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The Nature of Science 

• Scientia – Latin for knowledge 

• Science studies the natural world. 

• There is no single method of 

performing science 
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The Nature of Science 
• The goal of science is to investigate and 

understand nature, to explain events in 

nature, and to use those explanations to 

make useful predictions about nature… 

• Because  

• Scientists collect and organize 

information in an orderly way to find 

patterns and connections  in nature.  

• They can do this because   
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Find the pattern! 

9/25/2013 Averett 

4 



The Nature of Scientists 

• Scientists think critically 

• Critical thinking is reasonable, reflective, 

responsible, and skillful thinking that is focused on 

deciding what to believe or do.   

• A person who thinks critically can ask appropriate 

questions, gather relevant information, efficiently 

and creatively sort through this information, reason 

logically from this information, and come to reliable 

and trustworthy conclusions about the world that 

enable one to live and act successfully in it.   
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What type of question is asked in each column? 
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There are three types of questions scientists (and 
students) need to answer. 

Type 1 

Question 

Type 2 

Question 
Type 3  

Question 

Requires evidence  

and reasoning  

within a system 

Using knowledge 

Calls for  

stating a  

subjective preference 

A subjective  

opinion 

Requires evidence  

and reasoning  

within multiple  

systems 

Multiple answers 

One correct answer Personal preference 
critical  judgment with  

better and worse answers  
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Think Critically and Creatively 

• Creativity is an important component of 
successful science. 

• A creative thinker researches questions 
that others have not considered.  They 
propose new hypothesis and creativity is 
essential to the formation of useful 
experiments.   

• Researchers frequently encounter 
problems with experimental designs and 
procedures.  Successful scientists find 
creative solutions to these problems.   
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Critical Thinking Challenges 
• Challenge #1:   

• Can you place a sheet of newspaper on the ground so that you 
and another person can stand on it, but no matter how hard you 
try, you and the other person cannot touch each other?   

• Challenge #2:   
• How can you turn a cup of water over without spilling it? 

• Challenge #3:   
• How could a cup of water be emptied without touching the cup or 

the table it is on? 

• Challenge #4:   
• A ping pong ball has fallen beyond your reach down a hole in the 

ground.  The hole is 27 feet deep.  How can you retrieve it?   
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The Scientific Method 

• An organized way of using logical 

steps, critical thinking and evidence to 

answer questions, solve problems and 

explain observations 
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Scientific Method 
• There is not one standard scientific 

method, however there is a generally 
agreed upon model that describes how 
science operates.   
1. State the problem/question/observation 

2. Research the problem 

3.  Form a hypothesis 

4. Test the hypothesis (experiment) 

5. Record and analyze data 

6. State the conclusion (publish) 

7. Repeat the work to validate 
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Scientific Method:  Step 1 

• State the problem:   

• What is the problem? 

• Scientific question that can be answered by 

experimentation.   

• Should be stated in very clear, precise terms. 

• Should not be too broad.   

• This is typically stated in a question format 

• EXAMPLE:  Will taking one aspirin per day for 60 

days decrease blood pressure in females ages 12-14?  
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Scientific Method:  Step 2 

• Research the problem: 
• The researcher will typically gather information 

on the problem.  They may read accounts and 
journals on the subject, or be involved in 
communications with other scientists 

• Scientists build on the work of previous researchers.     
The first step is to do a literature review to find out what 
previous research has already been done in the field.   

• EXAMPLE:  Some people relate stories to doctors that 
they feel relief from high blood pressure after taking one 
aspirin per day.  The idea is not scientific if it is untested 
or if one person reports this (called anecdotal evidence).   
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Scientific Method:  Step 3 

• Form a hypothesis, or probable 
solution, to your problem:   

• Hypothesis - an testable explanation about how a 
change in the independent variable will affect the 
dependent variable stated in a way that is testable.   

• An explanation of a cause and effect relationship 

• Ideally this should be written in an if-then 
format. 

• EXAMPLE:  If a female aged 12-14 takes one aspirin 
per day for 60 days, then her blood pressure will 
decrease.   
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Step 3 Continued 

• A statement is testable if evidence can be 

collected that does/does not support it.  

• Must be falsifiable  

• A hypothesis cannot be proven true beyond all 

doubt because new data may be introduced.   

• It is impossible to test all given conditions, and 

someone with more knowledge, sometime in the 

future, may find a condition under which the 

hypothesis does not hold true.   
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Step 3 Continued 

• In science we cannot prove anything but we 
can usually determine differences.   

• Since we are often looking for differences 
between things, we create null hypothesis and 
alternative hypothesis.   

• H0 :  Null hypothesis:   

• There is no difference between _____ and _____. 

• Ha :  Alternative hypothesis 

• There is a difference between _____ and _____.   

• The goal is to reject or accept the null 
hypothesis 95% of the time.   
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Scientific Method:  Step 4 
• Test your hypothesis:   

• Perform a controlled experiment 

• An organized series of steps used to test a hypothesis by 

comparing a control group to the experimental group.   

• All variables are controlled (kept constant) except the one factor 

(the independent variable) that is being changed.   

• Should be detailed, clear and planned step by step so the 

experiment can be replicated by other scientists in the future 

• Investigation of a cause and effect relationship between 

the independent variable and the dependent variable.    

• EXAMPLE:  Test 100 females, ages 12-14, to see if taking one 

aspirin a day for 60 days lowers blood pressure in those females.     
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STEP 4 Continued 
• Variable:  Any factor in an experiment that 

changes or could be changed.   
• Only one variable is isolated and tested while all other 

variables are held constant.   

• Independent Variable (I.V.):  The variable 
changed, on purpose, in the experiment by the 
researcher.   
• EXAMPLE:  Taking an aspirin or not.  This is what the 

experimenter changes between this groups in the experiment.   

• Dependent Variable (D.V.):  The variable that 
may respond to the I.V. and is being measured in 
the experiment.   
• EXAMPLE:  The blood pressure of the individuals in the 

experiment, which may change from the administration of 
aspirin.   
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STEP 4 Continued 

• Constants (controlled variables):  

conditions that remain the same in the 

experiment 

• A factor in an experiment that is kept the same in 

all trials   

• EXAMPLE:  Some probable constants would include:  only 

females were used, only females between ages 12-14, the 

same dosage of aspirin was given to all the individuals in the 

experimental group for the same defined time interval –60 

days, the same brand of aspirin was given, the same type of 

diet was ideally given to the members of both groups as well 

as the same activity level prescribed.   
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Step 4 Continued 
• Control or Control Group:  The group, or 

experimental subject, which does not receive 
the Independent Variable or a change in the 
Independent Variable 

• The standard for comparison in an experiment; the 
independent variable is not applied to the control 
group, or is not changed in the control group.   
• EXAMPLE:  the group of females that does not get the dose of 

aspirin. 

• Experimental Group:  The group, or experimental 
subject, which does receive the Independent 
Variable, or a change in the Independent Variable.   

• The test group 
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Step 4 Continued 
• Put it all together… 
• All the groups in an experiment are treated exactly the 

same except for the manipulated (independent) 
variable.  In the experimental group, the manipulated 
variable is being added or changed.  The control group 
is used as a standard of comparison.  It may consist of 
objects that are not changed in any way (not getting 
the independent variable) or objects that are being 
treated in the “usual” way (no change in the 
independent variable)  

• If the _______________    _________________,  

 

    then the ________________ will _____________. 
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Step 4 Continued 
• By controlling the variables and only 

changing one at a time (I.V.) researchers are 
able to conclude that the changes in the 
dependent variable are due exclusively to 
changes in the independent variable.   

• If the expected results are obtained, then the 
hypothesis is supported (not proven).   

• If the expected results are not obtained, then the 
hypothesis is rejected or refuted 

• No matter the outcome, a tested hypothesis has 
value in science because it helps researchers 
advance scientific knowledge.   
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Scientific Method:  Step 5 

• Recording and analyzing the data:   
• What sort of results did you get?  

• Data are recordings of information observed.   

• Data can be qualitative or quantitative  

• Data is typically organized into data tables.   

• The data is then graphed for ease of 
understanding and visual appeal. 

• EXAMPLE:  Out of 100 females, ages 12-14 yrs., 76 
had lower blood pressure readings after taking one 
aspirin per day for 60 days.   
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Step 5 Continued 

• Data is collected by making 
observations 

• The act or power of noticing; the noting or recording 
of a fact or occurrence for some scientific or 
research purpose 

• Information perceived through one or more of the five senses 

• Scientists often use tools and technology that 
increase the power of the senses and make 
observations more precise.   

• Hand lenses, microscopes, rulers, balances, 
thermometers, etc. 
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Step 5 Continued 

• It is important to keep detailed records 

of observations.   

• Scientists record observations at the time they 

are made, usually by writing or drawing in a 

notebook 

• This avoids confusion later, allows scientists to back 

up findings and helps eliminate bias.   

• Computers, cameras, videotapes and other electronic 

tools are also used to help eliminate bias.   
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Step 5 Continued 

• Observations are followed by inferences. 

• Explanations based on observations, prior 

knowledge and experience. 

• Uses information previously known from past experience 

• Uses new information directly perceived through our 

senses.   

• An inference is an act of reasoning, not a fact. 

• Inferences are often made using inductive 

or deductive reasoning.  
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Step 5 Continued 

• Inductive reasoning 

• Reasoning using a set of specific observations 

to form a general conclusions 

• Applies something know about a member of 

group to the whole group  

• Small       big 

• Example:  I observed cells in x, y, and z 

organisms, therefore all animals have cells.   

9/25/2013 Averett 

31 



Step 5 Continued 

• Deductive reasoning 
• Reasoning applying a generalization to a 

specific situation 

• Applies something known about the whole 
group to a member of the group 

• Big       small  

• Example:  if all organisms have cells and 
humans are organisms, then  humans should 
have cells.   
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Step 5 Continued 

• Quantitative data 

• Description in numbers 

• Can be measured or counted 

• Include dimensions, quantities, duration, etc.  

• Examples include:  temperature, length, time, 

amount, etc.  
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Step 5 Continued 

• Qualitative data 

• Description in words 

• Not measurable 

• Subjective 

• Examples include:  smells, colors, textures, etc.  

• Qualitative data are useful but they cannot be 

statistically analyzed.  Therefore, no 

experiment should be based on qualitative data 

alone.  It is always better to include 

quantitative data.   
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Step 5 Continued 

• Data tables, charts and graphs provide a 

summary of the information recorded and 

provide a comprehensive and efficient 

way to organize the information 

• Look for patterns and trends in the data 

• Data should be displayed accurately and 

effectively 

• Many different types of charts and graphs can be 

used 
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Step 5 Continued 

• It is not enough to just state or chart the data.  

• Data must be analyzed for reliability and 

compared statistically to determine whether 

it does or does not support the hypothesis 

• Scientists use statistics and mathematics to determine 

if a hypothesis is supported. 

• Statistics - the science that deals with the collection, 

classification, analysis, and interpretation of numerical facts or 

data  

• Statistics can include mean, median and mode 
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Step 5 Continued 
• Statistical analysis must be performed to 

document that any difference is statistically 
significant. 
• 2 possible outcomes of statistical analysis 

• Non-significant 
• The data show no cause and effect relationship between the 

independent variable and the dependent variable, or an effect is so 
small that the result could have happened by chance.   

• Statistically significant 
• The data show that there is 95% or greater chance that there is a 

cause and effect relationship between the independent variable 
and the dependent variable.   

• 95% sure that the change in the dependent variable is due to 
manipulation of the independent variable and not likely due to 

chance.     
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Step 5 Continued 
• When data does not support a hypothesis 

it is rejected 

• Data is still useful because provides 
information and may lead to a new hypothesis 

• When data does support a hypothesis we 
say it “supports the hypothesis” or 
provides evidence in favor of the 
hypothesis but we do not say that it 
proves the hypothesis 

• A hypothesis is never proven beyond all doubt 
because new data may be introduced 
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Scientific Method:  Step 6 
• Stating the conclusion:   
• What does all the data mean? 

• Based on whether the results support or refute the 
hypothesis, researchers review the relationships among 
the data and make a final statement summing up the 
results of the experiment.   

• Does the data support your hypothesis? 
• EXAMPLE:  The data shows that taking one aspirin 

per day for 60 days decreases blood pressure in 76% 
of the tested females ages 12-14 compared to a 
decrease in blood pressure in 11% of the control 
group.  Therefore, the original hypothesis has been 
supported, that taking one aspirin per day can 
decrease blood pressure.   
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Step 6 Continued 

• After many related hypothesis have 
been tested and supported with 
experimental evidence, a theory may 
be formed 
• A well tested explanation that unifies a broad 

range of observations and is accepted as true 
by the scientific community.   
• Based on evidence from many different areas of 

science 
• Includes an explanation 
• Supported by the scientific community 
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Step 6 Continued 

• For a theory to be accepted in science, 

it must meet a threefold test:   

• 1.  can explain what has already been observed 

• 2.  can predict what has not yet been observed 

• 3.  can be tested by further observation and 

modified as required by the new data.   

• Remember, hypotheses are never proven, 

therefore when a hypothesis is accepted 

by scientists it is called a theory 
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Step 6 Continued 

• Scientists are always analyzing and 

critiquing the strengths and weaknesses of 

theories 

• As new evidence is uncovered a theory may 

be revised or replaced (remember our blue squares…) 

• EXAMPLES:   

• Germ theory 

• Cell theory 

• Biogenesis theory 

• Plate tectonics theory 

• Endosymbiosis theory 
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Step 6 Continued 
• Scientific laws describe what nature does under 

certain conditions, and will predict what will happen 
as long as those conditions are met 
• Often mathematically defined 

• Scientific theories explain how nature works 
• Are generally non-mathematical 

• Commonalities between a scientific law and theory: 
• Both are based on tested hypotheses 

• Both are supported by a large body of empirical data 

• Both help unify a particular field 

• Both are widely accepted by the vast majority of scientists 
within a discipline 

• Both could be shown wrong at some time if there are data to 
suggest so   

9/25/2013 Averett 44 



Scientific Method:  Step 7 

• Repeating the work:   
• This is the most important part of scientific 

research! 

• When an experiment can be repeated and the 
same results obtained by different 
experimenters, that experiment is validated.  

• Repeated trials:  The number of times an 
experiment is repeated.   

• Sample size:   Using a large, random sample to 
represent a population increases validity.   
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Criteria to be met for the 

results to be valid!!! 

1. Falsifiable 

2. Replicable 

3. Unbiased 

4. Precise 
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1.  Falsifiable 
• A hypothesis must be falsifiable! 

• Hypothesis B:  "There are other inhabited planets in the 

universe." 

• This hypothesis is testable, but it is not a scientific hypothesis. Here's 

why. Hypothesis B may be either correct or wrong. If it is correct, there 

are several ways that its correctness can be proven, including: 

• A space probe sent from earth to explore the universe sends back the news 

that it has discovered an inhabited planet. (This news is later confirmed by 

other space probes.)  

• So, if Hypothesis B is true, there are observations that scientists could 

make that would prove its correctness. But, the hypothesis may be 

wrong. (Most hypotheses are...)  

• If Hypothesis B is wrong, there is no test that will prove it. If one of 

our space probes never finds an inhabited planet, it doesn't mean that 

one doesn't exist. Hypothesis B is not falsifiable. 
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1. Falsifiable 

• Hypothesis C: "Any two objects dropped from the same 

height above the surface of the earth will hit the ground at 

the same time, as long as air resistance is not a factor." 

• Hypothesis C is a scientific hypothesis because: 

• It is testable - pick 2 objects, and drop them. Of course, you may 

have to provide a vacuum for them to fall in, in order to remove air 

resistance from consideration.  

• It is falsifiable - If anyone finds 2 objects that don't hit the ground 

at the same time and can show that it is not due to air resistance, 

then she has proven the hypothesis wrong. This hypothesis "sticks 

its neck out" for every test. In theory and in practice, if Hypothesis 

C were wrong, it would be very easy and straightforward to show 

it.  
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1.  Falsifiable 

• Most Scientific Hypotheses Can’t Be Proven Correct!  

• Note that it is very easy to prove Hypothesis C wrong (if it 
were), but it is impossible to prove it correct!  

• Since Hypothesis C states that any pair of objects behaves in 
a certain way, in order to prove it correct, all possible 
combinations of objects that exist (or have ever, or will ever 
exist) must be tested. This is clearly not possible.  

• As we test Hypothesis C more and more, we can get more 
and more confident in its truth, but we can never be 
absolutely sure. Someone could always come up with 2 
objects tomorrow which don't behave exactly as Hypothesis 
C says they should, and this would make Hypothesis C 
incorrect. 
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2.  Replicable 

• When doing an experiment, replication is 
important. 
• Without replication it is impossible to have a 

high amount of confidence in the effects of the 
treatment.   

• Everything should be tried several times on 
several subjects.   

• Data should be obtained from more than 
one experimental subject 
• Multiple trials should be performed, this means 

you need a large sample size 
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3. Unbiased 

• Scientists should avoid bias 

• Bias – to influence in a particular, typically 

unfair direction; prejudice 

• To be partial for or against something 

• Scientists use different techniques to avoid or 

reduce bias 

• Large sample size 

• Random samples 

• Placebo controlled 

• Double blind studies 
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3. Unbiased - Large Sample Size 
• The ultimate purpose of most studies is to use a 

sample (a subgroup) to make inferences about a 
population (the larger group of interest).   
• Sample size should be large enough to make sure entire 

population is sampled and that statistically significant results 
can be detected. 

• Studies with insufficient subjects yield statistically inconclusive results 
and make it difficult to determine whether a particular treatment was 
effective.  

• Using too many subjects wastes time, money, effort and often animal 
lives.   

• Using the appropriate number of subjects optimizes the probability that a 
study will yield interpretable results and minimizes research waste.    

• There are many advanced ways of deciding how large a sample 
should be to provide statistically significant results 
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• Random sample 

• A sample that is created randomly 

eliminates bias by randomly assigning  

• who/what receives treatment  

• who/what receives the placebo treatment.   

• This avoids future questions about how 

the scientist chose his/her subjects. 

• It eliminates choice that may be biased. 

3. Unbiased - Random Sampling 
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3. Unbiased – Use of a Placebo 

• Placebo 

• A substance that has no treatment value but 

outwardly appears identical to the effective 

treatment 

• Eliminates the psychological factor of mind 

over matter influence often associated with 

human subjects.   

• Example:  sugar pill 
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3. Unbiased - Double Blind Study 

• Double blind study 

• Type of procedure where neither the scientist 

nor the test subjects know if they are receiving 

the effective treatment or the placebo treatment.   

• Eliminates scientist or subjects expectations from 

influencing the results.   
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3. More ways to avoid bias… 

• More ways to avoid bias: 

• Scientists must make every effort to be open 

minded and constantly consider new evidence 

• Scientists peer review each others work 

• This means keeping accurate and precise notes and 

data.   
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4.  Precise and Accurate 

• Precision 

• The ability of a measurement to be consistently 

reproduced. 

• Accuracy 

• The ability of a measurement to match the 

actual value of the quantity being measured.  

• A description of how close a measurement is to the 

true value of the quantity measured 
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• Scientists Publish Results  
• Scientists share their finding with each other by 

publishing a report of their work in a scientific 
journal 

• Nature 

• Science 

• New England Journal of Medicine 

• Open and honest exchange of data is extremely 
important in science 

• Allows others to examine and verify results 

• Allows others to expand upon the work already 
accomplished 
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• Types of publications 

• Primary sources 
• A peer reviewed journal, autobiographies, scientists actual 

notes, interviews 

• Secondary sources 
• Textbooks, reference books, articles discussing primary 

information 

• Tertiary sources 
• Articles about articles discussing primary information, 

rumors, gossip 

• AVOID TERTIARY INFORMATION – UNRELIABLE.   
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• Web Pages 

• Can be primary, secondary or tertiary  

• World Wide Web contains both high quality and 

poor quality information 

• Must evaluate carefully! 

• .com means commercial 

• .gov, .mil, or .us means government 

• .net, or .org means non-profit organization 

• .edu means educational organization 

• ~, %, often means individual 
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Scientific Method in the Real World 

• Keep in mind that science is performed by humans, with the 
same foibles as other people.  Scientists sometimes make 
mistakes; it’s easy to fool yourself into believing something 
which is untrue, and certainly just plain mistakes are as much a 
part of science as anything else.   

• Scientists also sometimes lie, just like other folks.  Scientific 
fraud is relatively rare, though, because if you are found to have 
committed fraud as a scientist, your career is really weakened, if 
not completely toast.  Sooner or later, someone somewhere 
might try to repeat your work and find out they can’t:  such 
cross-checking is a great deterrent.   

• These are some of the reasons for all the checking and 
rechecking which goes on in science, and why the scientific 
method is so powerful.  It is built to handle error and deceit and 
to be self-correcting.  Because of this, the scientific method is 
the beset way we know of to get near the truth about the world 
around us.   
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Distinguishing among Observation, 

Inference, Prediction, and Hypothesis 

• Observation – information gained through 
the senses and recorded 

• Inference – why it happened based on 
prior knowledge and experience 

• Hypothesis – testable explanation of what 
was observed 

• Prediction – what is expected to be 
observed in the future 
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Are you a critical thinker? 
• Students abilities include: 

• To recognize problems 

• To find workable means for meeting those problems 

• To gather and organize important information 

• To recognize unstated assumptions and values 

• To comprehend and use language with accuracy, clarity and 
discrimination 

• To interpret data 

• To appraise evidence and evaluate statements 

• To recognize the existence of logical relationships between 
propositions 

• To draw warranted conclusion and generalizations 

• To put to test the generalizations and conclusion at which one arrives 

• To reconstruct one's patterns of beliefs on the basis of wider experience 

• To render accurate judgments about specific things and qualities in 
everyday life.   
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