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The goal of science is to understand the world around us.

Phenomena
fah-NOM-uh-nah

The word “science” comes from what Latin word?
Empirical Evidence

im-PEER-rih-cal

What is empirical evidence?

Is the following statement an example of a quantitative or qualitative observation: “Alex Tangs is an orange-tiger.”
Is the following statement an example of a quantitative or qualitative observation: “Alex Tangs weighs 6000 g.”
Besides opinions, what other types of thoughts cannot be measured scientifically?
Systematic observations are the empirical evidence on which all scientific theories and laws are based.

Give an example of how technology helps scientists gather observations that would otherwise be impossible:

	The universe around you and inside of you is a collection of countless mysteries. Scientists try to solve the mysteries of the natural world. The goal of science is to explain the phenomena—the events, experiences, and happenings—that are occurring in the world around us.
What causes my Coke to fizz when I shake it?

Why do I have blue eyes when my parents have brown? 

What’s it like on the deep ocean floor?

What exactly is global warming?

Scientists are like detectives – both literally AND figuratively! Like detectives, scientists are curious. They not only want to know what happened, they want to know WHY something happened (what CAUSED it to happen). In fact, the word science comes from the Latin word “scire” which means “to know.”
Like detectives, scientists try to deal with facts rather than feelings. Even if detectives think or feel that a suspect is guilty, they cannot act on the suspicion until they have the facts to back it up.
Science works the same way. All scientific knowledge is based on empirical evidence, which is evidence gained by means of observation and experimentation. Basically, empirical evidence is observable facts. A _______________ is a piece of information that can be verified or proven via observation.
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For example, it is a fact that my cat, Alex Tangs, is an orange-tiger. I could prove or verify that fact to you by bringing my cat to school, or simply by showing you a picture (a model) of my cat. The picture would allow you to observe and verify the color of my cat. While the original, unaltered picture would be considered empirical evidence, direct observation is the most credible means of gathering  empirical evidence.
We could also measure how much Alex Tangs weighs. Using a balance or scale to weigh Alex Tangs would be another way to gather facts (empirical evidence) about him. No matter who weighs him, all of our measurements should produce the same, almost identical data; the only minor variations would be due to measurement uncertainty and/or human or mechanical error.
However, if I tell you that my cat, Alex, is adorable, then I am stating an _____________________, not a fact. Opinions, beliefs, morals, and values are based on feelings, NOT on empirical evidence! I could observe my cat playing with a string, and that behavior might cause me to FEEL all warm and fuzzy inside. Because of that feeling (the emotional response), I might form the opinion that my cat is cute and adorable. But someone else (like my sister) might look at the same behavior and get an entirely different FEELING (my sister does not like cats, even cute ones like Alex)! Even though my sister and I are both observing the same behavior, we experience different FEELINGS and therefore form different OPINIONS about Alex Tangs. 

Cuteness or sweetness is not a measurable, scientific quality because it is based on the opinions (feelings) of others, NOT on empirical evidence (facts). Without a doubt, scientists can and do have opinions, feelings, beliefs and values about all kinds of things, and we are free to express our opinions and feelings just like anybody else! However, scientists understand that the value or quality of people’s opinions, feelings, beliefs and morals cannot be tested scientifically. 
OBSERVATIONS AND INFERENCES

The empirical evidence on which scientific theories and laws are based come from systematic observations. An __________________ is statement based on what one has noticed or observed. When you make an observation, you are using one or more of your five senses to gather information about the world around you. Sometimes we forget that we can use more than just our eyes to make observations. Scientists often use many different senses to make observations, including touch, sound, smell, and taste. In addition, tools and technology can be used to make observations that would be impossible for human senses to detect! Can you think of any examples where technology contributes to scientific observations? 

While conducting an experiment, it is important for scientists to distinguish between observations and inferences. Unlike an observation, an ___________________ is an explanation based on both observations as well as on evidence that is not directly observed.
For example, take a look at the image of the LOLcat and the “hooman” (the human) in the picture below. What do you see? 

Make a list of your observations:

Based on your observations, what do you think is going on? Before going on to the next page, infer what is happening in this picture:

So what did you infer was happening in the picture? Are the LOLcat and the “hooman” jumping on an invisible trampoline? Are they teetering on an invisible see-saw? Did someone forget to pay the gravity bill? Or are these two the winners of the 2011 Invisible Double-Dutch-Jump-Rope-Pattie-Cake Combine Competition?

While almost everyone will have similar observations, there is no guarantee that everyone will make the same inferences about what is happening in the picture above. Whether or not any of those statements are true (or even possible) is beside the point at the moment.
When collecting data (empirical evidence) during an experiment, scientists must strive to make as many objective, fact-based observations as possible; they must be very cautious about when and how they record any inferences they may have.  If you start to make inferences during data collection, your inferences can inadvertently affect the quality of your observations. For example, now that you’ve read some of the inferences about what’s happening in the picture, go back and take another look. Do you now see things with a different perspective?

Inferences DO have a place in the scientific process. A hypothesis, for example, is actually an inference! Scientists also make inferences after experimentation is complete. Inferences that come at the end of a scientific investigation often lead to future studies.

	SUMMARY:


	Most scientific investigations begin with…

A hypothesis is an educated guess based on research, observation, or other background knowledge.

hypothesis

high-poth-ee-sis

hypotheses

high-poth-ee-sees

Pseudoscience

soo-doh-science

pseudo=false

Pseudoscience is false science!


	SCIENTIFIC INVESTIGATIONS

But scientists do more that just seek facts. Scientists seek to explain how and why things happen. A scientist asks the question: “Why is my cat orange?”

When a scientist has a question, they usually try to answer their question by first doing some research. They may read books, they may search the internet, or they might call and talk to other scientists and experts. For example, I could check out a book about cats or use the internet to find information about the color of cats or cat genetics. However, scientists must be very careful about the sources that they use for their research. Scientists must learn how to search for reputable, primary sources whenever possible. That means the try to find the actual data that was gathered by scientists that are experts in the field. If I information on cat colors and cat genetics so that they can evaluate the conclusions and perhaps draw their own conclusions. In addition, scientists always validate the information that they use by cross-checking the data with other reliable sources.

Scientists can often answer their questions using the facts they discover in their research. For example, using the internet, I might learn that cats inherit the color of their fur from the genes of their parents. 

Sometimes, however, scientists want to do their own investigation. There are many different types of scientific investigations, including but not limited to systematic observations, controlled experiments, models and simulations, and field studies.  In general, scientific investigations usually involve the collection of relevant data, the use of logical reasoning, control of potential bias, and the application of imagination in devising hypotheses and explanations to make sense of the collected data using a process called the scientific method (inquiry).

HANDLING HYPOTHESES

So just what exactly is a hypothesis? A hypothesis is an educated guess for why something happens based on research or observation. An “educated guess” means we don’t just guess wildly. We need to base our hypothesis on background knowledge – what we have learned from previous research and experimentation. You have to know a little bit about your question before you can make a hypothesis. Only then can you predict what might happen in your experiment.

For example, based on my background in science, I know that cats inherit the color of their fur from the genes passed on from their parents. If I want to see this for myself, I might design an experiment where I test this idea by observing the offspring of two orange-tiger cats to see what color their kittens are. It is crucial that I word my hypothesis so that it is a testable, measurable statement: “If parent coat-color is related to offspring coat-color in cats, then 100% of the kittens born to two orange-tiger parents will be orange-tiger.” We call this kind of hypothesis an “If… then…” statement. The data I collect will either support or refute my hypothesis.

It is extremely important that a hypothesis be measurable. The hypothesis above included the prediction that 100% of the kittens will be orange. What if that number is left out? Let’s say I use this statement instead: “If I breed two orange-tiger cats, then they will produce orange-tiger kittens.” Is this an acceptable hypothesis? Let’s imagine the litter of the two orange cats produces twelve kittens, six of which are orange-tiger. Is our hypothesis supported? What if only three of the twelve are orange? Without the measurable prediction, it appears that both scenarios could support my hypothesis, even though some kittens were NOT orange-tiger! At the same time, the fact that some kittens were not orange tends to refute my hypothesis!

It is also important to avoid generalizations in your hypothesis. Let’s modify our hypothesis again: “If I breed two orange-tiger cats, then they will produce more orange-tiger kittens than any other coat color.” What constitutes more? What if, in a littler of five kittens, two kittens are orange tiger, one is black-white tuxedo, one is brown tiger, and one is white? While there are more orange tigers than any other color, the majority of the kittens in the litter are NOT orange. To avoid such pitfalls, scientists strive to research and then create hypotheses that are measurable compared to a specific numerical quantity. Scientists try to avoid such phrases like more than, less than, and the most; Scientists almost NEVER use phrases like better than, the best, and worse than when creating a hypothesis (these sound too much like opinions)!

PROOF, REPLICATION, AND VERIFICATION

As mentioned before, the results of an experiment may be said to either support or refute a hypothesis. In the experiment with the cats, I predicted that if I breed two orange cats, then 100% of the kittens will be orange. Let’s say that I conduct my experiment and I observe that all of the kittens are orange. What I observe in my experiment supports my hypothesis.

However, I cannot say that I have proved my hypothesis correct.  Just doing an experiment one time is not enough to prove that a hypothesis is true! For example, just because the orange cats in my first experiment had orange kittens, does NOT mean that every orange cat will always have orange kittens! If I were to repeat my experiment several times with other cats, I would most likely discover that kittens often have different coat colors from their parents! Even if most orange cats have orange kittens, I still have not proved that this trend will always be the case forever and ever.

In fact, a hypothesis must be tested over and over and over again by many different scientists and produce consistent results before it gains acceptance in the scientific community. This repetition of an experiment by other scientists is known as replication and verification. Still, even after replication and verification, a hypothesis can never be proven beyond all doubt. A hypothesis can be disproven, but not proven to be true!

Only doing an experiment one time or just a few times may lead to poor inferences and false claims about the results of an experiment. For example, if I feed Joey a new flavor of canned food and he doesn’t eat it, I cannot automatically infer that he dislikes that flavor. Perhaps Joey wasn’t particularly hungry on the day of the trial. Maybe something else was bothering him and he didn’t feel well that day. Maybe he was hesitant to try the unfamiliar-smelling new food and it spoiled before he really had the chance to try it. Instead of jumping to conclusions after only one test, I must try to minimize the influence of these other factors (design a controlled experiment with systematic observations) and then repeat the experiment several times to see if Joey’s attitude towards the new food changes.

PSEUDOSCIENCE AND ANECDOTAL EVIDENCE
Sometimes, people may wrongly try to overlook or ignore data that does not support their hypothesis. Weight loss commercials are notorious for showing before and after images that supposedly prove their product works. While the images may be real and potentially support certain claims about the product, remember that supporting data does not PROVE the product works. What’s worse, if you read the fine print in many commercials, you’ll often see a statement admitting that “these results are not typical.” In other words, most of the trials did not produce the results shown in the pictures! For some reason, this seller wants you to ignore the majority of the data and instead just look at a few atypical cases. We call this pseudoscience.

	Summary:




Tabbies: If your cat has stripes, it is a "tabby." Some people call these "tiger cats." If you look up close at the light parts of a tabby's coat, you will see that the individual hairs are striped with alternating light and dark bands, like the fur of a rabbit or a squirrel. This banding is called "agouti." Tabby is thought to be the "wild type" (the original color) of domesticated cats. 


There are four different tabby patterns: 


A "mackerel tabby" has narrow stripes that run in parallel down its sides. This is what some people refer to as a "tiger." 


A "classic tabby" cat has bold, swirling patterns on its sides like marble cake. 


A "spotted tabby" or “spotted tiger” has spots all over its sides. Sometimes these are large spots, sometimes small spots, and sometimes they appear to be broken mackerel stripes. 


A "ticked tabby" (sometimes called "Abyssinian tabby" or "agouti tabby") does not have stripes or spots on its body. However, like all tabbies, it has tabby markings on the face and agouti hairs on the body. This is the color of the Abyssinian cat, but it also appears in non-purebreds and does not mean the cat is Abyssinian. 


Tabbies come in many different colors. You can tell what color a tabby is by looking at the color of its stripes and its tail tip. The color of the agouti hairs (the "ground color") may vary tremendously from cat to cat, some cats may have a washed out gray ground color and others will have rich orange tones. 


A "brown tabby" has black stripes on a brownish or grayish ground color. The black stripes may be coal black, or a little bit brownish. 


A "blue tabby" has gray stripes on a grayish or buff ground color. The gray stripes may be a dark slate gray, or a lighter blue-gray. 


A "red tabby" (also called an orange tabby) has orange stripes on a cream ground color. The orange stripes may be dark reddish orange, or light "marmalade" orange. 


A "cream tabby" has cream stripes on a pale cream ground color. These stripes look sand-colored or peach-colored rather than orange. 


A "silver tabby" has black stripes on a white ground color. The roots of the hairs are white. You can also have a blue silver, cream silver, or red silver tabby (red silver is also known as "cameo tabby") depending on the color of the stripes. In all cases, silver tabbies have a pale ground color and white roots. To make sure, part the hairs and look at the roots. 











