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Part a: Is It Science? Is It A Scientific Statement?

The Nature of Science–“CONPTT” Grid–Is It Really Science?

	Criteria
	Within the realm of science
	Outside the realm of science

	Consistent
	Experimental results and

observations are the same.
	Experimental results and observations are

NOT the same.

	Observable
	The phenomenon (event) or

evidence for the event can be

observed by the human senses or

by extensions of those senses.
	The phenomenon (event) or evidence for

the event can NOT be observed by the

human senses or by extensions of those

senses.

	Natural
	A natural cause or naturally

occurring mechanism is used to

explain how or why an event

happens.
	A natural cause or naturally occurring

mechanism can NOT be or is NOT used to

explain how or why an event happens.

	Predictable
	Accurate predictions and

conclusions are based on natural

causes, NOT on presupposed or

assumed information.
	Accurate predictions and conclusions are

NOT based on natural causes but usually

on presupposed or assumed information.



	Testable
	Experiments can be designed to test

the natural cause of the event or

phenomenon.
	Experiments can NOT be designed to test

the natural cause of the event or

phenomenon.

	Tentative
	Explanations (laws, theories,

hypotheses) of the cause

(mechanism) for the event are

subject to change as evidence

shows the need.
	Explanations of the cause of the event in

question are NOT subject to change.




What is “emerging science”?

Emerging science (or “protoscience”) may be defined as a “near science.” A protoscience tends to conform to most of the CONPTT criteria but typically falls short in one or more of the criteria.  A protoscience differs from a science in that consistent observations and predictions may be limited by knowledge and/or technology.

For example, let’s look at parapsychology. This includes such phenomena as clairvoyance, precognition, and psychokinesis. Scientists generally consider parapsychology a pseudoscience because its phenomena conflict with known physical laws.

What is “non-science”?

Non-science may be defined as an area of knowledge, which does not meet the criteria of science (CONPTT). Non-science topic areas may be very logical and based on good reasoning, but simply do not fall within the realm of science. They would include any belief system, e.g., religious beliefs, philosophy, personal opinions or attitudes, a sense of esthetics, or ethics. 

What is “false science”?

False science (“pseudoscience”) may be defined as a non-science, which is portrayed and advertised as a legitimate science by its followers and supporters. Astrology (as presented by some of its supporters) is a good example of a pseudoscience.

Summary

Science is a limited discipline that studies only naturally occurring events and offers natural explanations for the phenomenon under study. The data must be consistent, observable, predictable, and testable, and any conclusions or theories are tentative.

Reality Check
During the Reality Checks of the six criteria that determine whether something is science or not science, or whether a statement is scientific or not scientific, only one criterion was applied to each statement. To qualify as science or as a scientific statement, all six criteria must be used and all must be satisfied. Remember: If most but not all are satisfied, then one may have identified a protoscience. If none are satisfied, then one may have identified a non-science or a

pseudoscience. 

· Read all six statements below and qualify each as scientific or non-scientific, based on the six CONPTT criteria. 
· Fill in the table provided at the bottom of this page. 
· Finally, choose a statement of your own, write it in the space provided, then analyze it as you did the others.

1. Astrology is said to be able to predict the events of one’s life from the positions of the heavenly bodies at the time of one’s birth. In tests, students were given personalized horoscopes and asked to rate them. All rated the horoscopes as accurate. However, when they traded horoscopes, they found that all of them were identical. In fact, no experiment has ever validated a single aspect of astrology, and no one has ever explained how astrology works.Astrology also states that your personality is set from birth and does not change.
2. Astronomers agree that the universe was created in an enormous explosion (known as the Big Bang) nearly 15 billion years ago. At one time, scientists believed that the galaxies were flying apart, but at ever-slower speeds as their mutual gravity slowed them down. Then, in the late 1990s, some evidence was discovered that suggested the expansion is actually speeding up. Other tests were devised and seem to confirm the findings, but no mechanism for this acceleration has been proposed. Left over heat or radiation was predicted as a result of the Big Bang and was later discoveredand confirmed with tests.
3. Critics analyze movies to determine how good they are. One critic can give a movie a very good review, while another can call it terrible.

4. In 1869, the Russian chemist Dmitri Mendeleev developed a table showing the chemical elements known at the time. He claimed that this periodic table showed that there were undiscovered elements and he made predictions about their properties. These elements were eventually discovered and their properties closely matched Mendeleev’s predictions.

5. Many people claim to have been abducted by aliens in UFOs and given physical examinations. However, there is no third-party evidence to the abduction or the presence of alien spacecraft and the abductees show no physical signs of anything unusual having happened to them.

6. Ancient Egyptians explained the movement of the sun across the sky as a result of the sun being dragged behind the chariot of the sun god Ra.

7. Insert statement here:

Evaluate these statements with the CONPTT criteria. Mark in each cell of the table for which the statement meets the criteria. Based on the number of boxes filled, determine if each statement describes science (S), non-science (NS), pseudoscience (PS), or emerging science (ES). Fill in the appropriate letter code in the last column.

	
	Consistent
	Observable
	Natural
	Predictable
	Testable
	Tentative
	Classification

	Astrology
	
	
	
	
	
	
	

	Big Bang
	
	
	
	
	
	
	

	Movie Critics
	
	
	
	
	
	
	

	Periodic Table
	
	
	
	
	
	
	

	UFOs
	
	
	
	
	
	
	

	Sun
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In order to become scientifically literate it is essential to understand what good science looks like. The study of science involves the study of the nature of science—what science is and what science can and cannot do.

Good Science is Limited to Natural Events.

Science can only study problems that can be discovered by science. Scientific processes cannot solve math problems or paint a picture. Scientfic study cannot solve all of the universe’s problems.

The Universe is Orderly, Reasonable and Testable.

Scientific study is based on the assumption that the universe is orderly, reasonable and testable. Problems can be recognized and scientists explore ideas in the testing to try to find a solution. Scientists have three levels of rules for classifying solutions 

• Hypothesis: An idea about a possible solution, which needs to be tested.

• Theory: A hypothesis that has been tested and was found to be valid. Theories are still considered tentative.

• Law: A generalization about how an event behaves under specific conditions.

Good Science Offers Natural Explanations.
A valid scientific theory explains why or how a natural event occurs and identifies the natural cause for the event. The theory must only deal with natural testable explanations; supernatural occurences belong in the realm of religion, not science. This is not a value judgement for or against supernatural explanations—it simply classes the supernatural as not within the scope of science.
Good Science Requires Accurate Predictions.
In practice, scientists often have to choose among two or more competing theories. They then accept the theory that is most consistent with the weight of evidence. The stronger the mass of supporting evidence, the more acceptable the theory becomes.

Good Science Requires Careful Observation and Controlled Experimentation.

The kinds of supportive evidence that are acceptable are mainly careful observations by trained observers and controlled experiments. Different researchers must duplicate observations and experiments in order for the results to be fully acceptable. Statistical correlation, unsupported testimony and references to authority are not sufficient to support or reject scientific theories.
Scientific Theories are Always Subject to Change.

A scientific theory is always subject to change, despite the care with which evidence is gathered and evaluated. When new evidence is discovered through good scientific research, theories are revised, corrected and rejected.
“CONPTT”: Six Criteria of Good Science

Good science is supported by consistent, observable data, which is tested through experimentation.                     Resulting tentative theories explain natural events and result in accurate predictions by identifying the natural causes of the event. “CONPTT” is a mnemonic for the Six Requirements of Good Science: Consistent, Observable, Natural, Predictable, Testable, and Tentative.
                            CONPTT
CONPTT=Consistency

• The results of repeated observations and/or experiments on a naturally occurring event are reasonably the same when performed and repeated by competent investigators.

• The naturally occurring event always occurs in the same way.

• The weight of the evidence falls within well-established observations and limits.
CONPTT=Observable

• The event (phenomena) under study can be observed and explained by any qualified observer.

• The observations are limited to the basic human senses or to extensions of the senses such as an electron microscope.

• If the phenomena cannot be reproduced through controlled conditions, natural evidence of the phenomena’s occurrence must be available for investigation.
CONPTT=Natural

• A natural cause (mechanism) must be used to explain why or how the phenomena happen.

• Scientists may not use supernatural explanations to explain why or how naturally occurring phenomena happen because reference to the supernatural is outside of the realm of science.

[image: image5.jpg]



CONPTT=Predictability

• Theories result in precise and accurate predictions.

• The understanding of the mechanism of the event can be used to create specific predictions.

• Each prediction can be tested to determine if the prediction is true or false.

CONPTT=Testability

• The mechanism of the phenomena must be testable through the processes of science.

• Controlled experimentation is essential.

• References to supernatural events or causes are not relevant or acceptable tests.
CONPTT=Tentativeness

• Scientific theories are subject to revision and correction, even to the point of the theory being proven wrong.

• Scientific theories have been modified and will continue to be modified to consistently explain observations of naturally occurring events.
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Dinosaur Scene - Observation and Inference Worksheet

Observation Versus Inference

A time machine has been invented that travels into the past and takes pictures, sending them to the present. You are asked to look at one of the pictures and interpret what you see. 

	____ 1. The volcano is erupting.

____ 2. The camptosaurus is going to eat the stegosaurus.

____ 3. The stegosaurus will run into the water to escape.

____ 4. The camptosaurus is leaving tracks in the ground.

____ 5. The ground where the camptosaurus is walking is wet.

____ 6. There are plants growing in the water.

____ 7. The camptosaurus is going into the water to eat the plants.

____ 8. There is a tree growing next to the river.

____ 9. The tree looks like a palm tree.

____ 10. The climate is warm.

____ 11. The stegosaurus is eating the plant.

____ 12. The stegosaurus is an herbivore.

____ 13. There are bones from a dead animal by the shore.

____ 14. The camptosaurus killed the animal.

____ 15. Some more bones are in the water.

____ 16. The camptosaurus can’t swim and will drown.

____ 17. Lava is corning down the sides of the volcano.

____ 18. The camptosaurus has sharp teeth for eating meat.
	A. Observation

B. Inference




Suppose you are a paleontologist and you have just discovered a layer of rock with many fossils in it, both petrified bones and tracks. 
[image: image1.emf]
Decide whether the following statements are observations or inferences.

	19. _____ There are tracks from three different animals in the rock.

20. _____ One animal was chasing another animal.

21 _____. Two different animals died in this spot.

22. _____ When the animals walked here the ground was wet.

23. _____ One of the animals that died here had bony plates.

24. _____ One of the animals that died here had sharp teeth.

25. _____ The animal that had sharp teeth ate meat.
	A. Observation

B. Inference
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CONPTT Versus Claims
Science is a system of acquiring knowledge. This system uses observation and experimentation to describe and explain natural phenomena. Scientific principles must be consistent with available evidence and make testable predictions. Quality of evidence is subjective, but certain kinds of evidence (studies published in peer-reviewed journals in broad circulation) are generally considered higher quality than others (anecdotes, tradition, celebrity testimonial, rumor, self-published work, etc.). 
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A statement is not scientific if any of the following are true:

a) It includes supernatural or non-physical observations or causes

b) It is inconsistent with the evidence

c) It has little or low quality evidence in its favor

d) It does not make testable predictions

Below is a list of phenomena along with some brief descriptions.  

1. Rank each of them on a scale from 0 to 5, where 0 equals “completely un-scientific”, 1 through 4 are science of increasing quality and 5 equals “science supported by high quality evidence”. 

2. For any ranks of 0, specify the reason (a through d).

	Phenomena
	Description
	Rank (0-5)
	Reason if 0     (a-d)
	Comment

	Acupuncture
	A technique of inserting and manipulating needles into specific points on the body to relieve pain or for therapeutic purposes
	
	
	Acupuncture is based on the supernatural idea of "chi" which is not measurable. The evidence in favor of acupuncture is inconsistent and there is no evidence that the location of the needles has any relevance. 

	Atomic Theory
	Matter is composed of discrete units called atoms
	
	
	There are smaller parts of an atom, but they do not retain the properties of an entire atom.

	Big Bang Theory
	The universe has expanded from a hot and dense condition at some finite time in the past, and continues to expand to this day
	
	
	The big bang theory is consistent with observation and has made testable predictions including the microwave background radiation, the relative abundances of various elements, and the relationship between galactic distance and velocity. 

	Bigfoot
	An ape-like creature inhabits forests of the Pacific Northwest
	
	
	Reports and observations are inconsistent. There is no organism to perform testing on. 

	Continental Drift Theory
	Continents move and used to be in very different locations a long time ago
	
	
	A large body of scientific evidence supports this theory. Testable predictions have been made. 

	Led Zeppelin
	Greatest rock band from the 1970s.
	
	
	This is not science.

	Evolution
	The change in the inherited traits of a population of organisms through generations which can eventually lead to development of new species.
	
	
	Evolution is consistent with a great deal of physical evidence and has made testable predictions. 



	Law of Attraction 
	People's thoughts alone can dictate the reality of their lives, as seen on “Oprah”
	
	
	The law of attraction does not have a physical mechanism. It has not been subjected to testing.

	Mona Lisa
	A 16th century portrait painted in oil on a poplar panel by Leonardo da Vinci.
	
	
	This is not science.


CONPTT Cut and Glue
Directions: Find the definition for each criteria that an area of study must fulfill in order to be considered science. Then find an example of a scientific statement that illustrates each criteria.

	CRITERIA
	DEFINITION
	EXAMPLES OF SCIENCE

	CONSISTENT
	
	

	OBSERVABLE
	
	

	NATURAL
	
	

	PREDICTABLE
	
	

	TESTABLE
	
	

	TENTATIVE
	
	


Pluto the planet  dwarf planet  plutoid?

Tentative - Scientific theories are subject to revision, even to a theory being proven wrong.  

What is Pluto? (http://www.nasa.gov/audience/forstudents/k-4/stories/what-is-pluto-k4.html)
Pluto was discovered in 1930 by an astronomer from the United States.  An astronomer is a person who studies stars and other objects in space.  Pluto was known as the smallest planet in the solar system and the 9th planet from the sun.  Today, Pluto is called a “dwarf planet.”  A dwarf planet orbits the sun just like other planets, but it is smaller.  A dwarf planet is so small it cannot clear other objects out of its path.
Pluto is in a region called the Kuiper (KY-per) Belt.  Thousands of small, icy objects like Pluto are in the Kuiper Belt.  On average, Pluto is more than 3.6 billion miles (5.8 billion kilometers) away from the sun.  That is about 40 times as far from the sun as Earth.  Pluto orbits the sun in an oval like a racetrack.  Because of its oval orbit, Pluto is sometimes closer to the sun than at other times.  At its closest point to the sun, Pluto is still billions of miles away.
Pluto is only 1,400 miles (2,300 kilometers) wide.  That’s about half the width of the United States.  Pluto is slightly smaller than the Earth’s moon.  It takes Pluto 248 years to go around the sun. One day on Pluto is about 6 ½ days on Earth.
Pluto was named by an 11-year-old girl from England.  The dwarf planet has three moons.  Its largest moon is named Charon (KER-un).  Charon is about half the size of Pluto.  Pluto’s other two moons are named Nix and Hydra.  They were discovered in 2005.  NASA’s Hubble Space Telescope took pictures of the two new moons.  Nix and Hydra are very small.  The moons are less than 100 miles (160 kilometers) wide.
Why is Pluto not called a planet anymore?
In 2003, an astronomer saw a new object beyond Pluto.  The astronomer thought he had found a new planet.  The object he saw was larger than Pluto.  He named the object Eris (EER-is).  Finding Eris caused other astronomers to talk about what makes a planet a “planet.”  There is a group of astronomers that names objects in space.  This group decided that Pluto was not really a planet because of its size and location in space.  So Pluto and objects like it are now called dwarf planets.
Pluto is also called a plutoid.  A plutoid is a dwarf planet that is farther out in space than the planet Neptune.  The three known plutoids are Pluto, Eris, and Makemake (MAH-kee-MAH-kee).  Astronomers use telescopes to discover new objects like plutoids.
Scientists are learning more about the universe and Earth’s place in it.  What they learn may cause them to think about how objects like planets are grouped.  Scientists group objects that are like each other to better understand them.  Learning more about farawary objects in the solar system is helping astronomers learn more about what it means to be a planet.
What is Pluto like?
Pluto is very, very cold.  The temperature on Pluto is 375 to 400 degrees below zero.  Pluto is so far away from Earth that scientists know very little about what it is like.  Pluto is probably covered with ice.  Pluto has about one-fifteenth the gravity of Earth.  A person who weighs 100 pounds on Earth would weigh only 7 pounds on Pluto.
Most planets orbit the sun in a near-circle.  The sun is in the center of the circle.  But Pluto does not orbit in a circle!  The orbit of Pluto is shaped like an oval. And the sun is not in the center.  Pluto’s orbit is also tilted.
How is NASA exploring Pluto today?
NASA learns about Pluto from pictures taken with telescopes.  Pictures from the Hubble Space Telescope helped scientists find the moons Nix and Hydra.  Hubble has also taken pictures of Pluto’s surface.  The pictures show dark and light areas on Pluto.  Pluto is so far away that even pictures taken by telescopes in space are a little fuzzy.
In 2006, NASA launched the first mission to Pluto.  It is called New Horizons.  New Horizons is a spacecraft that is going to the edge of the solar system.  The spacecraft is about the size of a piano.  It will take nine years to reach Pluto.  In 2015, New Horizons will arrive at Pluto.  The mission will spend more than five months studying Pluto and its moons.  New Horizons will then study other objects in the Kuiper Belt.
New Horizons has cameras that will take pictures of Pluto.  The spacecraft also has science tools to gather information about Pluto.  These pictures and information will help scientists learn more about the dwarf planet.
 Answer the following questions in your notebook using complete sentences.  Use the sentence starters that have been provided for you.
1.      How many moons does Pluto have?  What are their names?
Pluto has ____ moons.  They are ____________.
2.      What is the Kuiper Belt?
The Kuiper Belt is _______________.
3.      How is Pluto’s orbit different from other planets?
Pluto’s orbit ___________________ while the orbits of all of the other planets ___________________
4.      What is New Horizons?
New Horizons is _________________.
5.      Why is Pluto not considered an actual planet anymore?
Pluto is not considered a planet anymore because ________________.
6.      Do you think it is possible that there is, has been, or could be life on Pluto?  Why or why not?
I predict that __________________ because __________________________.
Natural and Supernatural
Natural- A natural cause must be used to explain how the naturally occurring event happens.
Categorize the following statements as natural or supernatural. 
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1. Some plants eat meat.

2. Green plants convert sunlight to energy.

3. Life comes from life and cannot come from non-life.

4. Green plants will grow towards a light source.

5.Walking under a ladder will cause bad luck.

6.With a rod, Moses parted the sea so his people could cross to 

the other side.  

7. Extraterrestrial beings have visited the Earth. 

8.Without sunlight or any light green plants will die.  

9. If you are a “Scorpio” your horoscope for today is you’ll be 

saying “I feel rich”

10.  The Bermuda triangle causes ships and planes to sink and 

disappear.
11. Walking barefoot across hot coals

12.Walking barefoot across Legos
[image: image10.png]Senses w




                       Natural                                                                                                        Unnatural

[image: image11.wmf]
Scientific Predictions AKA Hypothesis

Predictable - Accurate predictions are based on natural causes.

Write predictions for the following statements.

1. What is the effect of light on radish seed growth?
I predict that ___________ will cause _______________

because_________________________
2. What is the effect of water type of the growth a of a cactus plant?
I predict that ___________ will cause ___________

because___________________________________

3.  What is the effect of moisture on the growth of mold?
I predict that ___________ will cause _____________

because___________________________________

4.  What is the effect of calcium on the strength of bones?
I predict that ___________ will cause ______________

because___________________________________

T-Chart Testability

Testability- Controlled experiments can be designed to test the natural world.

  Create T-Charts for the following Problem Statements:

1. What is the effect of light on radish seed growth?

2. What is the effect of water type of the growth a of a cactus plant?

3.  What is the effect of moisture on the growth of mold?
4.  What is the effect of calcium on the strength of bones?
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Unit 2: Rules and Requirements of Science Note Guide 

Lesson 1: What is Science?

“Perception is not always reality”

Examples of illusions: ______________________________________________________________________________________________________________________________________________
 “What is Science?”

____________ - A way of explaining the ___________ world by asking questions and finding ___________
_________________– someone who asks ______________ and finds ______________ about the _____________ around them

2 main types of science
1.  _____________ – nonliving things

· Examples:

-

-

-

-

2. _____________– living things

· Examples:  




-




-




-




-

6_Criteria of Science   

	Characteristic
	Definition 
	Example

	___onsistent
	Experimental results and ____________ are the ___________every time. 


	

	___bservable
	The event or _________ for the event can be _________ by the human __________.
	

	___atural
	A natural cause is used to _________ how or _________ an event happens. (NOT ______________)
	

	___redictable
	Accurate _____________ and conclusions are based on ____________ ___________ and NOT on __________ information
	

	___estable
	____________ experiments can be designed to test the _________ cause of the event or ______________. 


	

	___entative
	Explanations of the cause for the event are subject to _________ as ______ evidence is ______________. 
	


Take the first letter of each characteristic: ___  ___  ___  ___  ___  ___ !

What is an example of a topic that is a Science? _______________  
                                        A non-science? _________________
Pseudoscience= ________ ______________

· A false science is a ______________ which is portrayed and ___________ as a real science by its __________ and supporters. 

· Examples: ___________, ________________, ________________
In order for an area of study to be considered science it must have

 ______ ______ characteristics of science!

-------------------------------------------------------------------------

Lesson 2: “How do scientists find answers that they do not know?”

Scientists make _________________– using 5 senses to learn about world around you
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Examples: 
He is wearing a ____________ shirt
In Class Demo: List an observation for each of your senses.

1. __________________________

2. __________________________

3. __________________________

4. __________________________

5. __________________________

_____________________– interpretation of an observation
How do scientists make good inferences?

Let’s Practice:





Tricky Tracks Activity:

Picture 1 Observations:




Inferences:

1.

2.
Picture 2 Observations:




Inferences:

1.

2.
Picture 3 Observations:




Inferences:

1.

2.

____________________________________________________________________________

Types of Observations:

2 main types:                               Qualitative                                 Quantitative

The Requirements or Criteria of Science		            CONPTT
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OBSERVATION & INFERENCE UNDERSTADING CHECK





Inference:





Observation:





Inference:





Observation:
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