknown: and
half the time, it's becanse the thing doesn’t follow mles.

(g} Usually it's becanse the thing doesn't follow rules; but sometimes it's becanse the mles are
complicated, hard to apply, or unknown

In physics and chemistry, how do the most important formulas relate to the most important
concepts? Flease read all choices before picking one.

{a} The major formulas summarize fhe mam concepts; they're not really separate from the

(b) The major formulas are kind of “separate” from fhe main concepts. since concepts are ideas, mot
equations. Formulas are better characterized as problem-solving tools, without much

{c) Mostly (a). but a Hitle (b).

{d) Abouthalf (a) and half (b).

{e} Mostly (b). but a litfle (a).

To be successful at most fungs in life...

{a) Hard work is much more important than inborm natural ability.
(b) Hard wotk is a liftle more important than natural ability.

{c) Matural ability amd hard work are equally important.

{d) Matural ability is a Little more important fhan hard work

(g} INatural ability is much more important than hard work.

To be successful at scéemce....

{a) Hard work is much more important than inbom natural ability.
(b) Hard wotk is a liftle more important than natural ability.

{c) INatural ability and hard work are equally important.

{d) Matural ability is a Little more important fhan hard work

{g} Matural ability 1s much more important than hard work.
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23,  Of the following test formafs, which is best for measuring how well stodents understand the
material in physics and chemistry? Please read each choice before picking ome.

{a) A large collection of short-answer or mmltiple choice questions, each of which covers one
specific fact or comcept.

(b) A small nomber of longer questions and problems, each of which covers several facts and
concepts.

{c) Compromise between (a) and (b). but leaning more towards (a).

(d) Compromise between (a) and (b), favoring both equally.

(g} Compromise between (a) and (b), but leaning more towards (b).

Part 3
DIEECTIONS: In exch of the follouring items, you will read a short discussion befween tow students who disapree
about some issue. Then you T indicate whether you agree with one student or the other

M

Erandon: A good science textbook should show how the material in one chapter relates to the material in
other chapters. It shouldn't treat each topic as a separate “unit.” becanse they're not really
separate.

Jamal: Butmost of the ime, each chapter is about a different topic, and those different topics don't
always have munch to do with each other. The textbook should keep everything separate,
nstead of blending it all together.

With whom do you agree? Fead all the choices before circling one.

{a) Iapres almost entirely with Brandon

(b) Although I agree more with Brandon, I think Jamal makes some good poinds.
(c) Iagree (or disagree) equally with Jamal and Brandom.

(d) Although Iagres more with Jamal, I think Brandon makes some good poinds.
(e} Iapree almost entively with Jamal

Anna:  Ijust read about Kay Kinoshita, the physicist. She sounds natorally brilliant

Emily: Maybe she is. But when it comes o being good at scence, hard work is more important than
“natoral ability.” I bet Dr. Kinoshita does well becanse she has worked really hard.

Anna:  Well maybe she did. But let's face it. some people are just smarter at scienwe than other people.
‘Without natural ability, hard work won't get you anywhere in science!

{a} Tapree almost entirely with Arma.

(b} Although I agres more with Anna, I think Emily makes some good points.
(c) Iapree (or disagree) equally with Arma and Emdly.

(d) Although Iagree more with Emdly, I think Anna makes some good points.
e} Iapree almost entirely with Emily.
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Justin:  When I'm learning science concepls for a test. [like to put things in my own words. so that they
make sense to me.

Dave:  Buf putiing fhings in your own words doesn't help you learmn The textbook was written by
people who kmow scence really well. You should leamn things the way the textbook presents
them.

{a} Iapreealmost entirely with Justin

b} Although I agres more with Justin, I think Dawve makes some good points.
(c) Iapree (or disagree) equally with Justin and Dave.

{d) Although I agree more with Dave, [ think Justin makes some good points.
(g} Tapree almost entirely with Dave.

Julia- Ilike the way science explains things I see n the real world.

Carla:  Ilmow that's what we're “suppesed” to think, and it's troe for many things. Butlet's face it, the
science that explains things we do in lab at school cam't really explain earthquakes, for instance.

Julia=  Istll think science applies to almost all real-world experiences. If we can't figure out how, it's
because the stuff is very complicated, or becanse we don't kmow encugh scence yet.

{g) Iapree almost entirely with Julia.

(b} 1apree more with Julia. but I think Carla makes some good points.
(c) Iagree (or disagree) equally with Carla and Julia.

{d) Tapree more with Carla, but I think Julia makes some good points.
e} Iapree almost entively with Carla

28,

Leticiaz Some scientists think the dinosaurs died out because of volcanic eroptions, and others fhink
they died out becanse an astercid hit the Earth. Why can't the scientists agree?

Nisha: Maybe the evidence supports both theories. There's often more than one way to interpret the
facts. 50 we have to figure out what the facts mean

Leticiaz I'mmnot so sure. In stuff like personal relationships or poetry. things can be ambignons. Butin
science, the facts speak for themselves.

{a) Iapree almost entirely with Lebicia.

(b} Iagree more with Leticia, but I think INisha makes some good points.
(g} Iapree (or disagree) equally with MNisha and Leticia.

{d) Iapree more with MNisha, but I think Leticia makes some good points.
(e} Iapree almost entirely with Misha
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9.

Jose: In my opinion, science is a little like fashion; something that's “in"” one year can be “out” the

hlignel: Ihave a different opinion Once experiments have been done and a theory has been made to
explain those experiments, the matter is pretty much settled. There's little room for argument.

(a) Iapres almost entirely with Jose.

b} Although I agree more with Jose, I think Miguel makes some good points.
(c) Iapree (or disapree) equally with Miguel and Jose.

(d) Although I agree more with Mignel, I think Jose makes some good points.
(g} Tagree almost entirely with Miguel

30.
Jessica and Mia are working on a homework assipnment together..

Jessica: QLK. we just got problem #1. I think we should go on to problem #2.

Blia: Mo, wait. I fhink we should fry to figure out why the thing takes so long to reach the ground.

Jessica: Mia, we know it's the right answer from the back of the book, so what are you worried about?
If we didn't understand it. we wounldn't hawve gotten the right answer.

Doia: Mo, I think it's possible to get the right answer without really understanding what it means.

{a} Iapree almost entirely with Jessica.

(b} Iapres more with Jessica, but I think Mia makes some good points.
(c) Iapree (or disagree) equally with Mia and Jessica.

{d) Iagree more with Mia, but I think Jessica makes some good points.
e} Tapree almost entirely with Mia.
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Which EBAPS items belong to which subscales?

Axis 1: Structure of scientific knowledge
2,8,10,15,17,19,20,23, 24 28

Axis 2: Nature of knowing and learning
1,7, 11,12, 13, 18, 26, 30

Axis 3: Real-life applicability
3.14,19.27

Axis 4: Evolving knowledge
6,28, 29

Axis 5: Source of ability to learn
5,9,16,22 25

Overall
All questions on the survey, equally weighted.

NOTE — The following items belong to no axis except for Overall- 4, 21

The following pages list all the EBAPS items sorted by axes and include the
scoring scheme for each item.
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Axis 1: Structure of scientific knowledge

2. When it comes to understanding physics or chemistry, remembering facts isn’t very
Important.

A=0,B=15C=235D=35E=4

8. Scientists should spend almost all their ime gathering information. Worrying about
theones can’t really help us understand anything.

A=4B=3,C=15D=05E=0

10. Often. a scientific principle or theory just doesn’t make sense. In those cases, you
have to accept it and move on. because not everything in science is supposed to
make sense.

A=4B=3C=2D=1E=0

15. When selving problems, the key thing is knowing the methods for addressing each
particular type of question. Understanding the "big ideas” might be helpful for
specially-written problems. but not for most regular problems.

A=4 B=3C=2D=1E=0

17. To understand chemistry and physics, the formulas (equations) are really the main
thing; the other material 1s mostly to help you decide which equations to use
which situations.

A=4B=3,C=15D=05E=0

19. Scientists are having trouble predicting and explaining the behavior of thumder
storms. This could be because thunder storms behave according to a very
complicated or hard-to-apply set of miles. Or, that could be becanse some thander
storms don’t behave consistently according to any set of rules, no matter how

i and complete that set of rules 1s.
In general, why do scienfists sometimes have trouble explaming things? Please
read all options before choosing one.
(a) Although things behave in accordance with mles, those mles are often complicated, hard
to apply, or not fully known.
(t) Some thmes just don’t behave accordmg to a consistent set of rules.
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() Usually 1t"s because the miles are complicated, hard to apply, or unknown; but sometimeas
1t's because the thing doesn’t follow mles.

{d} About half the time, 1t"s becanse the rules are complicated, hard to apply, or unknown;
and half the tme_ it"s because the thing doesn't follow rules.

(g) Usually it’s because the thing doesn’t follow mles; but sometimes 1t"s becanse the mles
are complicated hard to apply, or unlmown.

A=4B=0C=3 D=2 E=1

20. In physics and chemistry, how do the most important formulas relate to the most
important concepts? Please read all choices before picking one.

(a) The major formulas summanze the main concepts; they're not really separate from the
concepts. In addihon, those formulas are belpful for solving problems.

(b} The major formmulas are kind of "separate” from the main concepts, since concepts are
wdeas, not equations. Formmlas are better charactenzed as problem-sohiang tools, without
mmuch conpcepinal meanmg.

() Mostly (3}, but a little (b).

{d} About half (a) and half (b).

{e) Mostly (b}, but a little (3).

A=4B=0.C=3D=2LE=1

23. Of the following test formats, which 15 best for measunng how well students
understand the matenal in physics and chemistry? Please read each choice before
one.

(l:}l A large collection of short-answer or multiple chowce questions, each of whach covers one
specific fact or concept.

(b} A small number of longer questons and problems, each of which covers several facts and
concepts.

{e) Compromise between (3) and (b), but leamng more towards (3).

(d}) Compromize between (z) and (b), favonng both equally.

{g) Compromise between (3) and (b)), but leamng more towards (b).

A=0B=4C=1.D=2E=3

24

Brandon: A good science textbook should show how the material in one chapter relates to
the matenal in other chapters. It shouldn’t treat each topic as a separate "unit,”
because they're not really separate.

Jamal: But most of the time, each chapter is about a different topic, and those different
topics don’t always have much to do with each other: The texthook should keep
everything separate, mstead of blending it all together.

With whom do you agree? Bead all the choices before circling one.

{2) Iagree almost entirely with Brandon
() Although I agree more with Brandon, I think Jamal makes some good pomts.
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{c) Iagree {or disagree) equally with Jamal and Brandon.

(d} Although I agree more with Jamal, I think Brandon makes some good points.
{e) I agree almost enfirely with Jamal

A=4B=4C=2D=1E=0

28

Leficia: Some scientists think the dinosaurs died out because of volcanic eruptions, and
others think they died out because an asteroid hit the Earth Why can’t the scientists
agres?

Misha: Maybe the evidence supports both theories. There’s often more than one way to
interpret the facts. So we have to figure out what the facts mean

Leticia: I'm not so sure. In stuff hike personal relationships or poetry, things can be
ambiguous. But in science, the facts speak for themselves.
{a) Iagree almost entirely with Leficia.
{b) I agree more with Leticia, but I think Misha makes some good pomts.
() I agree (or disagree) equally with Nisha and Letiesa.
{d} I agree more with Misha, bt I think Leticia makes some good poants.
(g) I agree almost entirely with Micha

A=0,B=1,C=2D=3,E=4
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11.

12.

13.

18.

Axis 2: Nature of knowing and learning

Tamara just read something in her science textbook that seems to disagres with her
own experiences. But to leam science well, Tamara shouldn’t think about her own
expeniences; she should just focus on what the book says.

A=4B=3C=1,D=05E=0

A teacher once said, “T don’t really understand something until I teach it ™ But
actually, teaching doesn’t help a teacher understand the material better; it just
reminds her of how mmch she already knows.

A=4B=3C=2D=1LE=0

When handing in a physics or chemistry test, you can generally have a sense of how
well you did even before talking about it with other students.

A=0,B=1,C=2,D=3E=4

When learming science, people can understand the material better if they relate it to
their own ideas.

A=0B=05C=1D=3E=4

If physics and chemistry teachers gave really clear lectures, with plenty of real-life
examples and sample problems. then most good students could leam those subjects
without doing lots of sample questions and practice problems on their own.

A=4B=3,C=1D=05E=0

If someone is trying to leam physics, is the following a good kind of question to
"Two students want to break a rope. Is it better for them to (1) grab opposite ends
of the rope and pull (like in tug-of-war), or (2) tie one end of the rope to a wall
and both pull on the other end together?”

(2) Yes, definitely. It's one of the best kinds of questions to study.

(b} Yes, to some extent. But other kinds of questions are equally good.

{c) Yes, a hittle. Thas kind of question is belpful, but other kinds of questions are more
helpfol

(d) Mot really. This kind of question 1sn’t that great for learming the main ideas.

{e) Mo, definitely not. This kind of question isn't helpful at all.
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A=4B=35C=15D=05E=0

26.

Justin: When I'm learming science concepts for a test, I like to put things m my own
words, so that they make sense to me.

Dave: But putting things in your own words doesn't help you leam. The textbook was
written by people who know science really well. You should leamn things the way the
textbook presents them_

(a) I agree almost enfirely with Justn

(b} Although I zgree more with Justin, [ think Dave makes some good points.
(c) I agree {or disagree) equally with fostn and Dave.

{d) Although I zgree more with Dave, I think Tustm makes some good pomts.
(e) I agree almost entirely with Dave.

A=4 B=4C=2D=1E=0

30.

Jessica and Mia are working on a homework assignment together. .

Jessica: O K. we just got problem #1. I think we should go on to problem #2.
Mia: Mo, wait. I think we should try to figure out why the thing takes so long to reach the

ground
Jessica: Mia, we know it's the nght answer from the back of the book, so what are you
wormed about? If we didn’t understand it, we wouldn't have gotten the right answer.
Mia: Mo, I think it’s possible to get the right answer without really understanding what it
means.
(a) I agree almost enturely with Jasmica.
() I agree more with Jessica, but I think Mia makes some good points.
() I agree (or disagree) eqgually with Mia and Jessica.
(d) I apres more with Mia, but I think Jessiea makes some pood points.
() I agree almost entirely with Mia

A=0B=1,C=2,D=3,E=4
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Axis 3: Real-life applicability

3. Obviously, computer simulations can predict the behavior of physical objects like
comets. But simulations can also help scientists eshmate things mvelving the
behavior of people, such as how many people will buy new television sets next year.

A=0,B=1,C=2,D=35E=4

14, Understanding science is really important for people who design rockets, but not
important for politicians.

A=4 B=3C=2D=1E=0

19. Scientists are having trouble predicting and explaming the behavior of thumder
storms. This could be because thunder storms behave according to a very
complicated or hard-to-apply set of rules. Or, that could be because some thunder
storms don’t behave consistently according to any set of rules, no matter how
complicated and complete that set of Tules is.
In general, why do scientists sometimes have frouble explaming things? Please

read all options before choosing one.

(a) Although things behave mn accordance with males, those mles are often complicated, hard
to apply, or not fully known

(b} Some thimgs yust don't behave according to a consistent set of rules.

{e) Usually it's because the rmiles are complicated, hard to apply, or unknown; but sometimas
1t’s because the thing doesn’t followr mles.

{d} About half the ttme, 1t"s because the rules are complicated, hard to apply, or unknown:
and half the tme_ 1t"s because the thing doesn't follow rules.

(g) Usually it’s becanse the thing doesn’t follow mles; but sometimes 1t’s becanse the rles
are complicated. hard to apply, or unknown.

A=4B=0C=3D=2E=1

21

Julia: I hike the way science explains things I see in the real world.

Carla: I kmow that’s what we're "supposed” to think, and it"s true for many things. But
let’s face it, the science that explains things we do in lab at school can’t really
explain earthquakes. for mstance. Scientific laws work well in some situations but
not in most sifuations.

Julia: T still think science applies to almost all real-world expeniences. If we can’t figure
out how, it’'s because the stuffis very complicated, or because we don't know
enough science yet.

(z) I agree almost endirely with Julia
(b} I agree more with Tuha, but I think Carla makes some good poinds.
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(e) I agree (or disagree) equally with Carla and Fulia.
(d)} I agree more with Carla, but I think Tulia makes some pood points.
(e) Iagree almost enfively with Carla.

A=4B=4C=2D=1E=0

p Sof 10
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Axis 4: Evolving knowledge

6. When it comes to controversial topics such as which foods cause cancer, there’s no
way for scientists to evaluate which scientific studies are the best. Everythimg’s up
in the air!

A=4B=4C=2D=1E=0

28

Leticia: Some scientists think the dinosaurs died out because of volcanic eraptions, and
others think they died out becanse an asteroid hit the Earth Why can’t the scienfists
agree?

Nisha: Maybe the evidence supports both theories. There’s often more than one way to
interpret the facts. So we have to figure out what the facts mean.

Leticia: I'm not so sure. In stuff hike personal relationships or poetry, things can be
ambiguous. But in science, the facts speak for themselves.
(a) Iagree almost entively with Leticia.
(&} I agree more with Leticia, but I think Misha makes some good ponts.
(c) Iagree (or disagree) equally with Mizha and Leticia.
(d) I agree more with Misha, but I think Teticia makes some good pomts.
() Iagree almost enfirely with Misha

A=0,B=1,C=2,D=3 E=4

i)

Jose: In my opinion, science 15 a little like fashion; something that's "in" one year can be
“out" the next. Scientists regularly change their theories back and forth.

Miguel: I have a different opimion. Once expermments have been done and a theory has
been made to explain those experiments, the matter is pretty much settled. There’s
little room for argument.

(2) Iagree almost entirely with Jose

(b} Although I agree more with Jose, I think Mignel makes some good pomts.
(c) Iagree {or disagree) equally with Mipuel and Jose.

(d) Although I agree more with Miguel I think Jose makes some good points.
(g) Iagree almost enfively with Miguel

A=0,B=2,C=4,D=2,E=0
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Axis 5: Source of ability to learn

5. If someone is having trouble in physics or chemistry class, studying in a better way
can make a big difference.

A=0,B=1,C=2,D=3 E=4

9. Someone who doesn’t have high natural ability can still leamn the material well even
in a hard chemistry or physics class.

A=0,B=1,C=2,D=3,E=4

16. Given enough time, almost everybody could leam to think more scientifically, if they
really wanted to.

A=0,B=1,C=2,D=3E=4

22, To be successfinl at science. ..
(a) Hard work 15 much more important than mbom natural abibity.
(b} Hard work 15 a hittle more mmportant than natural ability.
(c) Natwal abihty and hard work are equally mportant.
(d} Natural abulity 1= a httle more important than hard work.
(e) MWatural ability 15 nmch more mportant than hard werk.

A=4B=3C=2D=1E=0

25
Amnna: I just read about Kay Kinoshita, the physicist. Shgsmmdsmtmaﬂjrbﬂllianl
Emily: Maybe she is. But when it comes to being good at science, hard work is more
important than "natural ability.” I bet Dr. Kinoshita does well becaunse she has
worked really hard.
Anna: Well, maybe she did. But let’s face it, some people are just smarter at science than
other people. Without natural ability, hard work won't get you anywhere in science!
(2) Iagree almost entirely with Anna
(b} Although I agree more with Arna [ think Epwly makes some good points.
(c) Iagree {or disagree) equally with Arna and Emmly.
(d) Although I agree more with Enuly, I thimk Arma makes some good points.
() Iagree almost entirely with Emily.

A=0B=1,C=2D=4E=4
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Name Date

My Ideas About Science

Please provide honest answers to the following questions. There are no night or wrong answers,
and these questions are simply to reveal what you think about science, so I can improve my
teachimg. I'll ask these questions agam at the end of the course to see if your thoughts have
changed In each case circle your answer and explain why you think that way.

About Professional Scienfisis .

1) When scientists are conducting scientific research, do they use their imagmation?
Yes. No. Please Explam

2} Are scientific mvestigations influenced by scienhists” personal beliefs?
Yes. No. Please Explam

3) Do professional scientists collect data maimly to show others that they are mght?
Yes. No. Please Explam

4} Should all scientists use the same or similar methods to camy out investigations?
Yes. No. Pleasa Explam

3) Do you agree that repeating other scientists’ experiments is a waste of ime?
Yes. No. Please Explam

6) If a scientist graphs the data_ there 13 no need for an equation to show the same thing.
Yes. No. Please Explain
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Abour Studenis in Science Class...

1) If science teachers gave really clear lectures with plenty of real-life examples and sample
problems, would there still be a need for laboratory activiies?

Yes. No. Please Explaim

2) Some people say that group work in science class is helpfil only if at least one person in the
group already understands the ideas. Do you agres?

Yes. No. Please Explam

3} If two students make measurements of the same event. would you expect them to come up
with the same data?

Yes. No. Please Explam

4) Some students say that in order to solve science problems it is more important to imderstand
the basic concepts than to make mathematical caleulations. Do you agree?

Yes. No. Please Explain:

3) Some students say that in order to solve science problems it is more important to make
mathematical calculations than to understand the basic concepts. Do you agree?

Yes. No. Please Explaim

&) Do you agree that the kinds of problems you leam to solve in science class have little or no
relation to what you expenience in the real world?

Yes. No. Please Explam

T) Data points on a graph and a mathematical equation are two entirely different things.
Yes. No. Please Explam
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Test: Inquiry Skills and Patterns

Physics: Test 1

Name:

Answer guestions 1-3 based on the following focused research question: "How does the speed of a ball
rolling down a ramp depend on the height from which the it was released on the ramp?”

1. What is the independent variable?

2. Whatis the dependent variable?

3. What are the controlled variables? {i.e. what must you keep constant to make the experiment

precise?)

4. A student observes that a hanging mass accelerates a cart horizontally across a table, as
diagramed below. The student experiments with the cart by placing heavier and heavier masses
in the cart, while keeping the hanging mass the same, and finds the following data. Please fill in

the average and the uncertainty.

Unicertainty in
Mass (kg) Acceleration {m/s%) Average Average
+/-05 Acceleration | Acceleration
Trial 1 Trial 2 Trial 3 (m/s’) (m/s")

20 10.6 10.0 9.4

4.0 5.0 4.6 5.4

B0 2.6 3.0 2.2

120 1.2 16 2.0

20.0 12 0.8 1.0

5. Plot the data points on the grid to the
right. Be sure to check the range of
each axis so that you can scale the axis
to fit your data! Also label your graph,
axes and add error bars!

6. Draw a bast-fit line and identify the
pattern in the data you graphed :

7. Write a one-sentence conclusion for the relationship between mass and acceleration:

-Use the prompt...

Because
between and 5
That is to say in mathematical language =

-Or say it in your own words here....

, | condlude there s a

relationship
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Test: Inquiry Skills and Patterns

Physics: Test 1 Mame:

Distance a Car Travels vs. Gas Used by tre Car

Wha [l bl | Vindoma "omowine: __.-'-‘
i ¢ ,-/.
: 2 u:_:.'_.u =i "-{_‘,
A
o -'{f
.-'l'.:(..
.-_‘_.-'."-"
.--":Jf
[ =
B2 '-:I' f e e |Gl I.l:l.-l I8
8. For the graph above, what does the value of the slope tell you about the car?
9. How would the graph change for a more fuel efficient car?
10. For the Brightness of a Flashlight vs [!;[Ightn DISS <f a Flaghlight ws Gattery Lifc
Battery Life graph shown to the right, ¥ I
identify the pattern in the data. E o II
E ann I|I
- Ball Drop Experimant 2 J_\
} (LRI} ."\
| = *-_\
2 = Nousi
E 3 ) T - )
E o i In i n
L5 u il b eas of Fash i vt
£ oy
E 11. For the Ball Drop Experiment graph to the
i left, identify the pattern in the data.
e
4 0 i
a2l e bl elxeds:
12. How many seconds are in a year?
(Show your steps)
13. Convert the speed of light, 3x10° meters/second, into Miles per hour.
{Show your steps)
14. If you went the speed of light for a year how far have you travelled?

{answer can be in meters or miles)
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Test: Inquiry Skills and Patterns Physics: Test 1 Mame:

Describe 4 common patterns in nature graphically, mathematically, and in words: (Use the example
graphs on the next page to help you)

Pattern: Linear Pattern: Quadratic

Mathematically... Mathematically...
¥= y=

Words... Words...

as ¥ gets larger, as ¥ gets larger,

theny then y

Pattern: Inverse Pattern: Inverse Square

Mathematically... Mathematically...
y= y=

Words... Words...

as ¥ gets karger, as ¥ gets larger,

theny theny
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Interview questions: (& Interviews done individually, Audic Recorded)

-Content Questions (Ficked one for each student)
1) -Here is a plot developed by a computer scientist trying to determine the relationship between the
number of words and the number of pages in a book, each point on the graph represents a different

Draw an approximation of the best fit line of the data on the paper.

What sort of relationship does this line represent?

Describe it in plain words.

What are the uncertainties in these measurements?

What could the experimenter do to be more certain that this is the comect relationship between the 2
variables?

2) -An engineer is developing a crane equipped with a magnet for lifting wrecked cars. Here is her plot of
the weight of the car vs. the distance between the magnet and the car to lift it off the ground. ..

Draw an approximation of the best fit line of the data on the paper.

What sort of relationship does this line represent?

Describe it in plain words.

What are the uncertainties in these measurements?

What could the experimenter do to be more certain that this is the comect relationship between the 2
vanables?

3 i .

What is Science?

If you were to repeat the experment, would you expect to come up with the same results?
Please explain why or why not.

How is the information given in a graph similar to or different than the eguation of best fit?

Whiy is it better for someone to use these graphs to make a data informed decision than for them
to simply make a wild guess?

You have developed the skill of interpreting graphs as a relationship between 2 variables.
Can you see yourself using this skill in future? If so, how?
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Imterviewee #1 (first graph)

Andy T

-Wha‘l: is the best fit line?

- IFunecl‘m-em {:hangﬁ- in IhE p-n-Erh'n.re direction, Theuther one changﬁ in the positive direction.

- How asccurate do you think the measurements are?
—They appear pret‘_.ranwrateasmey EI'Engrﬂy g‘wped

—in pages ahuut 50 paﬂEﬁ"Lh.th:.uunhﬂuf.undﬁ.J—A ot mmumx.dn.m.ttl:k.thaﬂl—ﬁe scale
on the y is a lot more spread out There are more words than pages....
- 1f were doing this iment, what would do to try and make your resulis more accurate?
— Paossibly adjust for words per page, or only count complete pages. Mot include the short ones at the
end of the chapter. Also adjust for font size or different fonts?
- Is there amything you could do to be more certain about the relationship?
— Use the pattern, Possibly take a really, really long book and see if it adheres to your relationship.
-fure there any things that youw would have to keep constant during this experiment?
— Font size, page size, justification, margins.

- | hawe a few general nature of science guesfions. ..

If you had to define science. what would you define it as?

— | would define science as predicting the future based on past events. Or investigating the past based
on the present.

=If you were to t am &) im woiild [= to come up with the same resulis?

— If it was a well-planned experiment, yes. (- What do you mean by well-planned experment?) — If all of
the variables that need o be controlled are controlled. There is nothing that changed to make the
experiment different. You keep all of the stuff that would affect the results that you wouldn't expect
constant. (- Do woy think vou could control everyihing2i— Mo, you could not possibly control everything,
but you could get it within an acceptable margin of emor.

=if have information ocn a like this,_a scatier how is it different from r best fit line?

— they are similar because they express the same pattern, but they are different because the scatterplot
gives you more precise values and more realistic results. They are more true to life.

—If you had a margin for emor, like emor bars, it would be more true to life because the best fit is just that.
The line does not give you the sense for minor jumps of bumps in your data, idiosyncrasies.

- Why is it better for someone to use graphs and ations to make a data informed decision?

— A graph, depending on how carefully it was collected, can allow you to make an exact guess or a better
informed guess about what is going to happen.

- Do you see yourself using the skill of interpreting graphs in the future?

—Yes, all the ime_(- Give me an example. ..} Lots of news is presented in graphs, stocks, weather
pattemns. Graphs are a highly useful mechanism for communicating data. More people will probably use
them with the advent of persanal portable media.(__How wouyld vou sec voyurself ysing this in g carcer, if
you had a career in mind?}— | think that | will definitely use it as a software engineer, collecting data and
being able to express it for research purposes.
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Interviewee #2 (second graph)

Emerald

- Described _ I had to draw a line of best fit for that data, what would you draw?
—Irememberlnesﬂfbestﬁt but not the name. .. Maybe |merse‘?‘

—xis ﬂ'le neaghtufmecar ¥ |5the rnagnel.dlstancae

to the other variable? - If double the mass_usi r imverse relationship, what
EE to ﬂr ma_\gne-t :iEtEI'mE‘?‘[—I't is dmded by...2.

- Ex,acl'? 'I'here are uncertainties in the max dsta‘me pfubabl]rfmm movement and the weight of the car,
but | can't say exactly. (- Can you Ihnl: of any other things that would cause uncertainties in

measufrnerﬂsntrﬁﬂ [—meud1mela]|5|nﬂ1ecar

—Useﬂ'nesanecareverytlne {_mﬂ—BecameywwwkﬂkmhuwnmmmeldsntMcar
Some cars are mostly plastic. | guess it would reduce the weight, but you would have to have some
metal to pick it up. | think it is just good for control because then you are not changing car every time, you
can just increase the weight.

2In woyr opinion what js science?
— | don't like those kinds of questions. . | guess it is trying to answer questions about the world using
ExperlnmlE and nbsewatME

—Nntli'leexac:lsame. ImLid hupeﬁ:rﬂ'te_r.amere-suﬂs Imldno‘texp&ctheexan’tﬁmeresdis
because you hawve that uncertainty and because of human emor. That would be really hard, unless
maybe you have computers doing it for you.

- Along with that_why is it better for someone to use graphs o make a decision than to guess?
—Because they are more exact (Why) Because they use data from past experiments to graph how it will
happen further along in the future. | am no good at this....

- How would you use this in the future. Meodeling your data and interpreting graphs.

—I hawve to use it in math, and you have use it in business. | don't plan on becoming a scientist. (- Do only
science people use graphs?}— Mo, business people use graphs too. Scientists use them more; | dom't
think you use them wery much in music. 1 want to know how a musician would use a graph.

(- Maybe if you are fiding your instrument you could use them.}— | guess the wavelengths you could
graph. (- Or if you wanted fo build your own instrument. }— | am not sure you would need a graph.
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Imterviewee #3 (first graph)

Spencer

- Look at the first gra ined. If had to give it a best fit line, what would it ba?

— it would be a linear fit because all of them are pretty much dose io each other going in the same
direction. (What do you mean by that) They are all really close to each other as they all fravel along the
line.

- If you double the number of pages in the book, what happens to the number of words?
—Itdmbles, rthEtguﬁ-upandeEndupmdup

—Litehuwmany'nun:IE hereareunﬂ'lepage'? Is-lhalwhat'_.-uuarelnul;mgl‘or’" Diagrams, if those
take up part of the page.

- If you were doing this experiment, what could you do to be more certain about the relationship you
found?
— | would do twice the number of books to try to get more accurate best fit line. (anything else) That is

pretty much it

- What is science?

— An explanation of facts! It is explaining things that previously we explained in les sensible ways. For
example, when god is angry lightning strikes. That makes less sense than friction caused by air masses
mowving against each other. | view it as explaining things and fueling our cuniosities. It is our tool

- 1f at an iment do o come up with the same results?

—Gmaﬂyeveqrtrne HIdm‘tlhEﬂEihElmyu‘ngnElEﬁpEﬂnmtwasﬂawEdurldu:lsamehngwrmg.

—H’FEIthEbEHﬁtinenstguﬁstalgHﬁrm:ghlL Itlsrntamualeballnfmepunb exactly, it is
accurate to line that all of the points make.

—Why is it better to use a graph to make 3 decision than to make 3 guess.
— Graphs are a uenrnl::ewsual aide. Ag.les& hasaueqh@'l ma.rglnl‘erem:r

- M'_lp dad and | Ilh:e to do mm:bm SCience Expenmeris about anything from transportation to light speed
travel. If we actually get to do something along those lines and graph it that could be helpful for us
leaming how crazy or super cool it could be. (what is an example of something you do?) —We try fo prove
if warp, on star trek, would be possible. Although there are so many things that we don't know that it kind
of makes our findings invalid.
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Imterviewee #4 (second graph)
Mathan M
-| poking at the second graph, explained. What do you think the best fit line of that data would be, what

relationship would it have?
— | would say an inverse Equatim

—It'nmlddmaseb'y!-i E.niteiﬂmdslancewasmmeaar rtwml-dg-utu E-mel.ers
= What kind of uncertainties are there in that graph or ex ent?
— Wind, Ihetjpeufmatenal becamemcarsmuldbememag}emthan cdhers.

do?
— Use the same car every time, that's it

_1f1 R ?
— Science is taking something unknown and figuring it out and figuring ocut why and how it works. That is
what we use science for.

- if an experment, would to come up with the same results?

—I'nmldhupe-sa Ifnnt Imlddnﬂ’tee:q:enmerrtaﬁ- time and see how they compared.

—'Ihe-beslﬁtlne&taklruthe polnisda_r.e-sttume Ine- menfhemmlghthea litthe bit off, but you see
which 1he1_.' relate closest fo, like the linear or the wadr:lhc nr1he inverse.

—Becmsehenymcmseeﬂ'\EEMEEanpleszeanddmaﬁsmmhslscmlnuk at your results and
check it out to see if the graph makes sense. To check your work.

- How would you use this skill in the future?

— Using what, the difference betweean 2 graphs? (of interpreting data on a graph) | could use it if | wers
buying a new car and looking at how fast it goes. Tell me the acceleration from speed. If | were going
intz a science field | could use it to plot something, if | had a gquestion about what was going on. (—WWhat
careers do you think use graphs?}— Obwiously science and physics and math, but | think accounting and
business hawve graphs relating to other kinds of stuff — Did | fail??
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Imterviewee #5 (first Graph)

Aaron

—If you had to draw a best fit line for that dat what do you think it would look like?
— Pretty much a siraight line. Starting at 0,0 and going up. A pmtr'.le relationship.

—numudp&tmuyﬁmumxm"'

- What do you think thie uncertainties for that experimant would ba?
— Plus or mi'lus 5% for the mtb | thimk.

—mhﬂﬁm&mdﬂmm“tidgunmtrmmams

- What could you do fo be more certain about your relationship?
— Maybe use books by the same author. They would probably use the same font.

—Whatis science?

— Basically using resources to understand our world in a better way. (What do you mean by rescurces?)
Like doing experiments.

- If were io an & iment would come up with the same results?

— Depending on what the experiment is. If they were different, | would figure out what was different
between the experiments.

- How is the best fit ine different from the points on the graph®

—Well the line of best fit seems like they get further away the poinis as you get further along the x axis.
(im general?) The data points won't always line up on the line, but they will usually be pretty close?
—Why is i befter to use araphs than io make 3 gyass?

— Graphs help you visualize it better and you can actually follow the line. Like you can actually predict
that if you have more word there will be more pages.

- How do you see yourself using this skill in the future?

— Writing down graphs and visualizing? |t would help to predict stocks and everyday things like is this.
person going to be able to stop before | cross the street? Lots of engineering jobs use it, like civil
engineers hawve to graph the strain on different points of the bridge.
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Interviewee #3 (second graph)
Cuinlan

- That Graph is an ineer d ing a crane that has a magnet for lifting wrecked cars. There is a
showing the weight of the car vs. the maximum distance away o pick wp the car. Does that make sense?

— It I-mh& Iun-d m‘ Ilte an inverse

—If you double the weight of the car what would happen to the maximum distance?
— It wa.lld geld-u.lhly smaler ltis hardtu tell.. IFltls-heamerllmllgE‘tmmeas small.

—nge5upto E‘EEIIII" Maybemedls-tanoe tEBE.IJSEItnI‘Ih'gE'S-tCI 10 me‘bers I:scyuuaresayng that
the distance would be more uncertain because itisa smiiler range"‘] ‘ﬁ_-ﬁ-

— | would do it again. Repeat it and see if you get the same data. Or take more data points to make it
more exact. (- In this ri what factors would make r measurements less accurate or cause
ermo?}— | don't know. If the car was a different... It seems pretty accurate if you are just lifting a car with
a magnet

- If | asked you the general guestion, 'what is science? what would you say?
—I don't know. The study of the world. | don't know, it is so general... A scientist studies a specific thing

about the waorld, Ihey make Exp-enma'llz

—‘r’uu'nmldprababtygetmeEameresdiﬁ-rfwuperfnnmdltexawythesmway (- If you didn't get
the same results, what would you do?}— Make sure you are controlling all of the variables.

-Ona how is the best fit ation that use to model r data, how is that different than the
gdata points?

— Well it is the average, night? Woell it is the best fit.. | don't know what | am trying to say. (- Ok, so if vou
used r ation and calculated a value and put that on your graph, how is that different than
measured values. }— It is simulated from the equation. It is like a hypothesis, kind of an educated guess
haseduﬁ'ufﬂ'leemahm

- I't is pnml:lal:lh_.I more Eu:anurate If there is previous. dala Ih-at muld lead yoiu tcl believe IhEI. itis a certain
way.

- How can you see yourself using youwr graphing skills in the future?

— As a career or daily life? (either one) Probably, Just looking at how 2 things relate to each other, or
how more than 2 things relate. | am interested in business. (how would you use something like this in
business?) Tracking tremds... Graphs are in everyday life so it is useful to know how o use them. Just
looking at how things fluctuate owver time._.
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