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Research Ideas

Within the Menominee Indian Reservation, how has the annual temperature changed over the
past 100 years?

What is the statistical relationship between measured emissions of carbon dioxide and
temperature on the Menominee Indian Reservation?

Which type of alternative energy would be the most efficient or reliable option for the Menominee
Indian Reservation?

What is the statistical relationship between emissions and transportation?

What is the statistical relationship between climate change, water availability, and energy
production?

Is the manufacturing of hybrid vehicles in the U.S. related to the purchasing of hybrid vehicles in
the U.S.?

From a global perspective, are countries renewable energy production equivalent to renewable
energy consumption? What about the individual states in the U.S.?

Is politics related to renewable energy government funding? Is governor type (Republican or
Democrat) related to renewable energy production?

Are government renewable energy manufacturing incentives related to renewable energy
production?

Has recycling increased over time? Do we recycle more paper, plastic, glass, or aluminum cans? Is
recycling higher on specific days of the week? Does recycling have a seasonally attribute? Are
some states or countries better recyclers than others?

Is forest health and vitality related to forest management practices? Which is the highest
determinant of forest loss: humans, insects and wildlife, fire, or other?

With respect to sustainability, is the production of organic food products related to the
consumption of organic food products (state level and country level)?

Have vehicle emissions gone down over time? What is the impact of energy efficient vehicles on
vehicle emissions? Do cities with a higher percentage of energy efficiency vehicles have a lower
pollution rate?

Is hunting and conservation negatively or positively influence the wildlife population? Prior to
conservation initiatives, what did the wildlife population look like?

Does the quantity of fishery production relate to fishery consumption? Is fishery production
related Which countries

Is the quantity of municipal waste related to the quantity of people per square area? Is the
quantity of recycling related to the quantity of people per square area?

Is the quantity of renewable energy college degrees related to the quantity of renewable energy
manufacturing employers?

Is gas mileage related to vehicle weight and volume? Which vehicles are the most gas efficient?
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Project Description

The semester long project has five major modules:

Introduction and Background

Regression Analysis, Results, and Conclusions
Hypothesis Testing, Results, and Conclusions
Inferences about Differences, Results, and Conclusions
Final Report and Presentation, Reflection

o hw®N

The project is a scaffold assignment, in that each module builds on the previous, with deadlines about
three weeks apart. This scaffold assignment allows the student ample opportunity to gain feedback, both
peer and instructor, to ensure the student is on track and headed in the right direction. The first four
modules use a checklist to ensure basic requirements are met, in addition to peer critiques. The last
module, Final Report and Presentation, applies a rubric to assess the quality of the completed project. The
last module also includes a reflection to assess what the student has learned with respect to Climate
Change, Renewable Energies, and Sustainability. The checklists and rubrics, with deadlines, are shown
below.

Module 1: Introduction and Background

Directions: You will receive points based on the criteria met in the check list below. As long as you meet
the criteria below, based on a pass/fail rating, you will receive 5 points. The ultimate goal of the research
is to meet the Final Report Rubric expectations, which will determine your overall grade for the final
report. Due Week 3.

Introduction

Clearly state research question(s).

Provide motivation for the research to explain why this research is important. Find a minimum of
two academic sources (books, journals, magazines, and websites) that provide practical support
for the importance of this research question.

Background

Clearly state 3 hypotheses.

Provide logic and reasoning for the hypotheses. Find a minimum of two academic sources (books,
journals, magazines, and websites) that provide practical support for the logic and reasoning
behind the hypothesis development.

Find a data source (and cite it) that will potentially be used to answer the research question.

Peer Critiques

1. One thing my group mate did well is...
2. One thing my group mate could improve upon is...

3.
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Module 2: Regression Analysis, Results, and Conclusions

Directions: You will receive points based on the criteria met in the check list below. As long as you meet
the criteria below, based on a pass/fail rating, you will receive 5 points. The ultimate goal of the research
is to meet the Final Report Rubric expectations, which will determine your overall grade for the final
report. Due Week 6.

Introduction

Updated per feedback.

Background
Updated per feedback.

Method

Insert the data table.

Describe the variables.

Provide descriptive statistics (mean, standard deviation, variance, and range) of each variable.
Create a frequency histogram of data.

Explain the usefulness and purpose of Regression Analysis

Analysis

Insert the scatter plot including the equation of the line.
Insert a copy of the regression results.

Results

State the equation of the line and its implications.

State the coefficient of determination and its implications.
State the slope and its implications.

State the r-square value and its implications.

Peer Critiques

1. One thing my group mate did well is...
2. One thing my group mate could improve upon is...

4.
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Module 3: Hypothesis Testing, Results, and Conclusions

Directions: You will receive points based on the criteria met in the check list below. As long as you meet
the criteria below, based on a pass/fail rating, you will receive 5 points. The ultimate goal of the research
is to meet the Final Report Rubric expectations, which will determine your overall grade for the final
report. Due Week 9.

Introduction

Updated per feedback.
Background

Updated per feedback.
Method

Updated per feedback.

Insert the data table.

Describe the variables.

Provide descriptive statistics (mean, standard deviation, variance, and range) of each variable.
Create a frequency histogram of data.

Explain the usefulness and purpose of Hypothesis Testing.

Analysis

Updated per feedback.
Clearly state which type of hypothesis test will be used.
Clearly identify the 7 steps of the hypothesis test.

Results

Updated per feedback.
Explain if reject or cannot reject and its implications.

Conclusions
Updated per feedback.

Peer Critiques

1.  One thing my group mate did well is...
2. One thing my group mate could improve upon is...

5.
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Module 4: Inferences about Differences, Results, and
Conclusions

Directions: You will receive points based on the criteria met in the check list below. As long as you meet
the criteria below, based on a pass/fail rating, you will receive 5 points. The ultimate goal of the research
is to meet the Final Report Rubric expectations, which will determine your overall grade for the final
report. Due Week 12.

Introduction

Updated per feedback.
Background

Updated per feedback.
Method

Updated per feedback.

Insert the data table.

Describe the variables.

Provide descriptive statistics (mean, standard deviation, variance, and range) of each variable.
Create a frequency histogram of data.

Explain the usefulness and purpose of Hypothesis Testing.

Analysis

Updated per feedback.
Clearly state which type of hypothesis test will be used.
Clearly identify the 7 steps of the hypothesis test.

Results

Updated per feedback.
Explain if reject or cannot reject and its implications.

Conclusions
Updated per feedback.

Peer Critiques

a) One thing my group mate did well is...
b) One thing my group mate could improve upon is...
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Module 5: Final Report, Presentation, and Reflection

Directions: The final report and presentation are due Week 15. After each student presents his or her
project, you need to provide immediate verbal peer feedback for each presenter. The reflection is due at
the end of the week. See rubrics for grade assessment of final report, final presentation, and reflection.

Peer Feedback on Presentation

1. One thing the presenter(s) did well is...
2. One thing the presenter(s) could improve upon is...

Reflection Assignment

Each student will include a written summary of:

the beliefs, ideas and strategies about Climate Change, Renewable Energies, and Sustainability
that have changed and made the strongest impression on them this semester, and

an assessment of your individual responsibility for Climate Change, Renewable Energies, and
Sustainability at this point and what you want to strengthen.

7.
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Final Report Rubric

Topic Novice (0-2 pts) Effective (3-6 pts) Expert (7-10 pts)

Introduction | Little or no grasp of Overall sound understanding | Clear and complete
research agenda. Data of the research objectives. understanding of research
set is not aligned with Does not show evidence of problem and constraints,
research objectives. practical link between research goal, potential
Major deficiencies that research outcomes and practical outcomes, and
will impact the quality of | intended data set. In addition, | intended data set. In addition,
the analysis and results. | data set is cited and there are | data set is cited and there are

a minimum of two sources to a minimum of two sources to
support the research. support the research.

Background | Hypothesis Hypothesis development is Hypothesis development is
development is not relevant and accurately relevant, accurately described
relevant or only relevant | described; some components and all relevant components
for some aspects; theory | may not be present or are are included. In addition,
is not clearly articulated | unclear. Connection to there are a minimum of two
and/or has incorrect or | supported sources is mostly sources to support the
incomplete components | clear and complete, or has hypothesis development.
or lack of cited support. | some minor errors.

Method Missing components or | Data set, including variables, Data set, including variables,
lack of connection to is not entirely identified or is clearly identified and
research question. relevance to research question | relevant to research question.

is only somewhat supported. Descriptive statistics provide
clear and concise introduction
to data set.

Analysis Analysis selected is Analysis is relevant to the Analysis selected is highly
vague, incomplete, or research question and is relevant to the research
not relevant to the mostly accurate and complete. | question, is presented
research question. accurately and completely.

Results Results are inaccurate or | There are some unclear Results are presented clearly,
incomplete. components or some minor accurately, and completely.

errors in the results.

Conclusion | Conclusion may not be Conclusion is clearly stated Conclusion is clearly stated

clear and the
connections to the
research are incorrect or
unclear or just a
repetition of the
findings without
explanation.

and connections to research
and position are mostly clear,
some aspects may not be
connected or minor errors in
logic are present.

and connections to the
research and position are
clear and relevant. The
underlying logic is explicit.

Overall Flow

Paper is poorly
organized and difficult
to read

— does not flow logically
from one part to
another. There are
several spelling and/or
grammatical errors.
Writing lacks clarity and
conciseness.

Paper is generally well
organized and most of the
argument is easy to follow.
There is only a few minor
spelling or grammatical
errors, or terms are not clearly
defined. Writing is mostly
clear but may lack
conciseness.

Paper is coherently organized
and the logic is easy to follow.
There is no spelling or
grammatical errors and
terminology is clearly defined.
Writing is clear and concise
and persuasive.

8e
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Final Presentation Rubric

Topic Novice (0-2 pts) Effective (3-6 pts) Expert (7-10 pts)

Organization | Audience has difficulty Student presents Student presents information in
following presentation information in logical logical, interesting sequence
because student jumps sequence which which audience can follow.
aground. audience can follow.

Subject Student is uncomfortable Student is at ease with | Student demonstrates full

Knowledge with information and is expected answers to all | knowledge (more than required)
able to answer only questions, but fails to by answering all class questions
rudimentary questions. elaborate. with explanations and

elaboration.

Graphics Student uses superfluous Student’s graphics Student’s graphics explain and
graphics or no graphics. relate to text and reinforce screen text and

presentation. presentation.

Mechanics Student’s presentation has | Presentation has not Presentation has not

three or more spelling

and/or grammatical errors.

more than two
misspellings and/or
grammatical errors.

misspellings or grammatical
errors.

Eye Contact

Student occasionally uses
eye contact, but still reads
most of presentation.

Student maintains eye
contact most of the
time but frequently
returns to notes.

Student maintains eye contact
with audience, seldom returning
to notes.

Elocution

Student’s voice is low.
Audience members have
difficulty hearing
presentation.

Student’s voice is clear.

Most audience
members can hear
presentation.

Student uses a clear voice and
correct pronunciation of terms
so that all audience members
can hear presentation.

9.
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Reflection Rubric

Expert (10-7 pts)

Effective (6-4 pts)

Novice (3-0 pts)

Specificity

Student identifies specific
beliefs about Climate Change,
Renewable Energies, and
Sustainability that have
changed; student points out
specific concepts and ideas
that are new; student
elaborates on specific
strategies (based on beliefs
and concepts) beginning to
use or intends to use;
explains critically why all
changes matter to them and
their impact in their
individual responsibility.

Student identifies specific
beliefs about Climate
Change, Renewable
Energies, and Sustainability
that have changed; student
points out specific concepts
and ideas that are new;
student elaborates on
specific strategies (based on
beliefs and concepts)
beginning to use or intends
to use; thoughtfully explains
why most changes matter to
them.

Student identifies a few
specific beliefs about Climate
Change, Renewable Energies,
and Sustainability that have
changed; student vaguely
points out some specific
concepts and ideas that are
new; student minimally
describes few strategies
(unclear if related to beliefs
and concepts) beginning to
use or intends to use; vaguely
explains why these changes
matter to them.

Thorough

Student provides numerous
examples of Climate Change,
Renewable Energies, and
Sustainability strengths and
weakness; assessment well
linked to project objectives
and outcomes.

Student provides some
examples of Climate
Change, Renewable
Energies, and Sustainability
strengths AND weakness;
assessment at times clearly
linked to project objectives
and outcomes.

Student provides few
examples of Climate Change,
Renewable Energies, and
Sustainability strengths OR
weakness; assessment not
easily linked to project
objectives and outcomes.
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Actual Student Peer Feedback and Lessons Learned

Examples of Peer Feedback: One thing the presenter did well...

“Good eye contact and nice flow.”

“Knew the information well.”

“Spoke clearly.”

“I liked how you engaged your audience.”

“Loved the video.”

“Went above and beyond the professor’s expectations.”
“Had lots of data. Can see you put a lot of work into project.”

Examples of Peer Feedback: One thing the presenter could improve...

“Try not to hide behind the computer.”

“Put less information on the slides.”

“Have more eye contact and speak a little louder.”

“Reduce using words ‘like’ and ‘um’ and ‘uh’.”

“Facial expressions — don’t act like your presentation is horrible.”
“You should have practiced the presentation ahead of time.”
“More eye contact.”

Examples of Lessons Learned:

“What I learned from the presentations given yesterday as a whole is there are many different
issues which need our attention. [Student] opened my eyes to something I had always wondered
about because of my recent trip to Arizona. From my reservation you can see this giant cloud of
smog over the populated areas as the sun is setting. [Student] made me aware of what this smog
was created from and I can now tell people about the toxins given off.”

“[Student] told us about the ambient noise from the [wind] turbines and how they cause sleep
disturbances. They are very controversial yet are in our backyard! Never knew they were so many
so close.”

“The story of stud told us each person produces 4.5 lbs of waste a day and yes we can recycle the
foil from the Hershey kiss.”

“[Student] made me think twice about how much of an impact our actions have on our
surroundings.”

“I realized how important recycling is and how it can improve the world so that we are able to
have a place to live.”

“Thanks for making stats fun and I really learned a lot. I was very worried about taking this class
as I took college math many many years ago but I did survive!”

“Ilearned to be attentive to the information that one presents to tan audience. Ensure the data is
correct and supports my conclusion. Do not manipulate the data to achieve a hypothesis that
favors the wrong conclusion.”

“I especially like how [the student] presented the information and made us aware of the debates
other energy sources bring to the table.”

11 ®
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Benefits for Learners

Semester long project promotes student engagement in climate change, renewable energies, and
sustainability issues throughout the semester, instead of the common last minute cram sessions
to get a paper done (not done correctly).

Rubrics and due dates provide clear guidelines as to what is expected and when.

Potential list of ideas give students an idea about where to get started and what data is associated
with sustainability and renewable energies.

Scaffold assignment provides students with 4 opportunities for peer critiques and instructor
feedback to ensure they are heading in the right direction.

Project applies higher levels of Bloom’s taxonomy.

Students are given the opportunity to present their information, which builds their confidence in
public speaking. Furthermore, students obtain immediate feedback from their peers as to what
went right and how to improve the presentation.

The combination of project, presentation, and reflection applies all components of Kolb’s learning
cycling (Concrete, Reflection, Abstract Conceptualization, and Active Experimentation).

Option to work individually or in groups aims to promote awareness of student’s needs related to
the demands of school, work, and home.

The independent nature of the project considers different aspects of student learning styles
(visual, audio, reading, kinesthetic) as students can choose their own type of data format and
references (e.g. videos, podcasts, etc...).

The requirement for peer critiques gives students the ability to learn about topics outside his or
her specific project area.

The final reflection allows the student to reflect on what was learned over the semester.
Furthermore, they will assess what the projects mean to their personal life and their individual
responsibility to Climate Change, Renewable Energies, and Sustainability.

Quantitative topic focuses on students technical writing skills.

12 ¢
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Sample Final Report

Vehicle Impact on the
Environment and
Vehicle Company
Improvements on
Products

In:roductory Stotistics

Student 1
Spring 5emester 2012
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INTRODUCTION

In my study, 1 would like to distinzuish whether or not velicle companies are trving 1o nake
a difference in their vehicles in o-der 1 make them more environmentally friendly. My research
question is: Smee studics have found that vwehicks indecd do put CO2 into the atmosphere, have
vehicle producers been improving their products? The poaulation for my study cames from
every vehicle make and model there is. However, the sample of which [ will be using only comes
from seven different makes and models from the vears 2001 and 2012, In ANOVA testing, my
sample cymes from three different makes and models in arder to infer about predicting future
SCOres,

1 hope 1o inferthar the amoun that we drive does cause an increase in the CC2 inthe dr and
thatwe should loos inte alternative options such as bvbrid vehicles riding bicyveles. ard other
ways thae minimize putling CO2 in the air hrough the use of transportation, 1 also hope Lo infer
thatthe ircresse in COL in tie atmosphere from vehicles causes a bit of global warming and that
vehicle companies are overall trving 1o improve their products to make them maore environmental
friendly.

The answer to this queston is important in order to reduce the smount of COZ that we put in
the air and in order 1o reduce global warming by such ways as “leav[ing the| car ot home two
davs a week [to] reduce vour carbon dioxice emissions by1.590 pounds per vear.” ' Albso, the
people of the United States should be able o know whether or not vehicle companies are
waorsing hard to improve their producs in erder to make those products less warmful to the
cnvironment. In the book Fellution, some writers agree tiat vehucks give off COZ emissions

into the environment ard others disag-ee.” In a book by Chris Goodall, he tells readers that they

] =| J09

“Hay, Jeff Palbstse Famnmgtom Il Ml Greebaver, 2009 Pamt

[
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can reduce their carboa foatprint by such thirgs as walking, campooling, or investing in more fuel

efficient vehicles,

BACKGROUND
My hyvpatheses are as follows: Vehizle companies are working -0 improve the air pollution and
greenhouse gas scores. an increase 1 the greenhouse gas score for a vehicle should cause an
icrcase in the air poll stion scoe fo the same vehicle, and that vehicle models are good
indicators of predicting air pollution and greenhouse gas scores

Itis logicsl to say that wansportation by vehicles caises higher CO2 in the atmosphere
because of graphs and datacollzcted, as wellas the knowledge that the slandard vehicle that a
person dives puts out CO2 ad tha. itis leteut inte e envirenmeut. As higwer levels of CO2
are in the atmosphere, the outer laver thins out cansing global warming,* Consequently, because
of athinning in the ozone laver, the Earth carnot as easily protect itself from he un’s harmful
ravs g Ry checking out weasites and comparing data, it is logical 1o say that there is an increase
inimprovement of vehicle efficiency wwards the envicomment by seeing an increase in their
greenhouse gas scores and air pollution scores (ten being friendlicst towards the eavironment and
one being the least), Another possible hypothesisis that the benier the greenhouse gas score, the
hetter the air pollution score will he for 3 parienlar venicle The data source where | found
particular scores on air poliution and gresnhouse gases comes fom “he ULS, Environmenta
Protection Agency.®

METHOD

"Goodd L Chris "(hapter 7 CarTavel® Howio Livwa Lo-cor bon L€ The bobwaals e s Tackling Clhmrate Change Ind ed Londm
Earthacan, 2010 13163 Fret

*rowner, Cixl M, and Damed 3 Memmel “1mt L (Be rmmmment and lechnology — CIGEMIE FVws onl comrcversial o svmen il 1 s s
Ed Theodors (robdfart Landon Mediras-Hill 1999 16087 Py

' Dumn, Tasy Lavwon {uads g0 Global Tnwoswanral Jomae Gol dan, Calo: Fubinem Bl | 1907 Peae

[ A — e ) o

fngub g0 gov gesve b e Tadk LT L il T ICISKT i n

(]
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The varibles we will be using gre air pollution score ratings and greenhouse gas score ratings on
seven different vehicles with the same make ond model in two differsnt years, The ratings from
cach scoe cakgones range from 1-10. One is defined as “least friendly™ :owards the
environment, and ten is defned as “most frierdly.” The following dsta below are the descriptive

statistics from data collected:

Air Pullutiorn Sue

! 2 Q i) 6 6 1
1 5 B 5 2 3 3
Count 14 Std Dav. | 2 452012 | Maximum 7 Rage 0=7

Average | 3285714 | Variance | 6055934 | Minimum

Greenhouse Gas 5core
[ 5 ] ? 2 2 4
5 4 3 7 6 8 9
Count 14 Std.Dev.  2.127786 | Maxirum g Rage €2=7

Average | 5285714 | Variance | 4.527473 | Minimum 2

The following are the frequency histograms from each datacollection, The first one does net
have a normal distribution. but it wil! be used anvwavs However. the second one has anormal
bell eurve distribwion, The analyvsis that will be done on the data is hyvpothesis testing,
correlation and regression gnalysis, snd ANOVA. | am going to do hypothesis testing cn the
whether or nat vehicle companies are masing differences in order to change their air pollution
scores and their greenhouse gas scores, It is imporant to conduct each tvpe of analvsis in order

o gain awell-rounded and solid conclusion.

16 ®
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| Frequency Histogram for Frequency Histogram on

Air Pollution Scores Greenhouse Gas Scores
3, S
- n
ﬁz'III. III goL'—lJ—'—'—'—l# .
E u 2 0 2 4 b ¥ w
0 2 4 & 8 10 ‘ -
Air Pollution Score (10 being best) | Greenhouse Gas Sco'e [ 10 being
1! hact)
ANALYSIS

Hypothesis 1 A (depencent samples): To see il vehicle companies have made chan zes in thar
prodacts to try to change their ar polluticn scores,

To see ifvehicle companies have made changes o try 1o change thei air pollution scores,

Air Pollution Score - Gasoline

Year Impala Buick | Dodge Ford leep Nissan | Toyota

001 2 2 0 1 1 2 3

2012 6 6 0 5 B 5 7
4 -4 0 4 -5 -3 -4

Sep 1= Ho: Md=0. Ha: Md does qot=0

Sep 2 1= the avg, of differences x square rootof nall divided by the sid, dev,

Sep ¥ oalpua =005

Sep 4 two il test, draw graph,,, dr= 7-176,,, ook up 0,025 ( because 0,05/20,025) on
t1ables by df =6 and get a tvalue of 2447, T tadles are symmetrical... so the other value
is-2.447, Reject Ho if tvalue < -2 447 or if tvalie = 2,447,

Sep 5 neT, the avp, of differences = -3.23, std, dev, = 2,46

Sep o fill in formula... (-3 .23 §square root of 7)2.46 = -3 .47 (tvdue ).,

17 ®
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Sep T Reject Ho and infer Ha. that the mean difference docsn’t equal zero. Therefore.,
vehicl: companies seem 1o have made changes in onder to change their air >ollution
seores.

Hypothesis 1 B (dependent samples): To see if vehicke companies have made changes to their

prodicts try to change “heir greenhouse pas scores.

Greenhouse Gas Swr e - Gasvline

Year Impala Buick Daodee Ford | Jeep Nissan | Toyota

2001 & 6 2 4 4 7 8

2012 5 7 2 5 3 6 9
1 -1 o 1 1 1 -1

Sep | - Ho: Md=0, Ha: Md does 1ot = 0

Sep 2 = ihe avg. of differences x the square root of seven all divided by ne sid. dev.,
Sep 3 alpia =0.05

Sep 4 two tail test. draw graph..., df = 7-1=6... look up 1.025 ( becausz 0.052=0.025) on
t1ahles by df = 6 and geta tvalueof 2447, T tables are symmetrical, therefore the other
value 5 -2 447, Reject Ho irvatug < -2.447 or it value > 2447,

Sep 5: theavg. of differences =0, n =7, std. dev=2.13

Sep & fill in formula... (0 square root of TH2.13 =0 (tvalue=0),

Sep 7: Fail to rzject Ho, thus we infer Ho that Md = 0, Therefore, vehicle companies

appear 1o have made no chanzes n order to change their air polluhon soores.

o 4

1. Hvpothesis 1A stated that comparies have either changed their air pollution scores or

have kept them the same,
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2. Theresults of the hypothesis ksting stawes that there is @ mean difference in the air

pollution scores, meaning thal vehicle companizs have made changes in order to change
their air pollition scare ratings,

3. Hypothesis |B siaved thar companics have cither changed their greenhouse gas scores or
have kept them te same.

4. Theresults of the hypothesis kesting states that there is a mean difference of zero between
the greethouse pas scores thus inferring thiet vehicle companies havenotried 1w make
differenzes in their greenhouse gas score ratings,

CORRELATION AND REGRESSION ANALY SIS
Hypothesis 2ZA0 An increase in the greenhouse gas svore for @ vehicle should cause an inueisse in

the air pollution score for that paticular vehide.

SUMMA A
OUTPUT
Regression Stavstics
Mutipie F 095354433
]
A Squane DTEEE1E
Adjased @ Sapiare | 096 06741
L]
Sanndasd Ceror 010155817
7
Observations i
Coeffcients Sandad 1 Set Fpalue lower15% | Upper 35% Lawey Upper
Eror 35.0% A5.0%
Inbercept - | 021455367 - | 00575 - . - -
QB TFER4T 5 | 416311672 Bl 14449016 | 0B4LTISR 14448016 | 034171522
7 ] 3 4 3 4
Gresnhauwse Gat 045629213 | OBBIH7Z | 122111651 | &S134% 1368326 | O56E451EY | 03681326 | 05545185
Score 5 4 s 16 3 16 3
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|— Greenhous2 Gas Score Residual Plot
v e 1 L
‘ﬁ' o1 *
g %
§ 041 t a 6 x 1w
£
v 0.3
% 6 &
Greenhouse Gas Score

Correlation between Greenhouse Gasand

Air Pollution Scores
i
! /,j —
Q /v-l!ﬂm‘l—llﬁ‘l'\'\
0 2 4 6 8 10

What is the R Scuared valie? What does it mean? The R Squared value is 0.96755618. Itmems
that the greenhouse gas scores and air pollution scores arc highly correlated by abouw 97 %,

What 15 the Intercept Uoetficient? What does it mean? Lhe Intercept Coefficien: is
-0.893258427, 1tis the same as the variable “b,” meaning the starting point on the y-ntersept,
What is the Greenhouse Gas Score Coefficient? What does it mean? The Greenhouse Gas Score
Cocfficientis 0466292135, It is the slope. and means that if there is a one unit increase in the
preenhouse pas seore that there shoald be a 0,466 increase on the y-intercept (@r pollution
score).

What is the regression equation? Does the regression line it the data? The regression equation is

v=0.466x - (.893. Yes, the regression line does it most of the data.
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ANOYA ANALYSIS

ANOVA RAW DATA |
Alr Pollutizn
Score -
Gasoine
Car 2001 | 2002 | 2003| 2004 | 2005 | 2006 | 2007 | 2008 | 2003 | 2010| 2| 2
Years o)
111
1] 2
Chev : 3 2 6 6 6 13 13 ? 7] 6| &
Impala
kep I i & & 2 b 6 6 ] 3 6] 5| 6
Wrargler
Nissan 2 3 3 6 B ] 6 6 3 6| 5|5
Altima
Greenhouse
Gas Score-
Gaso ine
Car 2001 | 2007 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | J010| 2| 2
0|0
1|1
1] 2
Chev 6 6 6 6 6 6 6 6 3 6] 5] 5
Impala
kap 3 4 a 4 a 4 5 5 3 a| 2|3
Wrargler
Nissan 7 7 7 7 T 7 8 8 7 7] 6] 6
Altima

Air Follution Seore -Gasoline ANOVA Analysis

Anowva: Single Factor
SUMMARY
Groups Count Sum | Averoge | Variane
e
Chev. Impala 12 53 525 | 3.29545
4545
kep Wrangler 12 53 | 4,41666 | 4.81060
GGG? GOGL
Nissan Altima 12 30 5| 2.18181
8182
ANOVA
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Source of Variation 55 df MS F P-vaue F oit
Between Groups 43888 2| 21944 | 063291 | 053375 | 328491
38889 4844 1635 6338 7651
Within Groups 113.16 33| 3.42919
56667 1410
Total 117.55 35
55556

ANOVA single tactor for air poliutionscore - Gas

FAILTO REJECT Ho because the = value is
less than the Ferit value

Foihs= Ba= gy

e oter

k,: At least one of the means is different fom

Results show that each alrpollution score mean s statistically the same, therefore using vehicle types
are not good Indicators of aredizting air pollution scares.

Greenhouse Gas Score - Gasoline ANOV A znalvsis

Anova; 5ingle Factor
SUMMARY
Groups Count Sum Average Varignce
Chev. Impala 12 70 | 5.833333133 | 0.15151515
3 2
Jeep Wiangler 1z 44 | 363666666 | O.7E7ETETE
3 8
Nissar Altima 12 84 7| 0.36363636
4
ANOVA
Source of 55 df M5 F P-value Fert
Variation
Between Groups | 38.6666663 2| 343333333 | 79.0465116 | 2599BE | 3.28491765
7 3 3 13 1
Within Groups 14,3333333 33| 0.43434343
3 4
Total 83 35
10
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ANOVA Greenhouse Gas Scorz - Gasoline i

REIECT H. & Infer H, that at least one of the means is
different

Hope=pa =y
H, At least one of the means s different from the other
latger values = a better greeniouse gas score

smaller values = a worse greenhouse gas score

Thus, we go into Multiple Comparison Testing for the ANOV A analvsis of Greenhoase Cas

Scores (Gasoline)on vehicles,

Multiple Comparison Test for
Green house Gas Store Results
Comparson 1 |
TR The mean of the Chev. Impaa anc
he Jezp Wrangler are the same
Ha By # iy The mean of the Chev. Im paa anc
the Jezp Wrangler are differant
Greenhouse Gas
Score - Gasoline
Car 2001 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 |2} 2
o 0
1 1
1] 2
Chev. Impala 6 6 6 6 ] 6 6 € 6 6|5 5
Jeep Wrangler 3 a4 5 ] 3 3|12] 3
Nissan Altima 7 7 7 7 7 T B E 7 7]16 6
t-Test: Two-5ample Assuming Equal
Varian ces
Chew. Jeep
impola | Wrangl
er
Mzan 583333 | 3.66666
3313 6667
Varian ce 0.,15151 | 0.78787
5152 B788
otservations 12 2
Pooled 0.46969
Variance 67
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Hypothesized Q
Mean
Difference
df 12
tSuat 7.743E8
41€3
P{T<=t) one-tall = 508409
EL{B
t Critical one- 171714
tail 4335
P(Te=t) two- 1.008£2
tall EC7
t Critical wo- 2073€7
tail 3058
Pvalon atwoail test Is approximately
0.000000302, which is less than the aplha value of
0.05
Reject H., meaning that the means
arc statistically diffzrent.
rison 2
Hat pz= iy Tac mean of the lecp Wranglor
a1d tha Nissan Atimaare the
same
Hy i # 1y The maan of the leep Wrangler
a1d tha Nissan Atima are different
|
t-Test: Two-5ample Assuming Equal
Variances
Jeep Nissan
wrangl | Afgma
er
Mean 3.666E6 7
BRET
Variance 078787 | 0.36333
B7EB 6354
Obszrvations 12 12
Pooed 0.57575
Varian e 7576
Hypathesized 0
Mean
Difference
df 2
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tsmt -
10.7605

5174

P(Test) onatall | 1 RR4TT
E-10

tCritical one- | 171714
tail 4335
P(Te=t) two- 3,12932
tail F-10
tCritical two- | 2.07337
tall 3038

Pval on a twatail test is approximately
0,0000000003129, which is less than aloha walue of

0.05
Reject H.,, meaning thatthe two sample
means are statistically cifferent.
Comparisun 3
Hoils = i
Haips # g
t-Test: Two-Sample Assuming Equal
Varlances
Chew. Niczan
impaa | Altima
Mean 5.83333 7
3313
Varlan ce 0.15151 | D.36363
5152 63t
Observations 12 12
Pooled 0.25757
Varian ce 5758
Hypothesized li]
Mesn
Difference
df 22
tStat -
5.63079
7636
P(T<=t) one-tail = 5.80434
E-06
t Critical ane- 171714

13
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tall 4335
Pli<=t) two- 116059
tail ELS
t Critical two- 2.073E7
ail 3058

Pval 01 a two tail test is approximately
0.000011609, which is less than alpha value of 0.05

Reject Hy, meaning that the two means are
statistically different.

Inthe initial hysothasis test, w;_rejecled H. and inferrecH,
that al least vne of the means was dilkerent,

The results of the multiple comparisor testing suggest that
the mean scores for each vehicle are s:atistically differert,

meaning that vehicls types ae good
indicators for predicitons.

CONCLUSIONS

Overall, all of this iy potlesis testing bas been done in order o inferas w wlether vehicle
companies have been trying to improve their air pollution and greenhouse gas scores to make
their products nore environmental fFiendly, The kesting was also done © see if there is a
correlation between an increase in g eenhouse gas scores and an increase in air pollution scoes,
as well as whether or not vehicles are good predictors for distivguishing futre vehicular scoves,

Thus, i1 ou hypothesis kesting, we inferred that ves, companies have tried 1o chmge their
air pollution seores, vet they have not tried improving their greenhouse gas scores, Following
that, i1 ou correlation and regression analysis testing we infered that there is in facta
correlation between greenhouse gas scores and ai pollution scores, Thus, if a greenhous: gas
score rises, we can assume that the air pollution score shall increase as well. Lastly, in our
ANOYA analysis esting, we foand out that vehicle tvpes are not good indizators for pradicting

air pollution scores, However, we found that vehicle types are good indicators for prediding
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future greethouse gas scores because the muliiple comparison 1esting showed that each Pvalue
wis less than alpha of 0,05, meaning that we rcjeded Ho and inferred that all of the mears were

statistical v differen:,
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Sample Final Presentation

Intfroduction

In my study, | would like to distnguish whether or
not vehicle companies are frying to maks a
diference in their vehiclesin order to make them
more environmental friendly. Since there is proof
that vehicles do in fact put CO2in the atmaosphers, |
thinkit is impotant to know where vehicle
companies stand inregards fo this ssue. By
knowing what our vehicle comparnies are doing
with their procucts, society can decid=s whether or not
thay should keep buying or lock into cther options.

e e

B_Gckgrcund

Itis logical to say that vehicle transportation
cauwses higher CO2in the atmosphere becauss of
data and graphs. As higher levels of CO2 are in the
atmosghere, the outer layer thins out causing glooal
warming. It is also logical to say that there’'san
increass in the improvement of vehicle efficiency
towards the environment by seeing an cverall
increass in air pollution and greennouse gas scores
{10 belng most apfimal, and 1 being the least). | found
my dulua scores rom lhe U.S. Erwironmenlal Proleclion

Mgenecy's website.

— o e

Hypotheses

= Hla: Vehicle compuanies have muade changes in [heir

products o change their air pollution scores.

H1b: Vehicle companies have maode changes in their

products o change their greenhouse gas scorss.

I:{;";An increase in the greenhouse gas score for a vehicle
ould cause anincrecse n the air pollution score for

~hat particular vehicle.

H3g: The means of the air pollution scores of three

different vehicle types overa 12 yecr sgcn (2001201 2j'

are different, causing vehicle types fo ke goed indicaters

of predicting future air pol ution scores.

H3b: The means of the greenhouse gas scores of three

diffcrent vehicle types over @ 12 yecr span (2001 2912]'

are different, causing vehicle types io ke good indicatcrs

ol predicling lulure greenhowse gas scores,

.

.

.

‘Hi:Dafa

|___| Anpoliufion Scores _Gasaine | ] |

Year Impala Buick Dodge Ford Jeep Nesan  Toyota

2001 2 2 i 1 1 2 3
2012 & & 1] 5 & 5 7
-4 -4 b -4 -5 -3 -4

= Hib Raw Data

|____| Greenfiouse Gas Scores Gasoine | |

Year Impala Buick Dodge Ford Jeep Nesan  Toyota

2001 (-] & 2 4 4 7 &
2012 5 7 2 LT 3 5 g
1 =1 a =1 1 1 =

R -— il

“HI: Analysis & Resulfs

H1a Analysis & Resulis

| Vehicle companis: have made
«changes in freir products fo change:
theirair pollufion scares. fher greenhouse gas scores.

= Stes 1 —He:Md -0, Ha: M&+ 0 = Liepl—Ho:Md - 0,He: UL #3

« iten2-t=the ovg. of difersncestimes  + 3iep2-f= the avg.of diferences fimes
Ihe squure sl LI T fur] divided Ly The Ihe ayumare rul ul 7 (n] dvided Ly lhe
staadard deviafion. standard deviction.

= Step 3-Alpha = Ula stepd - Alpha= Ul

Sten 42 tailtest, draw groph. DF = 6. Stepd - 2tail fest, daw graph. DF = 6.

Lock up0.028 on Hables. Get a value of Lockup 0025 on t tables Geta vauve o

2.447. Cther value iz -2.447 [symmetricall. 2.447. Otter velue s -2.447 [symmedricall.

Reject Ho iftvalue < <2447 or 52447, Reject Hois f value € -2.647 or > 247

- Stz & nom 7 theovgoefdifzrerosie © DizpE nm 7k avg. ol diformnazam ),

-3.23, standad deviation= 2.45 standard deviation= 2.13

Stes & —fillin ‘ormule. [223)squere raat ¢ I1EP - N formuia. (9] square reot of

of 7| all divided by 2.46= -3.47 [t value} 7| all givized by 213 =0 [ vake]

= 3ten 7 -Reject Ho & infer Ha, that the. Step7 - Fall toreject Ho, thus we infer Ho
meon dfference doesn't equal zemo. thattld =0

H1b Analysis & Results

| Veticlecomparie: have made
changesin their products to change
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Ar istreuse in lbe greenhouse gas suore Tor o vehicle shuold sauses an
incregse in the air oollution score for that particular vehizle.

001 Suick Sodge  lord Jeep Mison Tayok Impoia * What b the R Sauared valu=2 What doss it mean? The R Squared vaue s
0.94755418. it means that the greerhouse gas scores and air pollufion
scores are highly coreloted by albout 77%.
s What & the Intercept Cosfficient? What doss #t meon? The =gt
Gresnhodse 3 2 z 4 2 3 8 Coafficien: & 0.891258427. 1t s “he same gs the yanable -b,” meaning fhe
Gas Score starfing peint on the y-ntermepdt
2 = What & the Greenhouse Gas Score Coefiicient? What does it mean? The
Air Pellufion % ] ! 1 7 & ? Crecrhouse Cos Soorc Cozfliocnt is 0186092135, Itz the depe, and
Score mzan: thot if there & a one unit increa: 1*he greenhouse ga
that there should ke o D.4€6 incrcase on the y interecpt {air pollution
M2 fuick Dodge  ford deep  Meman Tayoia Impaia score).
Whal & Ihe regressun equalion? Duss lhe regression line il he sala® The
regremion equation i y = 0446z - 0873, Yes, the regression line does fit
Greenhouse 7 s 3 3 & ? .} nicioRl b Gl Conelation betwesn Greentouse
Cax & Greenhowse Gas Score Residud Plot Gas and Alr Polulior Scoles
SEas 4
Air Peliution 4 ] 5 & L 7 -1 3 —
Score i Y

« Hypothesis: The means of the air polluticn scores of
three different vehicle types over a 12 year span

s P e EZOOI -2012) are diffsrent. causing vehicle types to
mpala 2 2 3 & & & & & T 7T & & e good indicalors of predicting future air poliution
Wongle 1 1 2 2 4 & & & & & 5 & :-U""]S- G

i « Hoipl =p2=p
tea 2 3 3 & & & & & & & 5
.h - = « Ha: At least one of the m=ans is different from the
Suesi others.

i I [ + From our ANOV A singls factor table, the F value s
mpda 6 6 & 6 & B BT E A 0.63991 and the [ crifical valueis 3.28491. Therefore,
Wi 3. 4 4 4 T e e e = \gﬁ (r;gfs‘r fail to reject Ho because the Fvalue < F
Mea 77 77 720 [ e S e N p

« Thus, we believe Ho to be frue, that the air pollution
score mecns are statistically the sams.

Hypothesis: The moans of
the greenhouse gas
scorcs of theoe different
vehicle types overa 12
yoar span (2001 2012) crc
differen:, causing vehice
types to be goo
ndicators o predicling
future greenhouse gas
SCOMS.
cul =u2=u3
= Ha: At least one of the

means i different from

the others
. :lnc= the Fvaluz = F

al value, we rejec

Ho & infzr Ha, that at
el wriz of Ihe rmsans
different and we gc into
mulliple companison
testing.

Comparicon | —Hot Wl = 42, Ha: wl #u2 (4]
=Chev. Impala, y2 = Jeep Wrangler). Frcm
thc chart on Excel. the pval.is ~ 1.00282E
7. which is = dipha of 0.05. Tharefore, we
must reject Ho, rearing thal the two
maans are statictically diferent.
Comparison 2 —Ho: 12 = 43, Ho: u2 # 43 42
= Jeep Wrangler, w3 = Misan Alimal. From
the chart on Frcel the pval is =3 19F-10,
which is < alpha of 0.05. Therefore, ws
agalr reject Ho, mecning that the two
means are stafistically diferent.
Comparison 3 - Ho: Ml = 3, ba: k1 # 3 (W1
=Chev. Impcla, pd = Nissan Altimma). lmom
the chart on Bxcel, the pval.is = 5.80494E-
& which is < dpha of 0.05. Tharefore, we
reject Ho meaning that the two means
are stotistically diferent.

From Hia, we can conclude thot vehicle companies seem to have made
changes to their products ir order to change ther air pollution scores
because we found out that the mean diference does not equal =ro.

[rom L, we can concluds thot vakicls companies appear o have mads
no changes o their producss in arder fo change ther greenhouse gas
TCores due to o mean aiftersnce of Tero.

Erarn B wi man canchde Hhat greanho me gos iearms and e poll disn
scores are correlated acout $7% meaning that there = a 7% chance that
aninuieuse ina veticles greenbuose gos suore indesd should cuvse on
increase in the same vehicles air pollution scors.

+ From H3a, we can conclude thot vehicle types are net good indicator for
predicting futuie air pallufion socrss becauss fhe o pollubion tocrs maons
are stotisfically the same for each vehicle.

* From H3b we can conclude that vehicle types ore good ndiicortos for
predicting fufure greenhouse gas scores because the results of ow mutiple
comparison teding suggest: that the meon greenhouwse gas scores foreacn
wvchiole are stafistically difforont.

Overal, frem tre findings above, we see thol veficle comparies Fave
mode chonge: in crder to change their air poliution scores, out nat their
areenhousz gos scores. 5o il B up fo you fo dacids which vehicle products
yeu invest n. Do your research cn vehicle effciercy. pollution. and
friendliness o the environment, and you shoud b= fine.
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