Guide Supplement
oucarorcuce COOKIeology: Experimental Design 101

Activity Guide for Students

Purpose: To learn and practice the initial steps of designing a scientific research project.

Procedural overview: Design a scientific experiment to create the ideal sugar cookie. If time and
resources allow, run the experiment, collect and analyze data, and report your results.

Approximate class time: One class period, or more if students will be conducting their experiments.
Supplies:

e Computers to access the online Cookieology activity
e Access to the internet
e Cookie supplies
o Black+Decker 4-slice toaster oven or other oven at school
Parchment paper
Oven thermometer
Kitchen scale that measures in grams
Toothpicks
Ruler
Oven mitt
Spatula
Premade sugar cookie dough or the ingredients and a general recipe
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Directions for students:

Have you ever wondered why baking cookies smell good? Or why cookies taste good, especially when

they are slightly crispy? What exactly happens in the oven to turn dough into a cookie? Does it surprise
you to hear that baking a cookie is actually one big science experiment and that each recipe is essentially
an experimental procedure?

To explore the steps of experimental design, you will plan an experiment to make an ideal sugar cookie.
This lab activity is developed from a number of resources including the Science News for Students Eureka
Lab! series, “Bake yvour way to your next science project!,” the 2017 Research in Brief Educator Guide as
well as a lesson plan developed by a Science News in High School educator and “tested” with her own
research classes. This activity is designed to walk you through the initial steps of designing and
conducting an experiment.



https://www.sciencenewsforstudents.org/article/bake-your-way-your-next-science-projecthttps:/www.sciencenewsforstudents.org/article/bake-your-way-your-next-science-project
https://www.sciencenews.org/system/files/SNHS_Educators_guide_full_research_in_brief_04_29_2017_0.pdf

I. Determine an initial focus and conduct background research.

The first step in the scientific experimental design process is to find a good topic in order to formulate a
suitable research question and hypothesis. Since this activity defines the scope of the “research field,” you
might not need to do additional searching to find a research topic at this time.

In the future, to start your own research project, you would need to find a topic that interests you.
Science research project ideas should come from you, not a parent, teacher, research mentor or someone
else. There are many ways to find good project ideas. You might explore the real science that is related to
something in a science fiction film or story. You might have ideas for an engineering solution to a real-
world problem encountered by you or a family member or friend. You might propose a scientific analysis
or engineering application based on one of your hobbies or interests, such as bicycling, sewing or
filmmaking. You might think of new questions or applications after learning about new science research
in Science News and Science News for Students articles. Log in to Science News in High Schools and search
the most recent articles or just look through the current issue of Science News. In the student activity
section of the Research in Brief Educator Guide, you could answer the related “Generating Interesting
Topics and Questions” prompts to help you form ideas.

In order to proceed with designing your ideal sugar cookie, you probably need to shore up your food
science and baking 101 knowledge. In this section, spend some time getting to know the ingredients and
science behind the cookie baking process.

For more information on conducting background research, see:
Cookie Science 12: Heading to the library.
Cookie Science 13: The deal with gluten.

Here are a few resources to get things started and to refer to along the way:

Science News for Students, “Eureka! Lab: Bake your way to you next science project!”

TED-Ed, “The chemistry of cookies — Stephanie Warren.”

ACS Reactions Video “How to Cookie with Science”

1. After watching one of the listed cookie science videos, do you have any initial thoughts about possible
questions you would like to test? List three potential questions below.

2. Do you have a favorite sugar cookie recipe memorized? If not, you're going to need to do a little
research to find a basic recipe that provides a good starting point for your design. Or, if you love the
ready-made sugar cookies, then look up the ingredients and cooking instructions for a common type.
Print out the recipe or write it below.


https://www.sciencenews.org/snhs/login
https://www.sciencenews.org/snhs/search
https://www.sciencenews.org/system/files/SNHS_Educators_guide_full_research_in_brief_04_29_2017_0.pdf
https://www.sciencenewsforstudents.org/blog/eureka-lab/cookie-science-12-heading-library?mode=blog&context=80
https://www.sciencenewsforstudents.org/blog/eureka-lab/cookie-science-13-deal-gluten?mode=blog&context=80
https://www.sciencenewsforstudents.org/article/bake-your-way-your-next-science-project
https://www.youtube.com/watch?time_continue=254&v=n6wpNhyreDE
https://www.youtube.com/watch?v=3b4shT7EBZQ&feature=youtu.be&a=

3. Assuming you would be using scientific, metric-based lab equipment, do English to metric conversions
for each ingredient. (Liquid measurements should be converted to milliliters and solid measurements
should be converted to grams.)

4. What are the chemical components of each ingredient? Which ingredients are pure substances or
mixtures? Explain your answer and give the chemical makeup of the ingredients — include the chemical
formula of ingredients, when appropriate. What role does each ingredient play in cookie composition?

5. Name a few chemical reactions and physical changes that occur when ingredients are mixed together
and baked.

6. Drawing on what you have learned from your research of the related scientific concepts, look back at
your original questions and modify them or ask a new question that could be answered through
observation or experimentation.

7. Describe the results you expect to observe.



II. Define your variables and develop your own testable Cookieology hypothesis from your
proposed question.

After all that research and brainstorming, it's your turn to determine how to scientifically address your
cookie question. You'll need to plan out an experiment by first developing a hypothesis that you want to
test. Your hypothesis should be testable and should identify variables that can be measured or qualified
throughout the experiment. You can collect quantitative data (data that consists of numbers, such as
temperature, width or mass) and/or qualitative data (data that consists of nonnumeric characteristics as
perceived by a human, such as texture or color).

1. What quantitative cookie data might you want to collect to address your cookie question, and how
would you collect it?

2. What qualitative cookie data might you collect to address your cookie question, and how would you
collect it?

Now that you have determined what data you can collect, establish your experimental variables and
eliminate unwanted ones. A variable is a factor, trait, object or condition whose value can change in the
course of an experiment. As you saw from above, a variable can be qualitative (descriptive) or
quantitative (measurable). A quantitative variable can be continuous or discrete. Cookie height, for
example, is continuous because it can be any number between its minimum and maximum value. The
number of heads or tails in coin tosses, though, is discrete because you would only use whole numbers to
describe the data.

The independent variable is a factor that you, the experimenter, manipulate in order to observe its
relationship to a phenomenon that can be measured (the dependent variable). Think “I” for
“independent” and the one that “I” can control. Think “D” for “dependent” and for “data generated.”

Experiments are designed to find out how the independent variable affects the dependent variable.

3. Identify one factor or variable that you will manipulate — the independent variable.

4. Identify one factor or variable that you will measure — the dependent variable.



Now, create a testable hypothesis: Your hypothesis will need to be tested to generate one or more lines of
evidence that will either support or refute it. A good hypothesis should be original and testable. Think
through an experiment that can be done and that is repeatable. Write a hypothesis that defines a
relationship between your variables. You may want to narrow down your research problem to a
statement that is directional. A non-directional hypothesis defines that a relationship exists between two
variables in some way. A directional hypothesis not only defines the relationship between variables, but
also predicts a positive or negative change or difference between the two variables.

For examples, see Cookie Science 2: Baking a testable hypothesis.

5. Write a non-directional hypothesis that defines relationships between your variables.

6. Write a directional version of the above hypothesis.

III. Think about how you would analyze and display the data you collect, and the potential errors
that will need to be controlled for by the procedure.

For additional information, see: Cookie Science 5: ‘Blinding’ vour subjects.

1. How will you plan to analyze your data? Will you run any mathematical tests to see if there is statistical
significance among your data, either proving or disproving your hypothesis? If so, make sure you
determine the population size that you need to run the specific statistical test. Your teacher will give you
more guidance for this question.

2. Some errors in data collection are random. Random errors can be either positive or negative
fluctuations that affect the accuracy of your data. The best way to minimize random error is to test as
many identical samples as possible, then take the average of those results. What sorts of random errors
might occur in the cookie project?


https://www.sciencenewsforstudents.org/blog/eureka-lab/cookie-science-2-baking-testable-hypothesis?mode=blog&context=80
https://www.sciencenewsforstudents.org/blog/eureka-lab/cookie-science-5-blinding-your-subjects?mode=blog&context=80

3. Other errors in data collection are systemic. They always occur in the same direction; all of the
measurements are off in the same way. Systemic errors affect the accuracy of the data. What sorts of
systemic errors might occur in the cookie project?

After analyzing the data, charts and graphs can be used to illustrate relationships between variables, or
what your data found. Consider the following charts and graphs, and think about which one will most
accurately represent the findings of your cookie experiment.

4. Pie charts show each component’s relation to the whole. The categories are represented as slices of the
pie and are usually shown in different colors. What cookie data might you graph using pie charts?

5. Bar graphs compare values between two or more populations, with the height of each bar representing
the value for that population. Sometimes single bars are divided into segments of different colors to
illustrate the relative contributions of different factors to that group. What cookie data might you graph
using bar graphs?

6. Time-series graphs show measurements over a period of time. Either axis could be used for time, but
usually time is plotted on the x-axis (horizontal axis). Data are plotted as dots or small circles. To help
visualize the trend in the data, data points are usually connected by straight lines between data points or
by a smooth curve of a mathematical function that best explains the trend in the data. What cookie data
might you graph using time-series graphs?

7. Scatterplots show a relationship between two quantitative variables. The independent variable is
plotted on the x-axis (horizontal axis) and the dependent variable is plotted on the y-axis (vertical axis).
What cookie data might you graph using scatterplots?



IV. Write and perform your procedure.

If your teacher asks, create a stepwise, detailed procedure for your Cookieology research project. While
designing the procedure, make sure you think about ways to minimize potential errors, make accurate
measurements and create reproducible results.

For additional information about writing a procedure, see: Cookie Science 6: Baking it up.

Keep in mind that many experiments (even surveys, and certainly things like taste tests) require safety
and consent paperwork before the experiments can begin. If you think you might be entering a science
fair in the future, check the Society for Science website for all the rules and paperwork before you start
any project!

For example, see Cookie Science 4: Cookie ethics.

Be sure to keep a detailed data table in your lab notebook throughout the duration of your project. Write
down any relevant ideas you had or experiments that you did each day. Make sure to put the date on each

page.

For more details about keeping a good lab notebook, see Cookie Science 3: The lab notebook.



https://www.sciencenewsforstudents.org/blog/eureka-lab/cookie-science-6-baking-it
https://www.societyforscience.org/
https://www.sciencenewsforstudents.org/blog/eureka-lab/cookie-science-4-cookie-ethics?mode=blog&context=80
https://www.sciencenewsforstudents.org/blog/eureka-lab/cookie-science-3-lab-notebook?mode=blog&context=80

V. Analyze and display your results.

In the final phase of a project, you should analyze your data and draw conclusions. When you analyze
your data be sure to estimate your experimental error (the accuracy of your results) and the effects of
any assumptions you made during the experiment. Perform other relevant statistical tests with your data
to help determine if your hypothesis is true.

For more information on statistics, see:
Statistics: Make conclusions cautiously.

Cookie Science 8: The meaning of the mean.
Cookie Science 9: How data can spread.

Cookie Science 10: Finding the cookie difference.

Make tables and graphs of your experimental data. For all graphs and charts, it is important to include a
title, labels for the axes and appropriate units for the variables. Wherever possible, use different colors to
make it easier to identify different important aspects of the data. You should indicate experimental error
on your graphs when possible, usually with small bars to show the standard deviation around the mean
of each data point or bar height.

For additional information, see:

Cookie Science 14: One experiment, 400 cookies.
Cookie Science 11: That’s the way the cookie crumbles.
Cookie Science 15: Results aren’t always sweet.

Cookie Science 17: Posters — the good and the bad.

You should always aim to answer a standard set of questions in your results section. Below is a set of
general questions that you should be able to answer after your analysis.

1. State your results. Was your hypothesis correct or incorrect? Explain.

2. Did your work lead to a modified hypothesis or to a new hypothesis that appears more likely to be
correct?

3. What conclusions did you draw from your cookie experiments?


https://www.sciencenewsforstudents.org/blog/eureka-lab/statistics-make-conclusions-cautiously?mode=blog&context=80
https://www.sciencenewsforstudents.org/blog/eureka-lab/cookie-science-8-meaning-mean?mode=blog&context=80
https://www.sciencenewsforstudents.org/blog/eureka-lab/cookie-science-9-how-data-can-spread?mode=blog&context=80
https://www.sciencenewsforstudents.org/blog/eureka-lab/cookie-science-10-finding-cookie-difference?mode=blog&context=80
https://www.sciencenewsforstudents.org/blog/eureka-lab/cookie-science-14-one-experiment-400-cookies?mode=blog&context=80
https://www.sciencenewsforstudents.org/blog/eureka-lab/cookie-science-11-that%E2%80%99s-way-cookie-crumbles?mode=blog&context=80
https://www.sciencenewsforstudents.org/blog/eureka-lab/cookie-science-15-results-arent-always-sweet?mode=blog&context=80
https://www.sciencenewsforstudents.org/blog/eureka-lab/cookie-science-17-posters-good-and-bad?mode=blog&context=80

Researchers often state what future work they might do if they continue that same project, or what they
wish they had done differently during the experiment.

For example, see:
Cookie Science 16: If I had to do it all again.

4. What didn’t go as planned in your experiment? How did these errors affect your results? What would
you do in the future to minimize unwanted errors?

5. What additional experiments might you conduct, or in what additional directions might you go, if you
were to continue your cookie research project?


https://www.sciencenewsforstudents.org/blog/eureka-lab/cookie-science-16-if-i-had-do-it-all-again
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