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https://drive.google.com/drive/folders/1eg8c885RngCWgNOKlBeDpKRbBsgdnJ3W?usp=share_link
https://drive.google.com/drive/folders/1eg8c885RngCWgNOKlBeDpKRbBsgdnJ3W?usp=share_link




Research Due Dates

ITEM

DUE DATE

Project Idea Form

5 Annotated Sources with Background
Form

Hypothesis Form

Alignment Form

Method Design Form with 5 more
Annotated Sources

Materials Form

Data Check

Data Analysis Check

Conclusions Form

Notebook and Board Completed




Goal:
~ | Project completion!

SMART Goals for
Scientific Research

e Goals should be
o Specific

o Measurable
o Achievable
o Relevant

o Time-bound

Wee

Week 5 D
[

Week 3




Project Roadmap

Research Evaluat
Tobic valuate
P! Materials and
. Safety Perfprm
Design a Experiment
Replicable & Collect
Procedure Data Graph and

Analyze
Data

fl- —\ Create
—. g e

Presentation
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Bibliography Write Reflvsc.’: and \ .
Hypotheses e w ==

Conclusions






Organize Thoughts and Ideas

Use something like Google Keep to make it easy to store your ideas and questions all year!
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We don't always have our computers or
lab journals with us,
but you know what we do have......




| ACHALLENGE |

What is one challenge that you have
faced during your time at this
school?

- ‘
L LOOKING FORWARD

Name something that you are
excited about for this year.

Name something that you are

How has it shaped who you are now?
nervous about for this year.

j AN OPPORTUNITY

(\€$ What is one opportunity that you

have been given while at this

|| ATICKET

school?
You've been given a ticket to go é—\/\ |:| N TI E @ E g TI g

anywhere, anytime... How has it shaped who you are
now?
Where will you go?

— T
What will you do? UPSETTING FINDINGS

What will happen when you get
there?

Name two research findings that
you trust, but wish were not true.

| ATALENT

What is a talent that you have that
defines you in an essential way?

AN INTEREST

What is an interest that you have
that defines you in an essential way?

How does it define you?

How does it define you?




More Prompts




I Wonder.....

5 QUESTIONS A DAY

Day 3
Day 4

Day 5

Day 6

adapted from Caitlin Sullivan, Society for Science



FINDING YOUR PROJECT

WHAT IS YOUR INTEREST? DISCOVER WHAT IS KNOWN
HAVE YOU NOTICED A PROBLEM OR A TOPIC LISTEN TO PODCASTS, WATCH SCIENCE VIDEOS,
THAT YOU WANT TO EXPLORE MORE? READ ONLINE POSTS ABOUT YOUR TOPIC.

DEVELOP YOUR QUESTION GO TO THE SOURCE
USING THE ARTICLES, JUSTIFY THAT THERE READ PEER-REVIEWED JOURNAL ARTICLES.
IS A PROBLEM AND YOUR REASONING BEHIND WHAT HAVE OTHERS FOUND IN THIS TOPIC?
THE GOAL/HYPOTHESIS. Science builds upon other scientist's work.

IDENTIFY SOLUTIONS

WHAT METHODS COULD YOU USE FOR EXPERIMENTATION?
JUSTIFY WHICH WOULD BE BEST, AGAIN USE THE
ARTICLES. KEEP IN MIND WHAT IS FEASIBLE FOR YOU.




IDEAS

GOING TO THE SOURCE

GENERAL TOPIC

POSSIBLE NARROW TOPICS TO STUDY

! !

l

CURRENT RESEARCH

& THE SOURCES




Science Direct

National Library of Medicine

National Academies

PubMed
PubMed Central

DOAJ- Directory of Open Access
Journals

Scopus, Jstor, IEEE Xplore or
Ebsco if your school has access.



https://nap.nationalacademies.org/
https://pubmed.ncbi.nlm.nih.gov/
https://www.nlm.nih.gov/
https://doaj.org/
https://www.sciencedirect.com/
https://www.ncbi.nlm.nih.gov/pmc/

Establishing the Need

Background Research

Context: Establish a setting of who, what,
where and possibly when for this research.
-Justify the using published articles.

Rationale: Why is this problem important to
you and the community/society/research

world?
-Justify the significance of your project using

published articles.

Who is affected by this Where is this issue occuring? [ How often and for how long
problem? has it been happening?

Reason 1 Reason 2

Sources







ARTICLE 1

Scientific question:

Method description:

How | might use this:

ARTICLE 2

Scientific question:

Method description:

How | might use this:

Method Research

ARTICLE 3

Scientific question:

Method description:

How | might use this:

ARTICLE 4

Scientific question:

Method description:

How | might use this:



Roles and Responsibilities of

Rules for ALL projects
Students and Adults
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Hazardous chemicals,

Human Participants e "
Activities and Devices

ISEF Rules and
Guidelines for
Research

Engineering and

Vert te Ani . . .
ertebrate Animals Invention Project Guide
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........
----------------

Potentially Hazardous Biological
Agents

Display and Safety Rules




Project
Support

Find supplies
and mentors

SEND LOTS OF E-MAILS!

Many people are interested in helping
the next generation scientists but
don't have a way to do so. Your
emails will give them that chance!
Even if you get a series of Nos, all you
need is one Yes! Send as many as you
can, just be clear in what you are
asking of them and why you have
chosen to email them specifically.

@4

LABKITS

Many science and CTE teachers have lab kits
that can be modified to test different variables.
For example: Aquatic science: water quality test
kits, AP Biology: DNA Analysis and PCR Kkits,
Physics: PASCO or Vernier test probes, etc.

FAMILY FRIENDS AND CONTACTS

Your family may know someone that works at a
hospital, pharmacy, university, environmental
organization, engineering firm, etc. They would
be great resources to mentor or brainstorm with.
They may even have access to supplies to use!

PREVIOUS PROJECTS FROM OTHERS

Students can expand on projects that other

students have done in previous years.

e Hold a meeting at the end of competition
season for students to talk about future
studies that may spark ideas for others.

LOCAL COMMUNITY GROUPS

Find mentors or assistance for data collection by
contacting educational outreach programs from
local organizations. Parks, zoos,



INDEPENDENT
VARIABLE

What will you be changing for each group?

DEPENDENT
VARIABLE

What will you be measuring or collecting data
on?

CONTROL
GROUP

How will you set up a group that does not have
the variable applied to it? This will be what you
compare your experimental group(s) to.

Can you include both positive and negative
control groups?

SAMPLE SIZE

How many groups will you be testing and how
many times will you collect data on them?

CONSTANTS

What are things that you need to make sure stay
the same for all groups? -things that could have an
effect on the results if they were changed.

ALTERNATIVE

HYPOTHESIS/
PROJECT
GOAL

Based on your research, what are your predicted
results for the experimental group when compared
to the control group?

If your project is an engineering one, what is your
goal and how will you know if it has been met?

NULL
HYPOTHESIS

If hypothesis testing is involved:

What results would you see if the independent
variable does not end up having an effect on the
experimental group? *This can be rejected with
statistical analysis.




SUPPORTING YOUR HYPOTHESIS

HYPOTHESiS REASONING

This is a proposed answer o your SUPPORT FROM
research gquestion. ARTICLE 3

Now, using your background
research arficles, explain”how you
came up with that answer.

REASONING

REASONING
SUPE&_?&'LEQ]OM | SUPPORT FROM

ARTICLE 2




PROJECT ALIGNMENT

Problem or Question

oa NP

Procedure Overview and

Data Collection

Does your hypothesis or engineering goal propose an answer to your problem or question?
Will the procedure that you have designed lead to an answer to the the problem or question?

Will the procedure that you have designed provide data to support or refute your hypothesis or
lgg‘,;gﬁ engineering goal?



Materials [ist

MATERIAL

(INCLUDE CONCENTRATIONS OF CHEMICALS IF APPLICABLE)

QUANTITY

WHERE IT WILL BE
OBTAINED FROM

PURCHASE

HAZARDOUS OR

DANGEROUS?

COST
IF APPLICABLE



Hazardous

chemicals or
Parent Approval —»

dangerous
equipment  yeg Requires
Designated
no Supervisor and
possibly Qualified

Scientist

Vertebrate / L ODBrOVa
animals oF | Approva IS

, yes
Requires
Veterinarian or no
certified animal ; _
care specialist Potentially hazardous yes Reqw'res De5|gnat§d
approval biological agents? ——» SuperVIf5§>r and. DO§S|b|y
(bacteria, fungus, etc.) Qualified Scientist
approval
Human Teacher
Subjects? Approval Regulated Research Institution
projects are required to have
yes l no their own approvals for IRB
. (human subjects) or IACUC
Requires (vertebrate animals).
IRB

T SRC approval

approval



PROJECT
TITLE

Your project title should be informative,
it does not need to be cute.

No spiral notebooks.

Dates are important!

Use PEN! Science should be messy,
there should be things that are
crossed out. No white out!

Never tear out pages! Just fold a
page over if you don't want it.




01

Table of Contents
]

Add page numbers to the
table of contents

09

Daily Log
|

Handwritten with dates.
Include pictures and

activities.
*Photos cannot include other

people's faces or any brand names.

02

Problem or Engineering Goal
I

What are you attempting to

accomplish with this project?

Experimental Design 06
I

What are your variables?

What are your experimental groups
and control groups? Why?

What are the limitations of the
procedure?

10

Raw Data

I

Data charts go here, handwritten or
printed from the computer. Include
all samples.

03

Introduction/Rationale
[

Why did you choose this project?
Who will this project help?
Elaborate and "hook" your reade

Materials List
]

Make a bulleted list.
Make sure you list amounts,
concentrations, etc.

PROJECT NOTEBOCK SECTIONS

04

Research Notes
]

Annotated Bibliography.
You need at least 10 sources.
r!

07 08

Procedure with Safety
I

Be very detailed! It should
be replicable.

Include all safety
precautions that will be
taken.

Conclusions

12

What parts of your data supported or did not
support the hypothesis?

Why did the data show what it did? What is the
science behind it?

What are the implications of your results?
What would you have done differently?

How can this study be furthered in the future?



Daily Log- Handwritten

DATE

NAME

LOCATION

ACTIVITIES

INITIALS




Graph Choice Chart

What question would you

Does your question
ask about the variability of
4 group of data points? »
{i.e. the range of the data,
the shape of the distribution,
| or what the center of the data is)

like to explore?

Write your question as a complete sentence.

Examples:
1. Do adl high tides rise to the same heght®
2. Mow vanable are windspesds here?

Bm——

3. What & the range snd distribution of incomes

nited States?

E oty ] —= .
‘_._ make a—®™|  PLOT | “"I“" | BoT '-m] -

g p i

For each group

make a
£

L

—— —

A
i

Do you want ta compara the variability
of all data peints in each group to
decide if any cifference between the
Qroups 15 SN

Examples:
1. ‘Which of the two car designg s most
consistently the fastest?

Is theere a meaning ful difference in the heaghts
of fertilized and unfertiized bean plants?

2

Does your question compare Fi
tWo OFr more groups 12 | ygg
dacdide If the grougps am

the same or different?

Does it ask if
two numaric factors are
correlated 7

Examples:
15 the temperature inside the
house comralatad with the
emperaiune culside?

How did electncity used by the
kitchen circuit fuctuate during
Ehe past wesk?

i

Does your question ask how
a total is proportioned
into sub-groups?

{Or what proportion
a sub-group is of a total?)

Are you comparing Exampias;
single numbers that
sUmMmarize a group?
[Such &% mean, médian,
of total.,.] 3.

winter than
2

YES —
L throwgh linear TIME?

Do et Bnd dogs have the same
avernge Bady temparature 7
How &0 the median incomas lor
the U.5. and Sweden compare?

1. Was twa total snowfall greater this

) ]
last winter? e ".LB':"F' GRAPH J

Examples
No—] 2
o

"

PRESSOrT re

Doves it ask about

1. Is the fuel efficiency of a car relsted to s weight?
Arp sroking ratos corm
3. Given a fined valume,
Hated?

e = (ETRERAY)

ot w o ¥
o e Dermperabore and

how something changes

s

Exampies:

aver th Lt

5. Have Sumrer ke waker tempirdiures warmisd

¥
2. How &d my wekght change avers the last 3 months?

yaare?

= make a—f=| LINE GRAPH

Examples

1. Which circuit AScounts for the (Brgeat proparson
ol Eha bpctr LRl By DUr POLEahakl?

2. What proportion of U5, snargy comas
fromm wind?

3. What proportion of LS. residents take public
ransportation o wark?

| PIE CHART
o )

—
make aither

e ——
*|_ STACKED BAR CHART

)

The Maine Data Litsracy Project — Graph Cholce Chart
© 2018 The Makse Dot Lireracy Praject (Rew. Mar 2011)



https://www.caryinstitute.org/sites/default/files/public/downloads/curriculum-project/ml1-graph_choice_chart.pdf

Graphing tips

Variability questions: Frequency plot (3 kinds) Dot plot Box & whisker plot Histogram
Kind of data:
One categorical group and Ablantic shrmi—201% Ailandss Storm s
One numeric variable (one axis)

Aslantic Srremy

™

s

Freyw fa L
il

) » |

Frequency plots show how variable the = L L, wR TR T |

group is. Describe variability by range, 3o ¥ & e o Fo U= S8 Lo TO E.:J >Ar Nl o W

measure of center {mean, median, or Max Stovs Windipesd Wax Sore "‘““““-;" ¥ Max Storm. Wi 1
{ WLy

KABtEY (knets) 201 )
mode), and the shape of the distribution. L D 107%)

Comparing groups questions: Frequency plots Bar graph
Kind of data;
Two or more categorical groups &
One numeric variable

Ailaadie Bhrms aelandic Ferm3 Criteria for an informative graph:

-4
o

— Graph type fits the question

g%

Frequency plots allow you to compare ani -—i-'ﬂ?}'-“ —
how variabie the groups are. Bar grophs g ™ et
only show a single number (ie, sum, L . feee ¥o 1ee a8 2013 ———
average, percent or count) for each max windsperds (Rarfc) —

group. __ Data are plotted accurately

__ Legend is present, if needed

— Axes are drawn & scaled comrectly
___ Axes are labeled clearly, correctly

ot eind (ieds)

&
o

[To compare two groups of values) [To compare two summary values)

Correlation guestions: Scatter plot OR Line graph (for time series)
Kind of data:
Two numeric variables anlantic Srrmg Mwmber of Srormc per gear — Tiile and/or caption present
=1 A _ Trend line shown (scatter plot or

Both variables must be continuously H 2 .‘."' \ h__\ line graph oniy)

numeric. Connect dots only if one variable ik \ )'1\.(

is linear time (iLe. days, years...} Put time : - b ___ Graph helps answer the question
on the X-axis. £ e e b Bp b7 g Baie b 2

Show correlation with g Tine of best fit’ ax windspeeds :"‘:M“," Year

— Graph is overall neat & legible

Proportion [percentage) questions: Stacked bar graph {There are other kinds of
Kind of data: questions and other kinds of
Size of a subgroup as a percentage of Sevrees *f form incame graphs, and aften mare than one
the whole group (Total of sub-groups il e995 graph type is useful for a given
must = 100%:) i question. Learn to graph data
T Vegqich for these basic kinds of questions
o first.)

2%

In pie charts and stacked bar graghs, alf
sub-group percentages must total 100%.

#f of incoen &

FARM A4 TRENEB

The Maine Data Literacy Project — Graph Choice Chart [p. 2)
©2011 - Schoodic Institute and University of Maine {rev. Mar 2014)




N /.
Flow Chart for Selecting Commonly Used Statistical Tests
Parametric Assumptions:
1. Independent, unbiased samples Type of da[a?
2. Data normally distributed
3. Equal variances : 5
Continuous Discrete, categorical
B Chi-square tests
Type of question one and two sample
Ilclatimﬁhi]u/ Nl'cwnucﬁ
Do you have a true Differences between Means
independent variable? what?
s No Tests for
Equal Variances
= Fmax test,
Lo & ~arrelation Analvsis Brown and Smythe’s test,
Statistical Tests Analyses S Bartlett’s tests
The following_statistical tests are used to determine whether observed
differences are statistically significant
1.Parametric tests are used when data follow a particular distribution onpane - y 1
. . ) . . ) 2 Spearman’s Rank ow many treatment
(e.g., a normal distribution—a bell-shaped distribution where the Pearson’s r o groups?
median, mean, and mode are all equal). These tests are generally
[ Two groups
more powerful. More than two
2.Nonparametric tests are used when a particular distribution cannot OupE
. . Parametric assumptions Par: tions
be assumed; they rank data rather than taking absolute differences e T
into account. W No No
3.Unpaired tests compare values from independent samples. Data transform worked? | = m:'rm“m 7]
F Ans i cd!
4.Paired tests are performed on paired data. For example, where the o8 NU; Nonpurametric
es
same parameter is measured on each patient before and after an Student’s unpaired t-test, Mann-Whitney U or & (Ho
) . Paired t-test Wilcoxon Rank sums test
intervention.
5.Two-tailed tests should be used when an intervention could — T AT
tentially lead to either an increase or decrease of the outcome LEAEnRER, T Tt —
otentia . T ¢
P o/ : . posthoclesteg. || ANOVA Kruskal-Wallis Test
6.0ne-tailed tests should be used when an intervention can have only |: Tukey’s or Bonferroni's |
one plausible effect on the outcome. : .4
E If significant, do a
. . . . . . . - Dunn’s Test
Science Direct Article link with more information :
L



https://www.sciencedirect.com/topics/medicine-and-dentistry/nonparametric-test
https://www.sciencedirect.com/topics/medicine-and-dentistry/nonparametric-test
https://www.sciencedirect.com/topics/medicine-and-dentistry/nonparametric-test
https://www.sciencedirect.com/topics/medicine-and-dentistry/nonparametric-test
https://www.sciencedirect.com/topics/medicine-and-dentistry/nonparametric-test
https://www.sciencedirect.com/topics/medicine-and-dentistry/nonparametric-test
https://www.sciencedirect.com/topics/medicine-and-dentistry/nonparametric-test
https://www.sciencedirect.com/topics/medicine-and-dentistry/nonparametric-test
https://www.sciencedirect.com/topics/medicine-and-dentistry/nonparametric-test
https://www.sciencedirect.com/topics/medicine-and-dentistry/nonparametric-test
https://www.alchemer.com/resources/blog/how-to-choose-between-parametric-nonparametric-tests/
https://support.minitab.com/en-us/minitab/21/help-and-how-to/statistical-modeling/regression/supporting-topics/basics/what-are-categorical-discrete-and-continuous-variables/

«

Writing the

Conclusions

STEP 1 Hypotheses/Goal Reflections STEP 2 Limitations & Error Analysis
e How does your data support or refute your hypotheses e What struggles did you encounter with your
or engineering goals? experiment?
e Did you reject or fail to reject your null hypotheses if e How could these limitations and errors have affected
you had them? What was your p-value? your results?
e Why does your data show what it does? Connect it to e How did you attempt to minimize the effects of the
your background research. What is the science? limitations and errors?

e What would you do differently next time to improve
your experiment?

STEP 3 Implications of findings STEP 4 Future studies
e How do your results impact the research that has * How can your research be furthered?

already been done by others? e What questions has this research made you wonder
e Could your results have an impact on any other group or about?

environment? How?




Writing the £bstract
Under 250 Words

TOPIC & PURPOSE

HYPOTHESLES

B/ASIC METHOD

CONCLUSIONS

FPPLICATIONS

What was your topic and why did
you study this?

What were your hypotheses and why
did you think these would happen?

Briefly, how did you carry out your
experiment (just the highlights)?

What results were found and how did
they support or refute the hypotheses?

What implications and applications
could your results have?



HOW TO BE

A GREAT PRESENTER

Create a 2-3 minute elevator speech that walks your audience through your board.

Know your topic Practice Eliminate
and your audiences makes perfect filler words
= ++y
IQ;.— i, /
o\/ o
Create simple Focus on your Don't read your Make an eye contact
visuals key ideas presentation and body language

*When answering questions, don't be afraid to say that you don't know.



A Possible
Board Layout

Data Analysis

Include your purpose and rationale.
May include problem statement.

Review of Literature
Background research should include Conclusions

in-text citations.
Results

Hypotheses or Solutions and

Reasoning

Include in-text cited background Data tables, graphs and pictures
research on why/how you came to
these hypotheses.

Future Studies

Ideas for furthering this research

APA format is preferred. MLA is fine too.

*all graphs, charts and images need to have a citation or "made by student
researcher"
*no faces or brand names in images

Display & Safety Rules




Suggested Questions

What was your favorite part of your project?

Was there anything that was surprising to « Did you have fun doing your project?
you?

If you were going to do this project again,
what might you do differently?

What questions are you left wondering?

« What did you learn from your project?
« How does your project relate to other

_ o research?

Where did you get this idea? « Why did you chose to do a science fair
How did you come up with your hypotheses? project?
What was your control? « Did you run into any problems?
How did you choose your independent and + Walk me through your lab notebook.
dependent values? « Does your project have practical applications?
Will you explain this graph? « Could you have come up with another
Who might want to know about your results? conclusion?

« How much time did you spend on your
How did you calculate that result? , yousp Y

experiments?

How many times did you repeat your

_ ) « How did you come to your conclusions?
experiment’

« What was the most challenging part of your
project?

How are your findings important? « How did you address the limitations of your
method?

Who helped you with your experiment?



Judging Form & Comment Card

Project Title:

1. Research Question (10 pts)

Science low<12345678910> high
« clear and focused purpose

= identifies contribution to field of study Comments:

« testable using scientific methods

Engineering

« description of a practical need or problem to be solved

« definition of criteria for proposed solution

= explanation of constraints

1. Design and Methodology (15 pts)

All projects low<123456789101112131415 > high
= well designed plan and data collection methods

« variables and controls defined, appropriate and complete Comments:

Engineering

= exploration of alternatives to answer need or problem
« identification of a solution
« development of a prototype/model

III. Execution: Construction and Testing (20 pts)

All projects low<1234567891011121314151617 1819 20> high
- systematic data collection and analysis

= reproducibility of results Comments:

= appropriate application of mathematical and statistical methods

« sufficient data collected to support interpretation and conclusions
Engineering

« prototype demonstrates intended design

« prototype has been tested in multiple conditions/trials

- prototype demonstrates engineering skill and completeness

v. Creativity (20 pts) low<1234567891011 12 13 14 15 16 17 18 19 20> high
- project demonstrates significant creativity in one or more of the above criteria Comments:
V. Presentation (35 pts) low<12345678910 > high Comments:

a) Poster/Powerpoint (10 pts)

« logical organization of material

« clarity of graphics and legends

= supporting documentation displayed

b)  Interview/Video (25 pts) low<1234567891011121314151617 1819 20 21 22 23 24 25> high Comments:
= clear, concise, thoughtful responses to questions

- understanding of basic science relevant to project

« understanding of interpretation and limitations of results and conclusions

- degree of independence in conduction project

= recognition of potential impact in science, society and/or economics

« quality of ideas for further research

- for team projects: contributions to and understanding of project by all members

Adapted from ISEF's Judging Form



QUESTICNS

IDEAS




