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"Battelle Controlled Experiment Module Template"

This module has been developed from the Battelle Controlled Experiment Module Template to help students through the
scientific process of asking a question, gathering background knowledge, developing and carrying out testing, gathering data,
analyzing data, and reporting on that analysis. This module addresses Middle School Earth and Space Science Standard 6-2,
which focuses on the uneven heating of the Earth's surface. Students will be able to choose how they explore this concept
through a variety of perspectives:

e Uneven heating on beaches that create breezes
e Impact of moisture content on heating
e |mpact of albedo on heating (could be connected to global warming, ice caps)

Content is embedded throughout the module, but providing students with an overview of Earth's uneven surface heating and
its impact may be necessary. Additionally, this module walks students through the process real scientists go through in order
to write a scientific research paper. While prior knowledge of the scientific writing process is not necessarily required, key
vocabulary might need to be taught/reviewed (ex. hypothesis, independent variable, dependent variable, etc.).

The Battelle Controlled Experiment Module Template allows students to investigate a question they have in hopes of learning
information that can better society or re-test information to help prove it in a real-world application.

It has been designed to be the second module of a three-part Battelle LDC Science Collection: Data Analysis, Controlled
Experimentation, and Design. The series represents a continuum of skills that build upon each other. For instance, the Design
Process is predicated by the ability to test solutions in a controlled manner (i.e., carry out a controlled experiment), and the
ability to carry out a controlled experiment that produces meaningful results is predicated on the ability to accurately analyze
data. It is advisable, therefore, that students be relatively fluent in experimentation prior to completing the design module—and
relatively fluent in data analysis before completing a Battelle Controlled Experiment Module. If your students do not yet have a
sound foundation in data analysis, they should complete a Battelle Data Analysis Module first. If they are already easily
analyzing data to draw conclusions, this module should be a good fit.

GRADES DISCIPLINE COURSE PACING

6-8 A Science = Earth and ® 21nr
Space Science

This work is licensed under a Creative Commons-Attribution-NonCommercial-ShareAlike 4.0 International Public License (CC BY-NC-SA 4.0 Int).
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Section 1: What Task?

Teaching Task

Task Template BETA B - Argumentation

After researching informational texts on how the uneven heating of the earth's surface impacts the environment and conducting
an experiment on a factor that impacts surface temperature, write a scientific research paper in which you discuss your
background research, experimental methodology, data analysis, and results and argue how a specific factor impacts the earth's
surface temperature. Support your position with evidence from your research. Identify any gaps or unanswered questions. Include
tables and/or charts to help convey your message to your readers. Include references. Give one to two example/s from past or
current events to illustrate and clarify your position.

Standards

Common Core State Standards for English Language Arts & Literacy in History/Social Studies, Science, and
Technical Subjects

RST.6-8.1

Cite specific textual evidence to support analysis of science and technical texts.

RST.6-8.2

Determine the central ideas or conclusions of a text; provide an accurate summary of the text distinct from
prior knowledge or opinions.

RST.6-8.3

Follow precisely a multistep procedure when carrying out experiments, taking measurements, or performing
technical tasks.

RST.6-8.9

Compare and contrast the information gained from experiments, simulations, video, or multimedia sources
with that gained from reading a text on the same topic.

WHST.6-8.4
Produce clear and coherent writing in which the development, organization, and style are appropriate to task,
purpose, and audience.

WHST.6-8.7

Conduct short research projects to answer a question (including a self-generated question), drawing on
several sources and generating additional related, focused questions that allow for multiple avenues of
exploration.

SL.8.4

Present claims and findings, emphasizing salient points in a focused, coherent manner with relevant
evidence, sound valid reasoning, and well-chosen details; use appropriate eye contact, adequate volume,
and clear pronunciation.

WHST.6-8.1

Write arguments focused on discipline-specific content.

Next Generation Science Standards

Ask questions that can be investigated within the scope of the classroom, outdoor
environment, and museums and other public facilities with available resources and, when
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appropriate, frame a hypothesis based on observations and scientific principles.

Construct a scientific explanation based on valid and reliable evidence obtained from
sources (including the students' own experiments) and the assumption that theories and
laws that describe the natural world operate today as they did in the past and will continue
to do so in the future.

Construct an explanation that includes qualitative or quantitative relationships between
variables that predict phenomena.

MS-PS1-4
Develop a model that predicts and describes changes in particle motion, temperature, and state of a pure
substance when thermal energy is added or removed.

MS-ESS2-6

Develop and use a model to describe how unequal heating and rotation of the Earth cause patterns of
atmospheric and oceanic circulation that determine regional climates.

MS-PS1-2
Analyze and interpret data on the properties of substances before and after the substances interact to
determine if a chemical reaction has occurred.

Next Generation Science Standards (NGSS Comprehensive)

MS-PS2.SEP.2.

Planning and Carrying Out Investigations - Planning and carrying out investigations to answer questions or
test solutions to problems in 68 builds on K-5 experiences and progresses to include investigations that use
multiple variables and provide evidence to support explanations or design solutions.

Texts

i Weather_and_Air_Pressure_Reading.pdf
I Text List for Surf and Turf.docx
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Student Work Rubric - Argumentation Task - Grades 6-8

Controlling
Idea

Selection &
Citation of
Evidence

Development /
Explanation of
Sources

Organization

Conventions

Content
Understanding
(Generic)

Emerging

Makes an unclear or unfocused
claim.

Includes minimal details from
sources. Sources are used without
citation.

Explanation of ideas and source
material is irrelevant, incomplete, or
inaccurate.

Lacks an evident structure. Makes
unclear connections among claim,
reasons, and evidence.

Major errors in standard English
conventions interfere with the clarity
of the writing.

Language or tone is inappropriate.

Attempts to include disciplinary
content in explanation or argument
but understanding of content is weak;
content is irrelevant, inappropriate, or
inaccurate.

Approaches Expectations

Makes a general claim that
addresses the prompt, with an
uneven focus.

Includes details, examples, and/or
quotations from sources that are
relevant to the claim.
Inconsistently cites sources.

Explanation of ideas and source
material is minimal or contains
minor errors.

Groups ideas and uses some
transitions to connect ideas, with
some lapses in coherence or
organization.

Errors in standard English
conventions sometimes interfere
with the clarity of the writing.

Uses language and tone that are
sometimes inappropriate for the
audience and purpose.

Briefly notes disciplinary content
relevant to the prompt; shows basic
or uneven understanding of content;
minor errors in explanation.

Meets Expectations

Establishes and maintains a clear
claim that addresses all aspects of the
prompt.

Includes details, examples, and/or
quotations from sources that are
relevant to the claim and supporting
ideas.

Consistently cites sources with minor
formatting errors.

Accurately explains ideas and source
material and how they support the
argument.

Groups and sequences ideas to
develop the controlling idea. Uses
transitions to clarify the relationships
among claim(s), reasons, and
evidence.

Consistently applies standard English
conventions; minor errors, while
noticeable, do not interfere with the
clarity of the writing.

Uses language and tone appropriate
to the audience and purpose.

Accurately presents disciplinary
content relevant to the prompt with
sufficient explanations that
demonstrate understanding.

Advanced

Establishes and maintains a clear,
specific, and credible claim that
addresses all aspects of the prompt.

Includes well-chosen details,
examples, and/or quotations from
sources that support the claim and
supporting ideas. Consistently cites
sources using appropriate format.

Thoroughly and accurately explains
ideas and source material, using
reasoning to support and develop the
argument.

Groups and sequences ideas logically
to develop the controlling idea and
create cohesion. Uses varied
transitions to clarify the relationships
among claim(s), reasons, and
evidence.

Consistently applies standard English
conventions, with few errors.
Demonstrates varied syntax and
precise word choice.

Consistently uses language and tone
appropriate to the audience and
purpose.

Integrates relevant and accurate
disciplinary content with thorough
explanations that demonstrate in-
depth understanding.
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Background for Students

Big Picture Question to Guide Module: How does the uneven heating of the Earth's surface impact the environment?

You know how experiments work in school: You spend a day or two setting up a controlled experiment, then a class period
performing the experiment, and that night writing up a quick lab report. Then you get a grade and move on. But have you ever
wondered how scientists conduct experiments in real life? And what happens to their information and data once the experiment is
complete? This module is designed to walk you through this scientific process from start to finish, working as a real scientist
would. We will develop a scientific question about a relevant world topic, research past experimentation, create a unique and
thoughtful experiment, analyze data, and discuss findings in order to provide advice for society.

To be successful in this module, you will need to think critically, manage your time well, and give serious thought to the
experimental design process. Your culminating deliverable will be a paper modeled on those written by practicing scientists every
day.

Extension

The Scientific Poster skill set can be an optional extension for your project. The process of transferring the peer-reviewed-style
paper to a scientific poster is a quick process and necessary if you are interested in having your students present their findings in
an organized presentation setting such as a science fair. However, the scientific poster is not the main focus of this module.
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Section 2: What Skills?

Preparing for the Task

TASK ANALYSIS: Ability to review task and identify goals, benchmarks, and deliverables.

IDENTIFYING FEATURES OF A SCIENTIFIC RESEARCH PAPER AND EXPLAINING WHAT THOSE FEATURES
CONVEY ABOUT THE SCIENTIFIC PROCESS: Ability to review scientific research papers and identify and explain
common features.

BACKGROUND READING: Ability to read and highlight the main points of a text to understand background content.
ASKING A TESTABLE QUESTION: Ability to ask a question that can be tested using a controlled experiment to benefit
society.

Reading Process

SOURCE CREDIBILITY: Ability to evaluate credibility of sources.

FINDING RELEVANT TEXTS: Ability to find and identify texts that present research that addresses similar experimental
questions.

NOTE-TAKING: Ability to select important facts and pre-existing findings for use in one's own writing and
experimentations.

POST-READING > CONTENT COMPREHENSION: Ability to analyze content from reading to be applied to one's future
experimentation and future writing.

ACADEMIC INTEGRITY: Ability to identify and credit sources appropriately.

Writing a Method

RESEARCH PREVIOUS METHODS: Ability to examine previously used methods from other scientists and determine
strengths and weaknesses of those methods.

IDENTIFY GOALS OF EXPERIMENT: Ability to identify the overarching goals and subgoals of an experiment to be
performed.

IDENTIFY SAFETY CONCERNS: Ability to identify and list possible safety concerns and methods to maintain safety
during experimentation.

DEVELOP A HYPOTHESIS: Ability to develop and justify a hypothesis about the outcome of an experiment.
WRITING THE STEPS OF AN EXPERIMENT: Ability to transform goals of experiment into a followable method (set of
steps) to be used during an experiment.

WRITING A DATA COLLECTION METHOD: Ability to develop a data collection method to be used during an
experimentation process.

Experimentation Process

CONDUCT EXPERIMENT AND COLLECT DATA: Ability to use standard scientific practices to conduct an experiment
and collect data.

Interpreting Data

REPORT DATA: Ability to accurately report findings.

DRAW CONCLUSIONS ABOUT DATA: Ability to draw conclusions, logical connections, or correlations from data sets.
DATA REPRESENTATION: Ability to display data in plots, tables, and figures.

IDENTIFYING LIMITATIONS OF AN EXPERIMENT: Ability to identify and articulate known weaknesses in methods or
data collection used in an experiment.

Writing a Rough Draft

OUTLINE: Ability to identify and outline the following sections of a scientific report: Title, Abstract, Introduction, Methods,
Results, Discussion, Acknowledgements, References.
WRITING THE METHODS: Ability to translate step-by-step methods for experimentation into paragraph form.
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WRITING THE METHODS: Ability to translate step-by-step methods for experimentation into paragraph form.
REPRESENTING THE RESULTS: Ability to incorporate results from experiment in forms of graphs, tables, or written
explanations without speculations.

DISCUSSING/ANALYZING THE RESULTS: Ability to compare and contrast the results from an experiment in relation to
background information on the topic.

IMPLICATIONS: Ability to identify implications of an experiment for society, limitations of the experiment, and next steps
for future study.

ACKNOWLEDGEMENTS: Ability to identify major contributors to the research project.

REFERENCES: Ability to track sources of research in citations to be included in the final paper.

WRITING THE INTRODUCTION: Ability to write an introduction to a scientific research paper including the research
question, hypothesis, and background research.

WRITING AN ABSTRACT: Ability to write an abstract giving a brief (150-200 words) overview of the entire paper.
FORMULATING THE TITLE: Ability to formulate a title suited to scientific work.

Revision Process
PEER REVIEW: Ability to provide meaningful feedback on a scientific research paper for a partner.
TECHNICAL WRITING REVISION: Ability to proofread and format a final paper.

FINAL DRAFT: Ability to create a final draft to broadcast results of an experiment, including all elements from original
outline.
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Section 3: What Instruction?

PACING

SKILL AND DEFINITION

Preparing for the Task

20 mins

20 mins

TASK ANALYSIS: Ability
to review task and identify
goals, benchmarks, and
deliverables.

Additional Attachments:

PRODUCT AND PROMPT

UNIT OVERVIEW-
SCIENTIFIC RESEARCH
PAPER

You will receive an
overview of the first
module on scientific
research writing. Read the
overview (knowing that this
project will last

several weeks, don't panic)
and annotate the
document with questions
and comments.

e What will you need to
do?

e What vocabulary is
unfamiliar?

e What is the pacing of the

unit?
e What is the product?

% Scientific Research Paper Rubric

SCORING GUIDE

A mastery-level student
product will:

e be annotated with
questions and
comments

e answer the questions
from the prompt

S Module Overview: Controlled Experiment Scientific Research Writing

TASK ANALYSIS: Ability
to review task and identify
goals, benchmarks, and
deliverables.

Standards:

3.2.2 TASK ANALYSIS
As a class we will analyze
the prompt for this module
and break it down so we
know what we’re going to
be learning about.

Meets Expectations:

e Sheet is fully filled
out and student
responses reflect
understanding of the
task.

INSTRUCTIONAL STRATEGIES

1. Write or display the following questions on the board for students:

What will you need to do throughout this module?

What vocabulary is unfamiliar?

What is the pacing of this module?

What is the product you are required to produce? Be specific about
components.

2. Distribute copies of Module Overview to students. Ask students to
read through the handout, making any necessary highlights or
comments and to respond to the questions above.

3. While students are working, circulate around the room clarifying any
expectations and answering any questions students have.

e Read/share important background knowledge about the unit/module
with your students.

e Explain to the class that the goal of this unit/module is to create a
scientific research paper and learn more about the process
scientists go through during the experimentation process. After
completing their research, they will write a scientific research
paper in which they discuss their background research,
methodology of experiment, data, and evaluate the results of the
experiment. They will support their position with evidence from the
text/s.

e Pass out Prompt Reflection Sheet and guide a class discussion
about what each part of the prompt means. Use questions like:

o What will you have to do to successfully answer this part of the
prompt?

o What do you need to learn to be able to do this?

o What parts of this seem easy/what parts seem hard?

e Review the reflection sheets and read them over so you have
a good sense of how well each student understands the task;
provide additional feedback and support as necessary in
the following days.

CCR.W.5 : Develop and strengthen writing as needed by planning, revising, editing, rewriting, or trying a new approach.

CCR.R.1: Read closely to determine what the text says explicitly and to make logical inferences from it; cite specific textual evidence when writing or speaking
to support conclusions drawn from the text.

Additional Attachments:

Il SurfandTurfPromptReflectionExample.pdf

I Surf and Turf Prompt Reflection.docx
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25 mins

30 mins

IDENTIFYING FEATURES
OF A SCIENTIFIC
RESEARCH PAPER AND
EXPLAINING WHAT
THOSE FEATURES
CONVEY ABOUT THE
SCIENTIFIC PROCESS:
Ability to review scientific
research papers and
identify and explain
common features.

Standards:

IDENTIFYING
COMPONENTS AND
STEPS IN THE
EXPERIMENTATION
PROCESS

After reviewing several
controlled experiments,
create a comprehensive list
on a Google Doc of the
components and steps in
the experimentation
process. Write one to two
sentences explaining each
component or step.

Student work that meets
mastery expectations of
this skill will:

Identify the

sections of scientific
research papers
Identify the
steps/process
scientists follow
while writing
scientific research
papers

Explain each section
in detail

Explain the reasons
why scientists follow
a specific process
while performing
experiments.

1. After students have reviewed and annotated the module overview
sheet, explain to them that the first step will be to review scientific
research papers in order to become familiar with the controlled
experimentation process.

2. Provide students the attached link to sample lab reports (teacher
resources), or provide several hard copy examples for students to
review.

3. Distribute the attached graphic organizer and provide the following
directions to students:

o Take a few minutes to review a few of the scientific research
papers.

o Using the graphic organizer, identify the different sections you
find, the process the author went through to develop that section,
and the purpose it serves in the report.

4. After 10-15 minutes have students share their findings with their
neighbor or table group.

5. After students have had a few moments to share, open the
discussion to the entire class.

6. Create a class list of the different components of the controlled
experimentation process.

SL.8.4: Present claims and findings, emphasizing salient points in a focused, coherent manner with relevant evidence, sound valid reasoning, and well-chosen
details; use appropriate eye contact, adequate volume, and clear pronunciation.

RST.6-8.6 : Analyze the author's purpose in providing an explanation, describing a procedure, or discussing an experiment in a text.

Additional Attachments:

Il CommonExperimentsLabReportGraphicOrganizerExample.pdf

% Link to Sample Scientific Writing Papers Website

S Common Experiments Graphic Organizer

IDENTIFYING FEATURES
OF A SCIENTIFIC
RESEARCH PAPER AND
EXPLAINING WHAT
THOSE FEATURES
CONVEY ABOUT THE
SCIENTIFIC PROCESS:
Ability to review scientific
research papers and
identify and explain
common features.

CREATING AN
ANNOTATED
BIBLIOGRAPHY

In groups of two to three,
use the graphic organizer
and scientific research
papers provided to you by
the teacher to create an
annotated

bibliography consisting of
three sources to include in
your paper.

Mastery-level student
work will have three
sources annotated to be
included in the final
paper.

These three
annotations are
documented on the
graphic organizer
and include the
following information
from the provided
scientific research
paper:
o research
question
o independent and
dependent
variables
o material and
methods
results
o conclusions

A five-sentence
summary
(annotation) of each
source should
include the detailed
information from the
graphic organizer.

1. Remind students that the previous mini-task focused on identifying
the different sections in scientific research papers. Clarify any
questions students still have.

2. Distribute the "Annotated Bibliography Graphic Organizer" in either
digital or hard copy and have a student read the directions.

3. Review the different information students will need to include for
each source.

*You may need to discuss what a scientific primary source is with
students if you have not done so already. The term is officially defined
on the graphic organizer as "a text that provides a full description of an
original research study." The paper they will be writing, for example, is
a scientific primary source.

Point out that students need to provide general information about the
sources, such as the title, authors, and date conducted, in a link. Direct
students to the different boxes and ask these guiding questions to
students:

e What do you notice about the type of information you will need to
find?
o Some boxes are sections that were identified in the previous
mini-tasks, others are not

e Where do you think you can find some of the information that isn't in
its own section?
o The research question and variables should be located in the
introduction section of a scientific research paper

e How much do you think you would need to write to successfully
annotate each section?
o Varies depending on the box and level of students (suggested
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Standards:

range: 1-5 sentences)

e What information should go in the summary/annotation section of
the graphic organizer?
o Each sentence should include a summary of information from
each box

4. Display or distribute the sample lab and graphic organizer (summary
not included, will be created by students) and have students review
how information was collected.

5. In pairs or small groups, have students practice writing a
summary/annotation of the experiment.

6. After 5-10 minutes have a few groups share out the summaries they
created and evaluate their effectiveness as a class.

7. Have students use the graphic organizer to find and review at least
three scientific primary sources.

e Sources can be provided by the teacher or found by students
depending on level of students.

RST.6-8.2 : Determine the central ideas or conclusions of a text; provide an accurate summary of the text distinct from prior knowledge or opinions.

Additional Attachments:

i Lab Report used for Example.pdf
S Sample Annotated Bibliography Graphic Organizer
S Annotated Bibliography Graphic Organizer

1 hr  BACKGROUND DEVELOPING CONTENT
READING: Ability to read KNOWLEDGE THROUGH
and highlight the main DIFFERENTIATED
points of a text to READING

Create and share out a
one-minute speech about
the resource you reviewed.
You should provide
meaningful information to
help better understand
albedo and the effects of
uneven heating of the
Earth's surface.

understand background
content.

Speeches that
demonstrate mastery of
this skill will:

e Thoughtfully
highlight the main
points of the
resource in the one-
minute timeframe

e Engage classmates
in a meaningful
conversation in order
to understand
scientific content.

Note: This mini-task can be adapted to fit any subject matter by
choosing different resources to give students (providing students
with different level materials is most effective)

1. Group students into groups of three to four. There are two ways to
do this:

e Strategic grouping: pair high-level students with lower-level
students and tell each student which resource they will be
responsible for

e Standard grouping: In groups (however they were chosen) have
students decide among themselves who will be responsible for each
resource after previewing materials.

e This would be a good opportunity to pair struggling students with

stronger students as provided materials are differentiated.

o Deforestation + Albedo Reading is most challenging

o Albedo Effect on the Earth is moderate

o Weather and Air Pressure Reading is less challenging

o The short video is available as an entry point to reading an article
for reluctant or struggling readers. The video can also be used
as an additional text for all students.

2. Distribute resources (digital or hard copy acceptable for articles) to
students.

3. Have students review his or her resource independently for about 20
minutes and answer the following questions:

What is the article/video about?
What does it have to do with the content in class?
What is the author's purpose for writing the article (producing the
video)?

e What are the who, what, where, when, why, and how of the
resource?

4. Students should then prepare a one- to two-minute "elevator speech"
to report out the answers to the above questions. Have students write
this out on paper.
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Standards:

e An elevator speech refers to students sharing everything they can
about something in the amount of time they would be on an elevator
with a stranger. They need to be concise, succinct, and complete
with their thoughts.

5. After students have had time to prepare a summary of their resource,
have them take turns sharing with their groups using the attached
graphic organizer to collect information.

6. Students should then answer the questions at the end of the
organizer as a group.

MS-ESS2-6 : Develop and use a model to describe how unequal heating and rotation of the Earth cause patterns of atmospheric and oceanic circulation that

determine regional climates.

RST.6-8.2 : Determine the central ideas or conclusions of a text; provide an accurate summary of the text distinct from prior knowledge or opinions.

SL.8.1: Engage effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse partners on grade 8 topics, texts, and
issues, building on others' ideas and expressing their own clearly.

Additional Attachments:

% Differentiated Reading Graphic Organizer
% Video about Ice Caps Melting due to Albedo
I Weather and Air Pressure Reading.pdf

% Deforestation + Albedo Reading

I Albedo Effect on Earth Reading.pdf

1 hrand
30 mins

ASKING A TESTABLE
QUESTION: Ability to ask a
question that can be tested
using a controlled
experiment to benefit
society.

CREATING A TESTABLE
EXPERIMENTAL
QUESTION

Write a clearly written
testable hypothesis that
identifies a quantifiable
independent variable that is
expected to influence the
surface temperature of
multiple surfaces.

A master-level
experimental question
will:

Articulate
temperature as the
dependent variable
Articulate a clear and
quantifiable
independent variable
that is expected to
influence
temperature
Communicate the
expected
relationship clearly
Convey a logical
hypothesis in the
"If...then..." format
Demonstrate that the
student understands
that hypotheses are
educated guesses
and part of a multi-
step process.

Purpose:

After observing a place, living thing, or object, scientists often have
questions about what they see and make predictions about their data.
A hypothesis is an educated guess about how two variables are
related. (We define variables here as possible 'moving pieces' or things
you change in your experiment to affect your results.)

Modeling: 15 minutes
NOTE: You may use the attached presentation as a guide.

1. Review the vocabulary terms: independent variable and
dependent variable. Differentiate between a research question and
a hypothesis.

2. Distribute the attached handout to students.

3. Share some of your observations from either a shared classroom
experiment, reading about an experiment, or other example. (The
attached presentation examines shoes.)

4. Ask students: How could you measure different types of shoes? List
possible dependent variables:

Color of shoes
Price of shoes
Size of shoes
Brand of shoes

5. Ask students: What do you think causes your friends to have
different types of shoes? List possible independent variables:

Where my friend lives
School my friend attends
My friend’s parents’ careers
Size of my friend’s foot

My friend’s favorite color

Pick one factor and think aloud about how this could be related to types
of shoes your friends own.

6. Explain: / wonder if the type of neighborhood (independent variable)
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Standards:

a friend lives in is related to the types of shoes he/she owns (a
dependent variable).

7. Write a sample hypothesis on the board. For example: If a friend
lives in a more affluent neighborhood, then he or she will have more
expensive shoes because their family can afford them.

8. Explain: Hypotheses are "educated guesses” involving your prior
experiences and ideas. When writing them, we will follow a predictable
format:

“**Ask myself:
- What is my dependent variable? What is my independent variable?

- How are these two variables related? How will the dependent
variable change?

- Why do | think the change will happen? What do | already know?

***Complete the sentence: If (independent variable), then
(how I think the dependent variable will change) because
(why | think the change will happen).

Guided Practice: 20 minutes

1. Provide students with approximately 20 minutes to finish the rest of
the questions as a group.

2. Go over the handout examples as a class while students self check
their work.

3. Address any questions or concerns that students have about their
work.

4. Ask students to discuss the following questions with a partner: Why
is it important to write a clear hypothesis statement? What was difficult
or easy about the process? How will the hypotheses you

generated today relate to your work moving forward?

Independent Practice: 10 minutes

Quiz (making a testable hypothesis on your own)

Application: What factors influence surface temperature?: 50
minutes

e 20 minutes: Define "temperature" as the dependent variable for our
project and lead a conversation to discuss strategies for effectively
measuring this.

e 5-10 minutes: Ask students to brainstorm possible independent
variables.

e 20 minutes: Orient the students to the need to do background
research to write a thoughtful hypothesis and describe the
resources that will be available to them.

WHST.6-8.9 : Draw evidence from informational texts to support analysis, reflection, and research.

RST.6-8.2 : Determine the central ideas or conclusions of a text; provide an accurate summary of the text distinct from prior knowledge or opinions.

Additional Attachments:

I LCDChartforFormulatingaTestableQuestion.docx

I LCDChartforFormulatingaTestableQuestionQuiz.docx

I FormulatingaTestableQuestionChartExample.pdf
% Chart for Formulating a Testable Question
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Reading Process

50 mins  SOURCE CREDIBILITY:
Ability to evaluate credibility
of sources.

SEARCHING FOR
CREDIBLE SOURCES
Complete the provided
graphic organizer for at
least three sources to
determine their credibility.
Provide an example of one
strong source, one
debatable source, and one
weak source. Make sure
you answer the question at
the bottom of the page.

Standards:

Student work that
demonstrates mastery
of this skill

includes three complete
Website Evaluation
Checklists that:

e Thoroughly evaluate
at least three
websites

e Provide accurate
analysis of websites

o Complete final
question evaluating
credibility of
websites.

1. Ask students to brainstorm a list of different places they use (or
others may use) to find research sources. Write students' ideas on the
board as they share.

2. Lead a short discussion about the pros and cons of the places they
listed on the board.

3. Distribute the Website Evaluation Checklist to students

e You can also create a class-generated checklist appropriate to the
level of depth per grade level. Discuss the qualities students think
make a website credible and create a list of these qualities on the
board. Students can then copy the list to use, or you can create a
rubric based on their ideas.

4. Display the following website on the board: dhmo.org

e This is a reliable-looking fake website for "dihydrogen monoxide." It
covers several topics related to the chemical, which is really just
water.

5. Have students give their first impression of the website's credibility
and go through the checklist as a class.

e A list of other possible websites can be found
here: http://www.shsu.edu/lis_mah/documents/TCEA/hoaxtable.html

6. Handout a list of online resources for research (under student
handouts).

7. Ask students to spend 20-30 minutes looking for resources that will
help them with research of their testable question.

e They should find a website that they definitely should not use
because it is not credible, one of ambiguous credibility, and one that
is definitely credible.

8. Students should turn in checklists, or complete them for homework if
not finished.

RST.6-8.8 : Distinguish among facts, reasoned judgment based on research findings, and speculation in a text.

RST.11-12.7 : Integrate and evaluate multiple sources of information presented in diverse formats and media (e.g., quantitative data, video, multimedia) in order

to address a question or solve a problem.

RST.6-8.8 : Distinguish among facts, reasoned judgment based on research findings, and speculation in a text.

Additional Attachments:

I Reliable Online Resources List.pdf
I Website Evaluation Checklist.pdf

40 mins = FINDING RELEVANT SUMMARIZING AND
TEXTS: Ability to find and CITING APPROPRIATE
identify texts that present SOURCES ON THE
research that addresses IMPACT OF UNEVEN
similar experimental HEATING

Use notecards, Quizlet, or
other electronic resource to
summarize and cite (APA
format) three to five
credible sources related to
how the uneven heating of
the Earth's surface impacts
the environment.

questions.

Student work that
demonstrates mastery
of this skill will:

e Include three to five
credible sources
related to the
research question

e Include proper
citations of sources
in APA format

e Have an effective
system to track

1. Now that students know how to find credible sources explain to them
that they need to find three to five sources for the research/background
section of their scientific research paper.

e Students can keep track of sources online or in hardcopy as long as
they organize sources so that they can locate important information
and turn their source information into citations.

2. Remind students that they do not necessarily need every source
they find, but it's better to frontload available information so they do not
have to do additional research later. Since they must cite any source
they use in their final lab report, whether it is quoted directly or not, an
effective method for tracking the sources is vital to their success.

pCSolicess 3. Provide students time to find sources. They may use a citation
generator to create citations, but they must go through and thoroughly
double-check information for accuracy before using. It may be
beneficial to model this for students who have never used the site
before.
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1 hr

10 mins

Standards:

4. If students do not have three to five sources they should complete
the assignment for homework.

RST.11-12.7 : Integrate and evaluate multiple sources of information presented in diverse formats and media (e.g., quantitative data, video, multimedia) in order
to address a question or solve a problem.

Additional Attachments:

Il SourceTrackingSheetExample.pdf

% EasyBib Citation Generator

Il Citation Graphic Organizer Example.doc

NOTE-TAKING: Ability to
select important facts and
pre-existing findings for use
in one's own writing and
experimentations.

Standards:

CLOSE READING OF
SCIENTIFIC TEXTS
USING THE GIST
METHOD

Using your previously
identified sources, use the
GIST method and graphic
organizer to summarize the
articles. Summaries should
be turned in or checked by
the teacher before
continuing.

Student work that
demonstrates mastery
of this skill will:

e Include thorough and
accurate details from
the text (the 5W's
and H) for each
selected article
within the graphic
organizer

e Include
an explanation
(GIST) of the main
idea for each
selected resource
and a statement of
how
each resource will
support
their scientific
research paper.

There are several variations to the GIST method. Attached under the
Teacher Resources is an overview of the method used in this lesson as
well as additional graphic organizers varying in level of depth and
aesthetics.

1. Provide students with digital or hard copies of the GIST strategy
graphic organizer.

2. Go over the graphic organizer explaining that they will be looking for
the major details in the text (the 5 W's and H). They will also provide a
short, 20-word summary of the text. This will allow them to write down
any important facts and summarize the article so they can refer back to
it later.

3. Let students know that while quotations are not required, they can
insert direct quotes on the graphic organizer for use in their papers.
Remind them to keep track of any page numbers they used.

4. If time permits, use a previous article to model the GIST method for
the class.

5. Allow students to start working on filling out graphic organizers for
previously found articles.

RST.6-8.2 : Determine the central ideas or conclusions of a text; provide an accurate summary of the text distinct from prior knowledge or opinions.

Additional Attachments:

I GIST Strategy Overview and Addt'l Graphic Organizers.pdf

I GIST Summarization Template.pdf

POST-READING >
CONTENT
COMPREHENSION: Ability
to analyze content from
reading to be applied to
one's future
experimentation and future
writing.

Standards:

REFLECT ON
SUMMARIZED ARTICLES
Write out a short (two- to
three-sentence) explanation
of how the resources you
found will help frame your
experiment.

Student work that
demonstrates mastery
of this skill will:

e Include appropriate
resources aligned to
the question
o Orinclude more

appropriate
resources after
reflection

e Combine information
gained from
identified resources

e Provide a thoughtful
reflection that will
help frame the
experiment and lab
report.

1. Ask students to take a moment to think about all the information they
have just reviewed and summarized.

2. Have a short discussion about what they found, the connections the
articles had to one another, and how the information could inform their
experiment.

3. Have students re-visit the tentative hypothesis they created earlier in
this module. Examine how the hypothesis stands up to what they have
learned through their research. Modify as needed.

4. Ask students to write out two to three sentences on a notecard or
sticky note explaining the impact their research has had on driving the
direction of their question and experiment.

5. Have students turn in the notecard or sticky note as an exit ticket for
review.
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RST.6-8.2 : Determine the central ideas or conclusions of a text; provide an accurate summary of the text distinct from prior knowledge or opinions.

RST.6-8.1 : Cite specific textual evidence to support analysis of science and technical texts.

15 mins | ACADEMIC INTEGRITY: CREATING A Student work that 1. Ask students to create a new document titled "Last Name scientific
Ability to identify and credit =~ REFERENCE SECTION demonstrates mastery research paper."
sources appropriately. FOR FINAL SCIENTIFIC of this skill will: . o
RESEARCH PAPER y ) 2. For now, just have them create a section titled "References."
. e Have the
Using Google Docs, create full document titled: 3. Have them add any APA citations they already have to the section,
2 ref.erencef pag.e' for your "] ast Name scientific  OF create new citations using an online citation generator.
previously identified N
sources. Make sure you research paper” 4. Have students show you when they have references added.
use proper APA format. e Have a section titled: . . . .
"References"” 5. Ongoing: As students gather more information, they should continue
e Include APA citations to add any new resources to their References page.
in References
section for all
resources expected
to be used.
Standards:
WHST.6-8.8 : Gather relevant information from multiple print and digital sources, using search terms effectively; assess the credibility and accuracy of each
source; and quote or paraphrase the data and conclusions of others while avoiding plagiarism and following a standard format for citation.
Additional Attachments:
% Citation Generator
Writing a Method

40 mins  RESEARCH PREVIOUS
METHODS: Ability to

EVALUATING PREVIOUS
EXPERIMENTS

Student work that
demonstrates mastery

1. Write or display the following questions on the board:

e What was the question the scientists in the experiment were

examine previously used
methods from other
scientists and determine
strengths and weaknesses
of those methods.

Standards:

Complete the graphic
organizer while analyzing
the assigned scientific
research paper.

of this skill will:

e |dentify how

scientists have
tested the question
in the past
Analyze the
strengths and
weaknesses of the
experiment
Identify any
problems that may
need to be
addressed going
forward

Explain how the
information gained
will help inform the
student's
experiment.

attempting to answer? Did you find this information explicitly stated
in the report or did you have to infer?

e Did the authors provide a hypothesis for their experiment? If so,
what was it?

e What were some strengths and weaknesses of their experiment?
Did they discuss this or did you need to infer?

e How could the information from this lab help inform your own
experiment?

2. Have students create a Google Doc or get out a sheet of paper to
answer questions.

3. Distribute lab (it is quite large; a digital copy would be best). Let
students know that it is a large lab and they are not required to read the
whole thing. Instead have them scan it and come up with a method for
finding the most important information (i.e., where can they look for the
major ideas).

4. Allow students time to answer questions.
5. After approximately 15 minutes bring students together and discuss.

6. Remind students that if they plan to use this resource in their own
work, they should add this resource to their reference page.

RST.11-12.8 : Evaluate the hypotheses, data, analysis, and conclusions in a science or technical text, verifying the data when possible and corroborating or
challenging conclusions with other sources of information.

RST.6-8.9 : Compare and contrast the information gained from experiments, simulations, video, or multimedia sources with that gained from reading a text on

the same topic.

Additional Attachments:

I EvaluatingScientificResearchPapersExample.pdf

i Albedo Lab Example.pdf
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Students, until this point, were primarily working independently in order
to practice skills, develop content knowledge, and find resources.

1. Explain to students that we will be choosing groups for
experimentation based on their topics. They will still be creating
materials and lab reports independently but will work in groups during
the experimentation process.

2. Create a list on the board of all possible avenues students have
started to take.

e example topics could be:
o impact of albedo on ice melting
o uneven heating near beaches
o impact of albedo on global temperature rise
o How moisture content impacts heating

3. Have students write down the topics from the list that most closely
align to their research and turn in.

4. While students are working on next task, generate groups of two to
three based on commonality.

SL.8.1: Engage effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse partners on grade 8 topics, texts, and

1. Look back at experiment from "Review Previous Experiments" mini-
lesson.

2. Ask students to identify the experimenter's primary goal by
highlighting it in yellow.

3. Have students highlight any subgoals for the experiment in blue.
4. Hold a discussion with students around the following questions:

e What was the primary goal of the experiment?

e Where were you able to find this information?

e Were there any subgoals of the experiment? How did the author
address these goals?

e Typically only one variable is tested in experiments. How could we
approach an experiment with one major goal but others in our
periphery?

5. Have students identify one primary goal they would like to test and
suggest two additional goals their data might also provide information
about.

Example:

Primary Goal: "The goal of my experiment will be to see how the color
of different objects impacts their surface temperature."

Subgoals: "My experiment could also provide information about
temperature below the surface and the impact of an object's albedo on
other nearby objects."

RST.11-12.7 : Integrate and evaluate multiple sources of information presented in diverse formats and media (e.g., quantitative data, video, multimedia) in order

10 mins | IDENTIFY GOALS OF CHOOSING GROUPS Student work that
EXPERIMENT: Ability to FOR EXPERIMENTATION = demonstrates mastery
identify the overarching Communicate current of this skill will:
goals and subgoals of an position in project in order ) .
experiment to be to find partner(s) with ® Identify the subtopic
performed. similar direction. closest to their

research.
Standards:
issues, building on others' ideas and expressing their own clearly.

20 mins = IDENTIFY GOALS OF TURNING OVERARCHING
EXPERIMENT: Abilityto  QUESTION INTO Student work that
identify the overarching EXPERIMENTAL GOALS  demonstrates mastery
goals and subgoals of an On your exit ticket, write out of this skill will:
experiment to be the primary goal of the e Identify one primary
performed. experiment .ylou want tq goal that can be

create. Additionally, write tested during
out at least two subgoals experimentation
your experiment might also & Identify at least two
address. subgoals that the
experiment will
address.
Standards:
to address a question or solve a problem.
1 hr | IDENTIFY SAFETY IDENTIFY POTENTIAL Student work that
CONCERNS: Ability to HAZARDS AND SAFETY demonstrates mastery
identify and list possible METHODS of this skill will:

safety concerns and
methods to maintain safety
during experimentation.

Identify potential hazards of
your controlled experiment
and fill in the accompanying
table to organize your

e Acknowledge major
safety concerns in
the experiment

1. Review the definitions to the words "risk," "safety," "emergency
safety," "preventative safety," "flammable," "corrosive," and "MSDS"
and discuss how all of these terms are important to a controlled
experiment.

2. Model how to identify possible hazards in different testing
environments, especially in situations that involve open flame,
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hazards and safety
procedures.

Additional Attachments:

i Controlled Experiment Safety Methods Chart.docx

DEVELOP A
HYPOTHESIS: Ability to
develop and justify a
hypothesis about the
outcome of an experiment.

CREATING A
HYPOTHESIS

Create appropriate,
testable hypotheses for
your prompts on the
handout provided using the
"If...then...because" format.

20 mins

Provide appropriate
and significant
details related to the
hazards
Acknowledge the
various settings that
may exist in the
experiment and the
specific hazards that
could exist in each
setting

Provide reasoning
that proves the risk
of the potential
hazards.

Student work that
successfully
demonstrates this skill
will:

Correctly identify the
dependent and
independent
variables in a given
scenario

Include a logical
hypothesis in the
"If...then..." format
Include a hypothesis
that makes sense to
anyone who reads it,
is something that
can be tested, and
answers the problem
Include a justification
of the hypothesis
using prior
experience and/or
knowledge in a
"because" clause
Demonstrate
understanding that
hypotheses are
educated guesses
and part of a multi-
step process.

chemicals, and/or glassware. Model this approach in the "example"
chart on the attached "Controlled Experiment Safety Methods Chart"
with the students.

3. Have students consider the different materials and methods they will
be using during the experiment and fill in the rest of the chart. Students
can add more rows to the table if necessary.

Modeling:

1. Review the vocabulary terms: hypothesis, independent variable,
and dependent variable. It is helpful to post these terms and their
definitions on posters for reference.

2. Share some of your observations from either a shared classroom
experiment, reading about an experiment, or other example. Identify
the independent and dependent variables in this example. You might
talk about a recent school event such as the end of the marking period
and discuss things that could affect an outcome like earning straight
A's. Choose a topic that is already familiar to students. For additional
examples, see the videos linked below under Teacher Resources.

3. Ask students: If someone wanted to improve their GPA, what might
he/she consider doing? Write down students' ideas on the board. Pick
one factor (e.g., amount of sleep or time spent studying) and think
aloud about how this could be related to school performance.

4. Explain: / wonder if how much a person sleeps (an independent
variable) is related to GPA (a dependent variable). Ask: How do you
think sleeping more might help someone perform better in school?
Write down students' ideas on the board (e.g., more focused, more
energy, better memory, improved mood).

5. Continue to think aloud about the relationship between the
independent and dependent variables. You might think aloud and
predict how the two variables are related by pulling from your
background knowledge about the topic: / remember having a student
who used to fall asleep in class during lectures. After talking with
Alexia, | learned that she was only getting around three to four hours of
sleep per night. Alexia was earning a D in my class and wanted to
improve her grade. She thought that if she stayed awake

during lectures, her grade might improve. Alexia started getting more
sleep at night, and by the end of the semester improved her grade to a
B+.

5. Write a sample hypothesis on the board. For example: If students
get more sleep, then they will earn high GPAs because they are more
focused.

6. Explain: Hypotheses are "educated guesses” involving your prior
experiences and ideas. When writing them, we will follow a predictable
format:

***Ask myself:

e What is my independent variable? What is my dependent variable?
How are these two variables related? How will the dependent
variable change?

e Why do | think the change will happen? What do | already know?

**Complete the sentence: If (independent variable), then
(how I think the dependent variable will change) because
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(why I think the change will happen).

Guided Practice:

1. Distribute the attached handout to students. Note: If you have
discussed a shared class experiment, supplement the provided
examples with ones that are already familiar to students.

2. Work through the first one or two scenarios together by
writing/projecting the example on the board. Or, as a practice example,
consider continuing the conversation about the independent and
dependent variables that you discussed as a class during the
"Modeling" section of the lesson. For instance, if you discussed the
relationship between sleep and grades, ask students: In addition to
sleep, what other factors might influence a student's academic
performance? Write down student responses on the board (e.g., study
habits, amount of exercise, peer support).

3. Refer to the steps for writing a hypothesis statement (step 6 above)
that you discussed earlier in the lesson as you complete the
example(s) as a class.

Independent Practice:

Provide students with approximately 10 minutes to finish the rest of the
questions.

Closing:

1. Go over the handout examples as a class while students self-check
their work.

2. Address any questions or concerns that students have about their
work.

3. Ask students to discuss the following questions with a partner: Why
is it important to write a clear hypothesis statement? What was difficult
or easy about the process? How will the hypotheses you

generated today relate to your work moving forward?

4. Have students share out their responses with the whole class.

Application:

Ask students to revisit the testable hypothesis they developed and
revised throughout the module. Considering the examples we used
today and the research you have conducted, revise and finalize your
hypothesis.

Adapted from: http://www.pbs.org/newshour/extra/2012/09/test-
tomorrow-get-your-sleep/

Standards:

RST.6-8.3 : Follow precisely a multistep procedure when carrying out experiments, taking measurements, or performing technical tasks.

Additional Attachments:

I Writing Hypotheses Handout.pdf

40 mins = WRITING THE STEPS OF = WRITING OUT STEPS OF | Student work that Modeling:
AN EXPERIMENT: Ability EXPERIMENT demonstrates mastery
to transform goals of Write out a step-by-step of this skill will:
experiment into a followable  guide to your
method (set of steps) to be  experimentation process on
used during an experiment.  the provided graphic

1. Review the following vocabulary terms with students: hypothesis,
dependent variable, independent variable, control variables.
e Include a plausible

hypothesis written in 2. Display a blank graphic organizer so that the class can see it.

Introduce the following scenario (or a similar scenario that is already
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organizer. Also please write

out your hypothesis, and
identify the independent
variable, dependent
variable, and control
variables.

"If...then...because"
format

Identify a correct
independent variable
Identify a correct
dependent variable
Identify

multiple control
variables

Include a thoughtful
list of steps on how
to conduct their
experiment.

familiar to your students): Mr. Smith wants to know how passing out
candy for correct answers impacts weekly quiz scores. Ask students:
How do you think passing out candy will impact students' quiz scores?
Do you think students will be more or less likely to earn a high quiz
score if they are given candy? Why? Jot down student responses on
the board.

3. Model how you would develop a possible experiment to test this
scenario through a think aloud. Allow students to contribute as you
think they are able, but don't get too bogged down with everyone's
suggestions. The point is to show how to complete this process in
about 10-12 minutes. It's not necessary for students to copy what you
write. An example of a possible model is included for your reference
under Teacher Resources.

As you think aloud, you might stop periodically to refer to students’
prior knowledge, check for student understanding, and clarify some of
the following points:

The Goal. Explain: | am interested in determining how candy
influences quiz scores. This is the goal of my experimental design (or
the "why" and purpose of my study). After completing the experiment, |
will be able to analyze the data and better understand the relationship
between candy and quiz scores. [You might write these variables on
the board and underline "candy" and "quiz scores" to help clarify that
these two variables are the focus of the experiment.]

Hypothesis. Explain: | wonder how candy and quiz scores might be
related. | know that a lot of students like candy, so | predict that candy
will motivate students to want to perform well on their quizzes. My
hypothesis for this experiment is that if students receive a piece of
candy for every correct answer on their weekly quizzes, the class quiz
average will go up because students will be more motivated to do well
on the quiz if they get a treat. [Make sure to point out to students that
you are writing this educated guess usingan "If ___then
because" format that was taught in an earlier lesson.]

Independent and Dependent Variables. Explain: Candy is the
independent variable and the class average quiz score (measured by
%) is the dependent variable. We are trying to see if candy causes
some kind of change in the average quiz scores of students. [If your
students need more review with these terms, remind them that the
independent variable causes a change in the dependent variable and
that it isn't possible for the dependent variable to cause a change in the
independent variable. Also remind them that some experiments have
more than one dependent variable.]

Controlled Variables. Explain: The controlled variables, or constant
variables, are the following:

What the students learn in class before the quiz
Whether students get a study guide or not

Day of the week the quiz is given

How long the students have to work on the quiz
How much the quiz affects the students’ grades

If we did not hold these variables constant, it would be difficult to
understand how candy affects the average student quiz score. For
example, if some students were given a study guide and others were
not given the study guide, we might see differences in the average quiz
score. Ask: How might a study guide or other factors influence quiz
scores? Write down student ideas on the board (i.e., improved study
habits, shared information). Remind students that controlled variables
are quantities that a scientist wants to stay constant.

Procedure. Explain: In the procedure section, we list out the steps
needed to complete the experiment. By completing these steps, we will
be able to test our hypothesis (if students receive a piece of candy for
every correct answer on their weekly quizzes, the class quiz average
will go up because students will be more motivated to do well on the
quiz if they get a treat).

First, in his period one classes, Mr. Smith will tell students about the
new candy policy the day before the quiz is given. Next, in his period
two classes, Mr. Smith will not give students candy for correct
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Standards:

questions on the quiz or mention the policy. On Friday, Mr. Smith will
give both periods the quiz as usual. He will remind period one about the
candy. Both classes will have the same 10-question multiple-choice
quiz. Both classes will have 20 minutes to take the quiz. The quiz will
be worth 10 points in both classes. Finally, Mr. Smith will collect the
quizzes, grade them, and give one piece of candy for each correct
answer in period one. The last step of the procedure is when Mr. Smith
will compare the class averages on the quiz.

Small Group Practice:

Distribute the blank organizer to small groups or partnerships. Provide
them with the following scenario or a scenario that is related to the
current unit and that is familiar to students: Ms. Wallace wants to know
how giving a lunch detention as punishment each time a student is late
will impact the number of students who are tardy to her class. Give
students about 15 minutes to complete the organizer for this scenario.
Leave your example on the projector so students can use it for
reference.

Have a few groups share their experiment about Ms. Wallace or the
topic that was provided to students. Discuss experiments using the
following guide:

e What are some similarities and differences between the
experiments shared?
Do all the experiments test the same thing?
Are there any strengths or weaknesses to the experiments?
Is it okay that the experiments are slightly different? Why or why
not?

After showing students additional models of experimental designs,
have students outline the steps of their own experiment. Provide
students with a new graphic organizer and the materials list for the Surf
and Turf Experiment and have them complete with their partners.

*** Students do not need to complete the data table set up until a later
mini-task.

WHST.6-8.2 : Write informative/explanatory texts, including the narration of historical events, scientific procedures/experiments, or technical processes.

RST.6-8.3 : Follow precisely a multistep procedure when carrying out experiments, taking measurements, or performing technical tasks.

Additional Attachments:

S Model: Mr Smith Experimental Design Graphic Organizer

% Blank Experiment Design Graphic Organizer
S Surf and Turf Lab Experiment Design
Il Surf and Turf Lab Design Example.pdf

WRITING THE STEPS OF
AN EXPERIMENT: Ability
to transform goals of
experiment into a followable
method (set of steps) to be
used during an experiment.

EVALUATING
EXPERIMENTAL DESIGN
Provide at least one thing
you like and one
suggestion/question to
three groups' experimental
design setup.

20 mins

Student work
that demonstrates
mastery of this skill will:

e Provide at least one
positive comment on
all three groups'
experimental design
setup

e Provide at least one
suggestion or
question on all three
groups' experimental
design setup.

1. Ask students to display their experimental design setup on one group
mate's computer. Or if they worked on paper, display the work on their
desks.

2. Provide each student with a stack of red and blue sticky notes.

3. Explain that their job is to provide positive (hot, or red stickies)
feedback on other groups' experiment setup and suggestions or
questions (cold, or blue stickies) to help improve the experiment.
Students can put stickies next to the computer or piece of paper, or on
the desk.

e Remind students that feedback like "good," "bad," and "cool" do not
help anyone.

e Examples of quality feedback would be "I like how you plan to test
materials about both dry and wet to see how moisture content
affects heating rate" or "Have you thought about a method to make
sure materials have a uniform moisture content?"
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20 mins

Standards:

4. Allow students to circulate the room for approximately 10-15
minutes.

5. Provide students with about 5 minutes to review comments.

WHST.6-8.5 : With some guidance and support from peers and adults, develop and strengthen writing as needed by planning, revising, editing, rewriting, or
trying a new approach, focusing on how well purpose and audience have been addressed.

WRITING A DATA
COLLECTION METHOD:
Ability to develop a data
collection method to be
used during an
experimentation process.

Standards:

DEVELOP A DATA
COLLECTION METHOD
Design a table to use to
collect the data from your
experiment.

Mastery-level student
work will include a
designed table:

e With fitting structure
allowing for
complete data
collection

e With suitable labels
(dependent and
independent
variables)

e With fitting
observation time
lengths where
necessary.

1. Look back at the "Steps of a Method" mini-lesson.

2. Ask students to decide on a fitting structure for their table
(horizontal, vertical, matrix) for data collection.

3. Have students choose suitable labels for their experiment using their
dependent and independent variables.

4. Ask students to display their table on their computer or their hard
copy on their desks for feedback from another student or group.

5. Analyze the table for the appropriate experimental labels and data
collection structure.

6. Circulate the room while students are working asking students to
provide rationale for such items as time lengths, number of data points,
etc.

RST.6-8.7 : Integrate quantitative or technical information expressed in words in a text with a version of that information expressed visually (e.g., in a flowchart,
diagram, model, graph, or table).

Additional Attachments:

S VIDEO: LDC Controlled Experiment: Writing the Data Collection Method

Experimentation Process

1 hrand CONDUCT EXPERIMENT

15 mins

AND COLLECT DATA:
Ability to use standard
scientific practices to
conduct an experiment and
collect data.

Standards:

CARRYING OUT
EXPERIMENT

Carry out your experiment

following all lab protocols
and accurately complete
your data table.

Student work
that demonstrates
mastery of this skill will:

e Include
documentation in
notes of the
experimental
procedure as
followed, and notes
and explanations if
the group had to
make any
modifications to the
written experimental
procedure

e include an accurate,
neat, and complete
data table.

If time permits create experimental kits for each group with all
materials students will need to complete experiment.

1. Review all safety procedures and lab protocols with students.

2. Ask students to have one copy of their procedures and data table out
on their desks.

3. Distribute lab materials to students.

4. Allow students to begin their experiments. Emphasize the use of their
notebooks to record notes on the experiment including their procedures
and any modifications to their methods (if modifications are required,
students should take careful notes on how the experiment was

modified and explain why they made the modification). Also instruct
students to record collected data in their data tables.

5. While students are working, circulate the room checking in with
students to ask and answer questions. Also check to ensure students
are following safety procedures and lab protocols.

RST.6-8.3 : Follow precisely a multistep procedure when carrying out experiments, taking measurements, or performing technical tasks.

Interpreting Data

10 mins

REPORT DATA: Ability to
accurately report findings.

ORGANIZING
EXPERIMENTAL DATA
Organize data collected
from experiment into a

Mastery-level student
work will include:

e New tab on
spreadsheet

1. Teacher creates spreadsheet for class data to share with students.
2. Have students open spreadsheet and create new tab

3. Import data into spreadsheet.
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25 mins

Standards:

class Google spreadsheet.

e Collected data
imported accurately
into spreadsheet

e Data labels.

RST.6-8.7 : Integrate quantitative or technical information expressed in words in a text with a version of that information expressed visually (e.g., in a flowchart,
diagram, model, graph, or table).

DRAW CONCLUSIONS
ABOUT DATA: Ability to
draw conclusions, logical
connections, or correlations
from data sets.

DRAWING
CONCLUSIONS AND
MAKING CONNECTIONS
ABOUT DATA

Write one paragraph
drawing conclusions from
your data. Then write
another paragraph making
connections to or
correlations with other
groups' data sets.

Student work that
demonstrates mastery
of this skill will:

e Include a thoughtful
response to what the
data show

e Compare the results
with the hypothesis

e Discuss the outcome
of the experiment as
it is related to
previously
established goals

e Use other groups'
tables to make at
least one connection
or correlation with
collected data.

1. In small groups, have students discuss initial reactions to their data
set.

e Data could have been collected by students during an in class
experiment, or

e Pre-existing data sets could be distributed to students by the
teacher.

Have students use the following possible guiding questions to lead their
discussion (questions used should vary based on whether students
conducted the experiment themselves or not):

What are your initial reactions to your data?

What do your data say? Be specific with your description

o Good example: The data show that when there was an
increase in level of activity, participants' heart rates also
increased.

o Poor example: When you exercise more, your heart rate goes
up.
m You could also discuss the difference between these

examples.

Was your hypothesis confirmed or busted? Explain.
How does the outcome relate to each of your goals? Can you draw
any clear conclusions about your primary goal? Your sub goals?

e What do you think the research question and/or hypothesis was for
the experiment?

e What further tests could be done to gather more information?

2. Have students pair up with another group and compare their
experiments and data by taking turns sharing:

1. Their experiment material and methods (if applicable) and the data
they collected

2. Possible conclusions they have made from their data

3. Additional tests they think would be beneficial.

3. Students should then discuss any similarities and differences in the
experiments (if applicable) and data sets. Have them come up with as
many conclusions as they can draw that require both data sets.
Examples:

e In one set of data, participants engaged in an increased level of
walking while in the other participants engaged in various levels of
biking. Both sets of data show that an increased level of activity
correlated with an increased heart rate.

e Both sets of data had light shining on snow. In one set light was set
perpendicular to the snow. In the other set, light was set at a 45-
degree angle. Both sets showed that increased light temperature
melted the snow faster but the direct light had a larger impact.

4. Briefly provide time for students to share what they discussed as a
class.

5. Prompt students to independently journal using the following
prompts/questions to guide them:

e Looking at the data sets from other groups, use their information to
make at least one connection or correlation between experiments.
Please note, this should not be something such as "Another
experiment was very similar to ours; they found the same thing."
Think bigger picture!

e Did anything surprise you about your experiment or other
experiments? Why or why not?
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Standards:

e How does the experiment relate to previous research or
experiments you looked at?

RST.6-8.9 : Compare and contrast the information gained from experiments, simulations, video, or multimedia sources with that gained from reading a text on

the same topic.

25 mins DATA USING GOOGLE Student work that
REPRESENTATION: SPREADSHEET TO demonstrates mastery
Ability to display data in CREATE GRAPHS of this skill will:
plots, tables, and figures. Create a visual

e Include graphs
and charts
representing the best
ways to display their
data

e Neatly display data
in an easy-to-read
visual.

representation of your
graph using Google
Spreadsheet.

Standards:

1. Review the different types of graphs (and other ways to represent
data) with students, and explain when it is most appropriate to use
each. Under student resources is a PDF overview of the different types
of graphs and how to use them if students need additional support.

2. Have students open the spreadsheet with their information and make
a copy; this will help to avoid confusion and students potentially
deleting each others' work.

e Every student should make a copy and work on creating a visual.

3. Provide students with the attached links to get started on creating
their visual representation.

4. Walk around the classroom to troubleshoot any problems students
are having and to ask students questions about how they plan to
display their data so you can ensure that they understand when
specific graphs and charts should be used.

WHST.6-8.6 : Use technology, including the Internet, to produce and publish writing and present the relationships between information and ideas clearly and

efficiently.

Additional Attachments:

I Types of Graphs Help.pdf
% Video Walkthrough of using Google Spreadsheet to Create a Graph
% Directions: Creating a Graph with Google Spreadsheet Walkthrough

45 mins | IDENTIFYING IDENTIFYING THE Student work that
LIMITATIONS OF AN LIMITATIONS OF AN demonstrates mastery
EXPERIMENT: Ability to EXPERIMENT of this skill will:
identify and articulate Based on your work during .
known weaknesses in the "Completing the O Jefeumitiy
methods or data collection  Experiment” mini-task, limitations based on

the experiment
e Explain the
limitation thoroughly
e Communicate the
limitations of
completed study in
paragraph form.

used in an experiment. answer the questions in the
chart so that you can
successfully analyze the
limitations of the task. Then
decide on the most
important limitation of your
study and share this
limitation with the
class. Finally, after listening
to your peers share their
limitations, work with your
group/partner to decide how
best to communicate the
limitations of your study.

Note:

A handout (Identifying Limitations) has been attached to help
students organize their work for this mini-task. You may want to type
the task in the box provided on the handout.

Instruction:

3 minutes: Provide students with Identifying Limitations handout and
read through the task with them the first time.

10-12 minutes: Have students individually answer the questions in the
chart to begin analyzing the limitations of the experiment.

5 minutes: After answering the questions, have students work in their
experimental groups to examine the limitations and reasoning each
member came up with and circle the one that they think is the most
important/influential to the experiment.

2-3 minutes: Give students two to three minutes to write the limitation
and reasoning on the board. If you don't have a large area of board
space, you could hang a large piece of paper on the wall and have
students write their limitations and reasoning on the paper

using markers. Another option is to project a Powerpoint slide or Word
document and ask students to take turns typing in their responses.

10 minutes: In groups of four, have students discuss all the
limitations on the board and decide which two they think are the most
important/influential. Teacher will circulate the room and listen to
ensure all students are engaging in the discussion asking clarifying
questions as needed.
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Standards:

10 minutes: When the discussion is finished and the limitations have
been analyzed, have each experimental group write up a paragraph
summarizing what they would need to say to communicate the
limitations of their study.

MS-LS2.CETS.1.1. : The use of technologies and any limitations on their use are driven by individual or societal needs, desires, and values; by the findings of
scientific research; and by differences in such factors as climate, natural resources, and economic conditions. Thus technology use varies from region to region

and over time. (MS-LS2-5)

RST.6-8.7 : Integrate quantitative or technical information expressed in words in a text with a version of that information expressed visually (e.g., in a flowchart,
diagram, model, graph, or table).

Additional Attachments:

Il IdentifyingLimitationstoanExperiment.docx

Writing a Rough Draft

20 mins = OUTLINE: Ability to identify CREATING A SCIENTIFIC

and outline the following

sections of a scientific
report: Title, Abstract,
Introduction, Methods,
Results, Discussion,
Acknowledgements,
References.

Standards:

RESEARCH PAPER
OUTLINE

Create an outline of your
scientific reseach paper
that includes individual
sections and a table of
contents

Student work
that demonstrates
mastery of this skill:

e |dentifies the major
sections of a
scientific research

paper (title, abstract,

introduction,
methods, results,
discussion,
acknowledgements,
and references)

e Includes a table of
contents that
includes all sections

e Provides a template
for a scientific
research paper that

includes all sections.

Students should be familiar with scientific research paper sections
based on exposure at this point, but may not have a firm grasp on each
and every section.

1. Discuss briefly the different sections of scientific research papers
students have seen to this point. Write list on board.

2. Pass out a different sample lab report to each table. Ask groups to
record the different sections and compare their list with the list written
on board.

3. Have each group share out and compare and contrast what sections
are in each (they're almost all identical).

4. If time permits, have a short discussion about why it is important for
lab reports to be standardized and the role of each section. Also,
discuss the difference between active and passive voice. Ask students
to identify where they see the passive voice in the sample scientific
research papers.

5. Have students create a table of contents and lab report template
they will use for their experiment (title page does not need to be
completed at this point since it will be added in a future lesson).

WHST.6-8.4 : Produce clear and coherent writing in which the development, organization, and style are appropriate to task, purpose, and audience.

Additional Attachments:

% Active vs Passive voice
S Protozoan Cultures Lab Report

I Food Samples Lab Report

30 mins

% Sample Lab Report (No Acknowledgement Section Included)

I Sugars by Blowflies Lab Report.pdf

WRITING THE
METHODS: Ability to
translate step-by-step
methods for
experimentation into
paragraph form.

WRITING THE METHODS
AND MATERIALS
SECTION OF A
SCIENTIFIC RESEARCH
PAPER

Write out the Standard
Operating Procedures
(SOPs) from your
Experimental Design Setup
into the Methods section of
your scientific research
paper. Make sure you write
in complete sentences.

Student work
that demonstrates
mastery of the skill will:

e Provide a
summary in
complete sentences
for the Standard
Operating
Procedures (SOP)
from the

Experimental Design

Setup in the

1. 5 minutes: Please note and discuss the following items:

There are several common mistakes that are often found in the
Materials and Methods section of a scientific research paper.

e A good guideline is to include only what is necessary for one
recreating the experiment to know.

e Often, all of the materials needed for the experiment are listec at the
beginning of the section. Instead, the materials and equipment
utilized during the experiment should be mentioned throughout the
procedure as they are used. Enough detail should be included in the
description of the materials so that the experiment can be
reproduced.
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Methods section of
the lab experiment
so that another
student with the
same background,
but unfamiliar with
the experiment,
could perform the
same experiment
without additional

e |t is generally recommended that the Materials and Methods section
be written in past tense, in either active or passive voice.

2. 20-30 minutes: Students will open the Standard Operating
Procedures (SOP) from the Experimental Design Setup in the Methods
section of the lab experiment. Transform the bulleted items into a
paragraph with complete sentences, keeping in mind the common
mistakes as previously discussed. Remind students to use their
methods outlines and experiment notes from earlier in the module.

Note: Students can revisit the graph analysis from "Creating Google
Spreadsheet to Create Graphs" to review the types of graphs.

1. 15 minutes: Pair students up and have one student bring up the
Introduction to Describing Graphs and Table activity link (see student
handout). Have the students work together to complete the four
activities.

2. Walk around the classroom and troubleshoot any issues students are
having.

3. 1 minute: Have students bring up graph previously made on Google
Spreadsheet or graph paper for their experiment.

4. 5 minutes: Have students review their previously made graph with
their experimental group for consistency in the produced graph and for
graph labels. Some students may need to make adjustments.

5. 5-7 minutes: Have students gather the following information about
their experiment:

e Start by saying exactly what the chart/graph shows and the time
period, if applicable.

e Describe the changes as precisely as possible. Use data and
numbers from bar or line graph.

e Compare the information. Talk about the differences and similarities
between the data shown.

e Conclude by saying what the major trends are.

6. 5 minutes: Look at examples of graph captions and model how to
create a clear caption.

7. 7-10 minutes: Students work in groups to create a clear and well-
written caption to accompany their chart/graph.

8. 2 minutes: Type the final caption that expresses the data
relationship contained in the hypothesis.

MS-LS2.SEP.3.1. : Construct an explanation that includes qualitative or quantitative relationships between variables that predict phenomena. (MS-LS2-2)

instructions.
Additional Attachments:
% Materials and Methods
45 mins REPRESENTING THE CREATING RESULTS IN Student work that
RESULTS: Ability to GRAPH, TABLE, AND/OR = demonstrates mastery
incorporate results from WRITTEN FORM of the skill will:
experiment in forms of Construct a graph of the
graphs, tables, or written results of your experiment e Include a stugent—
explanations without and write a caption that constructed line or
speculations. expresses the data bar graph correctly
relationship contained in expressing the data
your hypothesis. collected
e Include labels and/or
values of collected
data
e Include a caption that
expresses the data
relationship
contained in the
hypothesis.
Standards:
MS-LS4.SEP.1.1. : Analyze displays of data to identify linear and nonlinear relationships. (MS-LS4-3)
MS-PS3.SEP.3.1. : Construct and interpret graphical displays of data to identify linear and nonlinear relationships. (MS-PS3-1)
Additional Attachments:
S Using Graphs and Charts to lllustrate Quantitative Data
S Writing about a Bar Chart
S Writing about a bar chart
S Introduction to describing graphs and tables
50 mins = DISCUSSING/ANALYZING DISCUSSING/ANALYZING = Student work that

THE RESULTS: Ability to
compare and contrast the

THE EXPERIMENTAL
RESULTS

demonstrates mastery
of the skill will:

1. 2-3 minutes: Bring up information gathered in "Creating Results in
Graph, Table, and/or Written Form" mini-task and research done in
"Researching How Others Have Attempted to Answer Similar
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results from an experiment  Provide a written statement e Include a clearly

in relation to background based on your graph written statement

information on the topic. that expresses the based on the graph,
relationship between the expressing
independent and dependent relationship between
variable according to your independent and
data. dependent variables

according to the data

e Compare and
contrast how this
relationship is similar
or different
than what other
experimenters have
found

e Compare and
contrast how this
relationship is similar
or different than what
they have found
based on the
expectation of their
hypothesis

e Be written in
paragraph form.

Write a paragraph(s)
comparing and contrasting
the similarities and
differences of conclusions
other experimenters have
found to the similarities and
differences you have found
based on the expectation of
your hypothesis.

Standards:

Questions" mini-task.

2. 3 minutes: Provide the following paragraph for students to read
individually and allow time to read, highlighting key details.

Explain whether the data support your hypothesis

This statement is usually a good way to begin the discussion, since you
can't effectively speak about the larger scientific value of your study
until you've figured out the particulars of this experiment. You might
begin this part of the discussion by explicitly stating the relationships or
correlations your data indicate between the independent and
dependent variables. Then you can show more clearly why you believe
your hypothesis was or was not supported. For example, if you tested
solubility at various temperatures, you could start this section by noting
that the rates of solubility increased as the temperature increased. If
your initial hypothesis surmised that temperature change would not
affect solubility, you would then say something like, “The hypothesis
that temperature change would not affect solubility was not supported
by the data.”

3. 5 minutes: Based on the modeled example, have the students work
with their experimental group to create a clearly written statement
based on their graph, expressing relationship between independent
and dependent variables according to their data.

4. 10-15 minutes: Have students use two Venn Diagrams. One will
compare and contrast the similarities and/or differences the other
experimenters have found in their experiments. The second diagram
will compare and contrast the similarities and/or differences they have
found based on the expectation of their hypothesis.

5. 10 minutes: Create a clearly written paragraph of the compare and
contrast results using words like “supported,” “indicated,” and
“suggested” to evaluate your hypothesis. Students are looking for

correlations between researched work and their experiment.
Note: Be sure reference literature is cited here.
6. 10 minutes: Hot and cold feedback

e Have one student in each group display the written statement of the
relationship between the independent and dependent variables.

e Have another student in each group display the compare and
contrast paragraph.
Explain hot and cold feedback.

e Give each student a small stack of yellow (hot) and purple (cold)
Post-it Notes.

e On the yellow Post-it Notes, students will provide a comment on
something that is done well.

e On the purple Post-it Notes, students will provide a constructive
comment suggesting something that could be improved.

e Students leave the Post-it Notes by the computer screen and then
the group members can collect feedback and make adjustments.
Possibly for homework.

WHST.6-8.9 : Draw evidence from informational texts to support analysis, reflection, and research.

WHST.6-8.8 : Gather relevant information from multiple print and digital sources, using search terms effectively; assess the credibility and accuracy of each
source; and quote or paraphrase the data and conclusions of others while avoiding plagiarism and following a standard format for citation.

WHST.6-8.6 : Use technology, including the Internet, to produce and publish writing and present the relationships between information and ideas clearly and

efficiently.

Additional Attachments:

% UNC College of Arts and Sciences The Writing Center

30 mins ' IMPLICATIONS: Abilityto =~ WRITING THE Student work that 1. Ask students to discuss with group, or journal, about what they think
identify implications of an IMPLICATIONS demonstrates mastery the next step would be to their experimentation project. Use the guiding
experiment for society, SCIENTIFIC RESEARCH of this skill will: questions below to help spur student thinking.
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30 mins

10 mins

limitations of the
experiment, and next steps
for future study.

Standards:

PAPER SECTION

In the "Discussion” section
of your scientific research
paper write one paragraph
explaining what the next
step after completing your
experiment should be. Your
paragraph should include at
least one actionable
recommendation for the
betterment of society or
further testing.

e Include one to two
well-constructed
paragraphs

e Provide at least one
concise
recommendation for
society or further
study by:

o clearly linking
research with
experiment

o identifying any
limitations to
experimentation

o establishing a
need for further
experimentation
of societal
change.

e If you were to create a new experiment, or change something about
the one you conducted and retest, how would it be different? What
would you hope to find?

e If you cannot think of a new or revised experiment, what tangible
information did your experiment show? How can your information
help improve society?

2. Allow a couple minutes for students to share responses and
thoughts. Emphasize this section as the "what now?" of the module.
Experimentation, graphs, and a discussion is great, but point out that all
that is trivial without some sort of actionable piece to take away from all
the work done.

3. Have students write an additional paragraph to their discussion
section relating their research and experimentation to a next step that
they or someone else could conduct. This paragraph could touch on an
experimentation process or a societal action.

WHST.6-8.7 : Conduct short research projects to answer a question (including a self-generated question), drawing on several sources and generating additional
related, focused questions that allow for multiple avenues of exploration.

ACKNOWLEDGEMENTS:
Ability to identify major
contributors to the research
project.

Standards:

ACKNOWLEDGING
CONTROLLED
EXPERIMENT
CONTRIBUTORS IN A
SCIENTIFIC RESEARCH
PAPER

Create a semi-formal
acknowledgement
paragraph to
recognize/credit individuals
who have helped with
your project. Be sure to
specify the contributions of
each individual.

Student work meets
expectations if the
acknowledgement
paragraph:

e Provides
acknowledgments to
people who helped
with the study or
preparation of the
paper

e Specifies the
contributions of the
individuals noted

e Uses
appropriate format:
semi-formal
paragraph with
header.

1. 5-10 minutes: Introduce the concept of acknowledgement
paragraph with teacher-provided example(s). Students will read an
example acknowledgement paragraph to prepare for writing their own,
being sure to note those being acknowledged are individuals who
contributed a small amount of work toward the project but not
significant enough to be listed as an author.

2. 3-5 minutes: Students brainstorm a list of individuals who
contributed a small amount of work toward the project but not
significant enough to be listed as an author.

3. 10 minutes: Students write their acknowledgment paragraph.

4. 5 minutes: Students do peer review and check for appropriate
people being acknowledged and correct format.

RST.6-8.5 : Analyze the structure an author uses to organize a text, including how the major sections contribute to the whole and to an understanding of the

topic.

WHST.6-8.4 : Produce clear and coherent writing in which the development, organization, and style are appropriate to task, purpose, and audience.

Additional Attachments:

S Use 1st paragraph as a non-example

S Samples of Acknowledgement Paragraphs

S Guidelines for Writing an Acknowledgment

S Formatting APS Journal Articles :: Credits Section

REFERENCES: Ability to
track sources of research in
citations to be included in
the final paper.

CITING REFERENCES IN
SCIENTIFIC RESEARCH
PAPER USING APA
FORMAT

Transfer your reference list
from your tracking
document to the
"Reference" section of your
scientific research paper.

Student work that
demonstrates mastery
of this skill will correctly
cite three to five sources
in APA format in the
"Reference" section of
the scientific research
paper.

1. Have students get out the resource they used to keep track of
citations.

e Students should have been keeping track of sources in APA
citations as they were researching, so this should be a relatively
straightforward process.

2. Have students transfer citations to the "Reference" page created
during the "Outline" mini-task. Students should review all cited
references that are included in their paper and delete any that are not
used.
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Standards:

* A sample reference page is attached under student resources for
students who are unsure of, or have questions about, formatting.

WHST.6-8.8 : Gather relevant information from multiple print and digital sources, using search terms effectively; assess the credibility and accuracy of each
source; and quote or paraphrase the data and conclusions of others while avoiding plagiarism and following a standard format for citation.

Additional Attachments:

i APA Reference Page Example.pdf

30 mins | WRITING THE WRITING A SCIENTIFIC An introduction to the 1. Introduction: Explain the difference between a scientific research
INTRODUCTION: Ability to = RESEARCH PAPER scientific research paper paper introduction and abstract (see linked pdf).
write an introduction to a INTRODUCTION that demonstrates ) o ) ) )
scientific research paper Using the checklist and mastery of this skill wil: ~® /ntroduction: Brief introduction of problem, review of research prior
including the research sentence starters provided, ) to testing, gQals, hyppthess, a.nd ratl.onale for tes.tmg.
question, hypothesis, and compose an introductionto ~ ® State the questionor e Ab.stra.rct: Brief overv!ew of entire project. Covers |de§s ;uch as the
background research. your scientific research problem objective of yqur project, thle.meth.ods youl used, major findings, and
project. e Presentthe recommendations. For additional information, see the
hypothesis Understanding and Writing an Executive Summary/Abstract View
e Explain how the mini-task.
hypothesis was e Essentially, the introduction establishes a need and an abstract is
reached an overview of the entire project.
e Link the hypothesis i . . . . .
olothenreaeaich 2. Direct Instruction: Review sevgral mtroduchons from Prewous!y
o EetbrEEE: used lab reports. Lead a general discussion about these introductions.
background What made them compelling? \(Vhat were spme strengths and
information weaknesses? How were they similar and different?
e Include proper APA 3 pjstribute checklist and go over sentence starters with students.
20 Model how to write an introduction about a lab that students already
e Be in paragraph completed or about a familiar example. Use a projector to post the
form. example introduction.
4. Independent practice: Give students time to work on creating their
introduction. They may write directly on the graphic organizer or type
them online. While students are working, circulate the classroom,
working with students who are struggling to get started and answering
additional questions.
5. Closing: Ask students to reflect on their writing process with a
partner before sharing out with the whole class. What was challenging
about writing their introduction? What was easy? Why?
Standards:
WHST.6-8.9 : Draw evidence from informational texts to support analysis, reflection, and research.
WHST.6-8.8 : Gather relevant information from multiple print and digital sources, using search terms effectively; assess the credibility and accuracy of each
source; and quote or paraphrase the data and conclusions of others while avoiding plagiarism and following a standard format for citation.
WHST.6-8.7 : Conduct short research projects to answer a question (including a self-generated question), drawing on several sources and generating additional
related, focused questions that allow for multiple avenues of exploration.
WHST.6-8.4 : Produce clear and coherent writing in which the development, organization, and style are appropriate to task, purpose, and audience.
Additional Attachments:
Il Introduction_Handout20151122-3-1cytvkm.docx
Il Lab Report Drafting Checklist and Sentence Starters
Il Introduction vs. Abstract.pdf
35 mins . WRITING AN WRITING AN ABSTRACT = Student work that Note: Teacher will provide several examples of abstracts for students
ABSTRACT: Ability to write  Write a summary of the demonstrates to view.
an abstract giving a brief introduction and conclusion  mastery will include: )
Instruction:

(150-200 words) overview
of the entire paper.

of the experiment in 150 to

200 words. e A summary of the

introduction in 150 to
200 words
e Four to five

1. 10 minutes: Have students individually read a teacher-obtained
abstract looking for the five questions:

e Why did they perform this experiment?
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Standards:

sentences answering

the following

questions:

o Motivation: Why
did you perform
this experiment?

o Problem
Statement: What
are you trying to
solve?

o Previous
Experiments: Has
this experiment
been done before
and by whom?

o Previous Results:
What did the
previous
experimenters
find when they
did their
experiment(s)?

o Your Results:
What did you find
when you did
your experiment?

What did they try to solve?

Had this experiment been done before and by whom?

What did the previous experimenters find when they did their
experiment(s)?

e What did the students find when they did their experiments?

Have students circle or use highlighters to locate the evidence for their
answers.

2. 5 minutes: In a group of three to four, have students compare their
answers.

3. 10 minutes: In experimental group, have students answer the
questions in the Writing an Abstract Chart Handout on their
experiment.

4. 10 minutes: Have students make a Google Doc to collaborate on the
write-up of their abstract. Could be an in-class or homework
assignment.

RST.6-8.9 : Compare and contrast the information gained from experiments, simulations, video, or multimedia sources with that gained from reading a text on

the same topic.

RST.6-8.8 : Distinguish among facts, reasoned judgment based on research findings, and speculation in a text.

Additional Attachments:

S Writing an Abstract Chart Handout

% Writing an Abstract

FORMULATING THE
TITLE: Ability to formulate
a title suited to scientific
work.

10 mins

Standards:

A master-level
experimental title will:

FORMULATING THE
TITLE OF THE
EXPERIMENT

Create a clearly written
title that conveys the
hypothesis of the
experiment using the
following format: The effect
of independent
variable on the surface
temperature of material.

e Articulate the
independent and
dependent variables
of the experiment.

Note: Teacher will write the title format on the board.

1. Have student(s) write down on paper or type the title format leaving
the independent and dependent variables blank.

2. Have student(s) enter their independent and dependent variables
where appropriate.

3. Provide students with an opportunity to slightly adjust title if needed.
Independent and dependent variable should still be present, but the
connection made at the end may vary slightly.

RST.6-8.4 : Determine the meaning of symbols, key terms, and other domain-specific words and phrases as they are used in a specific scientific or technical
context relevant to grades 6—38 texts and topics.

Revision Process

30 mins PEER REVIEW: Ability to
provide meaningful
feedback on a scientific
research paper for a
partner.

PEER REVIEW PROCESS = Student work that
FOR SCIENTIFIC demonstrates mastery
RESEARCH PAPER of this skill will:

Using the provided peer
review form, provide two
classmates with
meaningful, actionable
feedback about

their scientific research
paper.

e Include complete
peer review forms
with relevant, helpful
information for at
least two
classmates' scientific
research papers,
including:

Teacher notes:

e To model the peer review process, you will need a scientific
research paper to use for whole-class instruction. You can either
choose one of your stronger students' reports, pull a previously
completed scientific research paper, or make up a quick mock
scientific research paper. If possible, it is instructionally valuable to
"plant" certain common mistakes for you to discuss during a think
aloud. For example: verb-tense errors, unlabeled graphs or tables,
etc.

e You may or may not want to allow students to make edits on each
others' papers in addition to completing the peer review form. There
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o atleast one
comment
regarding
something that
another student
has done well in
each row of the
peer review form

o one suggestion
for improvement
in each row of the
peer review form

o an evaluation for
clarity,
organization, and
completeness of
the peer's work
using a 4-point
rating scale

Incorporate feedback
from at least one
other person about
their own research

paper.

are pros and cons to having them do this. Major con: they,
inevitably, will make incorrect "corrections." Major pro: it is clearer
when corrections are made in the text rather than noted on another
sheet.

e Peer review is only effective when students are very clear about the
expectations for the assignment. Students who are less familiar with
the requirements for each section of a research paper will benefit
from a more explicit and specific peer feedback form than the one
provided.

e This mini-task assumes that students have experience with
delivering feedback to peers about their writing and explaining why
they decided to make particular recommendations. See the Sharing
Constructive Feedback mini-task if your students need additional
support with writing feedback.

Modeling:

1. Display and provide students with the scientific research paper for
whole-class instruction. Project and complete the peer review form, but
do not give students a copy of it yet.

2. Model the peer review process:

e Read through the scientific research paper out loud to the students
while they read along. As you read, stop and make quick notes (on
the peer review form) about changes in surface-level problems,
such as word choice.

e As you read the paper aloud, explain why you stop and make notes
when you notice a problem. Some possible issues might include
(although the comments that you decide to share will vary
depending on your writing sample):

o When you did not understand an idea: ("/ was not sure how the
author defined the research question. It would have been helpful
if the author used additional details...")

o When there was more information you wanted to know: ("The
author provided most of the materials that were included in the
experiment, but a few items were missing.")

o When you felt lost while reading: ( "The graphs did not make
sense to me because the author forgot to label the x and y
axis.")

e In addition, when you notice something excellent, name it using
specific terms. Example: "Wow! They described every step in the
methods section clearly.” Other examples might include:

o When there is sufficient information: ("I like how the author
provides ample background knowledge about the research topic
and question!")

o When there is strong organization: ("It is terrific how the author
presents the data using a format that is easy to understand.”)

o When there is clear writing: ("The connection between the
research question and methods section is logical and makes
sense.")

e Explain the reviewer's role: You want to make sure the feedback
given helps the author improve his or her scientific research paper.

e Ask the class to note 1) when they did not understand an idea, 2)
what more information they would like to know, and 3) when they
felt lost while listening.

3. If your students could benefit from additional support, consider
asking two students to model part of the peer review process in front of
the class using a different section of the sample scientific report and by
following the steps outlined on the Peer Review form. While the two
students model, have the rest of the class listen and write down one or
two questions about the peer review process.

Writer's Role:

4 minutes: Read your paper out loud. Mark any changes on your paper
as you read.

2 minutes: Listen to the reader without commenting. Take notes about
what you hear on the Lab Review Form.
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40 mins

1 minute: Reflect back about what you heard them say, and ask for
clarification if you need it.

Reader's Role

4 minutes: Listen to the writer read out loud. Take notes on the Lab
Review Form

2 minutes: Tell the writer the answer to each question from your notes.

1 minute: Listen and provide clarification when asked. Give the writer
your Lab Review Form notes.

4. Have students share one of the questions they wrote while listening
to their classmates model with a partner. Then, come together as a
whole class and share questions. Some possible follow-up questions
include: How are the roles of the reader and writer different during Peer
Review? What does helpful feedback for a writer look like?

Collaborative Practice:

1. Count students off into groups of three (and if students worked in
lab groups earlier, make sure they are working with different
people).

2. Provide students with a digital or hard copy of the peer review form.

3. Have students rotate papers within their new groups and begin
reviewing each others' work.

4. Remind students that their forms will be collected and checked by
the teacher.

Closing:

Ask students to talk with a partner about the following questions: How
did sharing your work with your peers benefit your writing? What is one
thing you are going to change in your paper? Why? Then, have
students share out with the whole class.

Standards:

SL.8.3: Delineate a speaker's argument and specific claims, evaluating the soundness of the reasoning and relevance and sufficiency of the evidence and
identifying when irrelevant evidence is introduced.

SL.8.1.D : Acknowledge new information expressed by others, and, when warranted, qualify or justify their own views in light of the evidence presented.

SL.8.1.C : Pose questions that connect the ideas of several speakers and respond to others' questions and comments with relevant evidence, observations,
and ideas.

SL.8.1.B : Follow rules for collegial discussions and decision-making, track progress toward specific goals and deadlines, and define individual roles as
needed.

WHST.6-8.5 : With some guidance and support from peers and adults, develop and strengthen writing as needed by planning, revising, editing, rewriting, or
trying a new approach, focusing on how well purpose and audience have been addressed.

Additional Attachments:

I Peer_Review_for_a_Lab_Report20151016-3-m6ém58u.doc

TECHNICAL WRITING EVALUATING REVISIONS = Student work meets e Briefly review selected skills that many students need to improve,
REVISION: Ability to Revise draft to have sound  expectations if the including style (passive voice, precise language, etc.).
proofread and format a final ~ spelling, capitalization, evaluating revisions e Teach a short list of proofreading marks.
paper. punctuation, style, and sheet is completed and e Assign students to proofread each others’ texts.
grammar. Adjust formatting  the final draft: e Have students complete the Evaluating Revisions handout and then
as needed to provide clear, share their responses with a partner.
appealing text. e Isfree from e Have students share out their responses.
distracting surface
errors
e Uses formatting and
style that supports
purpose.
Standards:
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https://ldc-production-secure.s3.amazonaws.com/payload_files/files/000/061/063/original/Peer_Review_for_a_Lab_Report20151016-3-m6m58u20151123-3-1yq64ty.doc?AWSAccessKeyId=AKIAJZLFICFCJK5OVHIQ&Expires=1576606221&Signature=ZFL82OrLrs5rxOhxEi4WQyLw3L8%3D&response-content-type=application%2Fmsword
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25 mins

CCR.W.4 : Produce clear and coherent writing in which the development, organization, and style are appropriate to task, purpose, and audience.

CCR.W.5 : Develop and strengthen writing as needed by planning, revising, editing, rewriting, or trying a new approach.

Additional Attachments:

Il Evaluating Revisions

FINAL DRAFT: Ability to
create a final draft to
broadcast results of an
experiment, including all
elements from original
outline.

Standards:

SCIENTIFIC RESEARCH
PAPER FINAL DRAFT
Students will write their final
drafts using previous
feedback to make
necessary revisions and
corrections and have paper
formatted in the following
order: title, abstract,
introduction, materials and
methods, results,
discussion, references and
literature cited.

Mastery-level work will
be submitted by the
designated deadline
and will include:

o Clearly written title,
abstract,
introduction,
materials and
methods, results,
discussion,
references and
literature cited in
APA format based
on previous
revisions.

Final scoring will be
based upon the LDC
Rubric model.

Note: The final draft is a cumulation of the small mini-tasks and the
majority of work has already been completed by this time.

1. 5 minutes: Have students check for items that need revision based
on previous feedback (spelling, punctuation, missing parts, etc.) and
make corrections.

2. 10 minutes: Have students format the digital copy of the laboratory
report in the following order: title, abstract, introduction, materials and
methods, results, discussion, references and literature cited in APA
format.

3. 5-10 minutes: Have students read the paper out loud to find any final
mistakes.

4. 1 minute: Print paper or upload for final submission.

WHST.6-8.4 : Produce clear and coherent writing in which the development, organization, and style are appropriate to task, purpose, and audience.

Additional Attachments:

% Sample Lab Assignment

S Writing Lab Reports & Scientific Papers example

Instructional Resources

Student Handout

I SurfandTurfExperimentBriefLDC (1).docx

I ControlledExperimentScientificResearchPaperUnitOverview.docx

Il ScientificResearchPaperRubric.docx

Teacher Resource

S VIDEO: LDC Controlled Experiment: Writing the Data Collection Method
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https://ldc-production-secure.s3.amazonaws.com/payload_files/files/000/002/512/original/Evaluating_Revisions20140409-2-1fe0mtu.pdf?AWSAccessKeyId=AKIAJZLFICFCJK5OVHIQ&Expires=1576606221&Signature=20sPI1AAXFOKV1P%2B8b7p98uPJHI%3D&response-content-type=application%2Fpdf
https://writing.wisc.edu/Handbook/LabBact.html
http://www.studygs.net/labreports.htm
https://ldc-production-secure.s3.amazonaws.com/payload_files/files/000/064/154/original/SurfandTurfExperimentBriefLDC__1_20151229-3-1k22tau.docx?AWSAccessKeyId=AKIAJZLFICFCJK5OVHIQ&Expires=1576606221&Signature=3P%2B9xaoOfMdOafNcS2dujWcM5Ds%3D&response-content-type=application%2Fvnd.openxmlformats-officedocument.wordprocessingml.document
https://ldc-production-secure.s3.amazonaws.com/payload_files/files/000/064/155/original/ControlledExperimentScientificResearchPaperUnitOverview20151229-3-q1xanf.docx?AWSAccessKeyId=AKIAJZLFICFCJK5OVHIQ&Expires=1576606221&Signature=vFM0LYQWlmQOXXemY2MXcALQ%2F%2FI%3D&response-content-type=application%2Fvnd.openxmlformats-officedocument.wordprocessingml.document
https://ldc-production-secure.s3.amazonaws.com/payload_files/files/000/064/156/original/ScientificResearchPaperRubric20151229-3-d51iy7.docx?AWSAccessKeyId=AKIAJZLFICFCJK5OVHIQ&Expires=1576606221&Signature=ncPQfHD1PUvuf7HCUBrQSDW%2Bgus%3D&response-content-type=application%2Fvnd.openxmlformats-officedocument.wordprocessingml.document
https://www.youtube.com/watch?v=4cPeywtTAqA&list=PL5q6a8kYJ8L2jVzB_Br9aZXp7Ma3JjnN4&index=2
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Section 4: What Results?

Student Work Samples
Advanced

I ScientificReasearchPaperExample1.pdf

I ScientificResearchPaperRubricExample1.pdf
Approaches Expectations

Il ScientificResearchPaperExample2.pdf
I Scientific Research Paper Rubric Example 2.pdf

Meets Expectations

I ScientificResearchPaperExample3.pdf
I ScientificResearchPaperRubricExample3.pdf
I Group3ScientificResearchPaper.pdf

Teacher Reflection

Did students perform better or worse than you expected?

Students performed better in some areas than | expected and could have improved more in others. For example, many of them
really took ownership of the experimentation portion of the module, and wanted to put their personal touch on what they tested.
There was a lackluster buy-in however to fully develop some of the writing sections and doing necessary research that would help
dictate the direction of the experiment.

Were there parts of the rubric that all students seemed to do well on?

Students seemed to do well on all portions of the rubric where there was concrete information to be provided. They were able to
accurately address the materials and methods sections, clearly represent their data, and even write a clear abstract overviewing
the essentials from their experiment.

Were there parts of the rubric that all students struggled with?

Students struggled, at times, with collecting and using appropriate sources to provide a clear direction for experimentation. It felt
like they all had ideas about what they wanted to do, but ideas were largely independent of information gathered. They also
struggled with evaluating and analyzing data. They drew conclusions based on what they saw, but did not necessarily use specific
evidence to support conclusions.

If you were to re-teach this module, which parts of your instructional ladder would you definitely keep and what parts
would you consider replacing or modifying?

The experimentation and data modules seemed to work very well. At times it felt like the paper portion was parsed a little bit too
much; it felt like we were building a product by shifting perspectives often.
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https://ldc-production-secure.s3.amazonaws.com/payload_files/files/000/061/235/original/ScientificReasearchPaperExample120151127-3-1g1v5n4.pdf?AWSAccessKeyId=AKIAJZLFICFCJK5OVHIQ&Expires=1576606221&Signature=qqYYuVUDeBiIKOMqi4L2XQIDQ5s%3D&response-content-type=application%2Fpdf
https://ldc-production-secure.s3.amazonaws.com/payload_files/files/000/061/236/original/ScientificResearchPaperRubricExample120151127-3-1fjlskh.pdf?AWSAccessKeyId=AKIAJZLFICFCJK5OVHIQ&Expires=1576606221&Signature=gkM6CIBpK1PVsJndz8cehtWxE2M%3D&response-content-type=application%2Fpdf
https://ldc-production-secure.s3.amazonaws.com/payload_files/files/000/061/238/original/ScientificResearchPaperExample220151127-3-l1hjpd.pdf?AWSAccessKeyId=AKIAJZLFICFCJK5OVHIQ&Expires=1576606221&Signature=aYOpYMX6MP2pbCEFtX8lTE5OGbI%3D&response-content-type=application%2Fpdf
https://ldc-production-secure.s3.amazonaws.com/payload_files/files/000/061/237/original/Scientific_Research_Paper_Rubric_Example_220151127-3-zp0h7.pdf?AWSAccessKeyId=AKIAJZLFICFCJK5OVHIQ&Expires=1576606221&Signature=bWiZDItzh%2Bk4K82ly1tuWKMtV%2Fg%3D&response-content-type=application%2Fpdf
https://ldc-production-secure.s3.amazonaws.com/payload_files/files/000/061/242/original/ScientificResearchPaperExample320151127-3-fs2861.pdf?AWSAccessKeyId=AKIAJZLFICFCJK5OVHIQ&Expires=1576606221&Signature=oknQJQa%2Fc76uGznwCkWN4n8eAZw%3D&response-content-type=application%2Fpdf
https://ldc-production-secure.s3.amazonaws.com/payload_files/files/000/061/241/original/ScientificResearchPaperRubricExample320151127-3-12y8nfr.pdf?AWSAccessKeyId=AKIAJZLFICFCJK5OVHIQ&Expires=1576606222&Signature=i1Aflei6W6hGfIF0J8CjgQRaBlk%3D&response-content-type=application%2Fpdf
https://ldc-production-secure.s3.amazonaws.com/payload_files/files/000/063/659/original/Group3ScientificResearchPaper20151216-3-1cki1dj.pdf?AWSAccessKeyId=AKIAJZLFICFCJK5OVHIQ&Expires=1576606222&Signature=Il5YxfEnlUbN4MrCJxBzoSgkKS8%3D&response-content-type=application%2Fpdf
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All Attachments

I Weather_and_Air_Pressure_Reading.pdf : https:/s.ldc.org/u/70ve2e5v248qb529f1z1Irprx

I Text List for Surf and Turf.docx : https://s.ldc.org/u/2z3m14lzckoftlOtcvinvidal

I ScientificReasearchPaperExample1.pdf : https://s.Idc.org/u/6fx0wv1kwntrjuwwmdq2ahip4

I ScientificResearchPaperRubricExample1.pdf : https://s.ldc.org/u/f4v3d33fuxnqwzyOnkf3thuoe
I ScientificResearchPaperExample2.pdf : https:/s.ldc.org/u/b56y2i9zr46t8hnvqt2wuf929

I Scientific Research Paper Rubric Example 2.pdf : https:/s.ldc.org/u/b7ia9d1sviillf4dbhwojogoil
I ScientificResearchPaperExample3.pdf : https:/s.ldc.org/u/3i15qefhh2i6sct1y0lqgs248

Bl ScientificResearchPaperRubricExample3.pdf : https://s.ldc.org/u/eyoxn9mOna9rzbcrnexn5j8f0
I Group3ScientificResearchPaper.pdf : https://s.ldc.org/u/anmat6b90999ajy8ngkyxho3l

I SurfandTurfExperimentBriefLDC (1).docx : https://s.ldc.org/u/r7081zn5ly2kwkddq3qlb5xd

I ControlledExperimentScientificResearchPaperUnitOverview.docx : https:/s.ldc.org/u/1uabugetxxkOb54rebkr9svka
I ScientificResearchPaperRubric.docx : https:/s.ldc.org/u/101qdsyrdlu51f6gvgme74jiy

S VIDEO: LDC Controlled Experiment: Writing the Data Collection Method :
https://s.ldc.org/u/bur54g6d1ba537g81st6ro0iq
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https://ldc-production-secure.s3.amazonaws.com/payload_files/files/000/045/541/original/Weather_and_Air_Pressure_Reading20150809-3-py0ix7.pdf?AWSAccessKeyId=AKIAJZLFICFCJK5OVHIQ&Expires=1576606222&Signature=89WRbskemBaqaj%2Froxc2tH01i8Y%3D&response-content-type=application%2Fpdf
https://ldc-production-secure.s3.amazonaws.com/payload_files/files/000/066/703/original/Text_List_for_Surf_and_Turf20160116-3-1d9x6sr.docx?AWSAccessKeyId=AKIAJZLFICFCJK5OVHIQ&Expires=1576606222&Signature=%2BM37tXM%2FFYm8ul9qMnNh6wiLLoc%3D&response-content-type=application%2Fvnd.openxmlformats-officedocument.wordprocessingml.document
https://ldc-production-secure.s3.amazonaws.com/payload_files/files/000/061/235/original/ScientificReasearchPaperExample120151127-3-1g1v5n4.pdf?AWSAccessKeyId=AKIAJZLFICFCJK5OVHIQ&Expires=1576606222&Signature=BTicEs7H8%2F5qHPYXjO%2Bw%2B0c6Kwo%3D&response-content-type=application%2Fpdf
https://ldc-production-secure.s3.amazonaws.com/payload_files/files/000/061/236/original/ScientificResearchPaperRubricExample120151127-3-1fjlskh.pdf?AWSAccessKeyId=AKIAJZLFICFCJK5OVHIQ&Expires=1576606222&Signature=UKfme1lb%2BKWCYnnZ6whLRZdYjOE%3D&response-content-type=application%2Fpdf
https://ldc-production-secure.s3.amazonaws.com/payload_files/files/000/061/238/original/ScientificResearchPaperExample220151127-3-l1hjpd.pdf?AWSAccessKeyId=AKIAJZLFICFCJK5OVHIQ&Expires=1576606222&Signature=aHimWaRML4F0awi0%2B0Sjk9dm%2BE8%3D&response-content-type=application%2Fpdf
https://ldc-production-secure.s3.amazonaws.com/payload_files/files/000/061/237/original/Scientific_Research_Paper_Rubric_Example_220151127-3-zp0h7.pdf?AWSAccessKeyId=AKIAJZLFICFCJK5OVHIQ&Expires=1576606222&Signature=oKIIftv82bgGakUs1HArs5EuBt0%3D&response-content-type=application%2Fpdf
https://ldc-production-secure.s3.amazonaws.com/payload_files/files/000/061/242/original/ScientificResearchPaperExample320151127-3-fs2861.pdf?AWSAccessKeyId=AKIAJZLFICFCJK5OVHIQ&Expires=1576606222&Signature=jm%2F%2FjnfGkJxJ7yEqIFmjaLRfmsI%3D&response-content-type=application%2Fpdf
https://ldc-production-secure.s3.amazonaws.com/payload_files/files/000/061/241/original/ScientificResearchPaperRubricExample320151127-3-12y8nfr.pdf?AWSAccessKeyId=AKIAJZLFICFCJK5OVHIQ&Expires=1576606222&Signature=i1Aflei6W6hGfIF0J8CjgQRaBlk%3D&response-content-type=application%2Fpdf
https://ldc-production-secure.s3.amazonaws.com/payload_files/files/000/063/659/original/Group3ScientificResearchPaper20151216-3-1cki1dj.pdf?AWSAccessKeyId=AKIAJZLFICFCJK5OVHIQ&Expires=1576606222&Signature=Il5YxfEnlUbN4MrCJxBzoSgkKS8%3D&response-content-type=application%2Fpdf
https://ldc-production-secure.s3.amazonaws.com/payload_files/files/000/064/154/original/SurfandTurfExperimentBriefLDC__1_20151229-3-1k22tau.docx?AWSAccessKeyId=AKIAJZLFICFCJK5OVHIQ&Expires=1576606222&Signature=Z2xt4sekb77yNVow3MztAyQhFvk%3D&response-content-type=application%2Fvnd.openxmlformats-officedocument.wordprocessingml.document
https://ldc-production-secure.s3.amazonaws.com/payload_files/files/000/064/155/original/ControlledExperimentScientificResearchPaperUnitOverview20151229-3-q1xanf.docx?AWSAccessKeyId=AKIAJZLFICFCJK5OVHIQ&Expires=1576606222&Signature=v9AE0L7%2Fr%2BfvJrZaY6%2Fvuldp%2F%2BY%3D&response-content-type=application%2Fvnd.openxmlformats-officedocument.wordprocessingml.document
https://ldc-production-secure.s3.amazonaws.com/payload_files/files/000/064/156/original/ScientificResearchPaperRubric20151229-3-d51iy7.docx?AWSAccessKeyId=AKIAJZLFICFCJK5OVHIQ&Expires=1576606222&Signature=0mnndd5AY8ZFRoHpbtN9%2BSvZpO0%3D&response-content-type=application%2Fvnd.openxmlformats-officedocument.wordprocessingml.document
https://www.youtube.com/watch?v=4cPeywtTAqA&list=PL5q6a8kYJ8L2jVzB_Br9aZXp7Ma3JjnN4&index=2
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