
Lecture on Science 

I. Introduction 

• What is Science? 

i. A process by which we determine what is true 

and what isn’t.  

ii. Based on factual evidence to support a claim. 

iii. Importance of following a particular process. 

iv. The process and the conclusions should be 

repeatable by anyone anywhere.  

• Science: any attempt to acquire knowledge or 

understanding by recognizing and correcting for 

various sorts of human biases and cognitive errors.  

II. The Basic Assumptions of Science 

• Science rests on three major assumptions or axioms 

which are reasonable, but which can’t be proven or 

demonstrated.  

• Methodological Naturalism: the scientific 

methodology that proceeds as if the universe follows 

natural laws in which all effects have a natural cause.  

• Materialism: the metaphysical view that only physical 

matter exists (no souls, or spirits) and that all physical 

effects have physical causes.  

• Empiricism: the epistemological view that all 

knowledge is derived from experience through our 

senses.  

III. Methods of Scientific Research 



• All scientific research begins with wonder. That is, the 

confrontation with some phenomenon that a scientist 

wants to explain or understand.  

• The next step is to formulate a hypothesis: a 

tentative explanation of the phenomenon in 

question.  

• Having formulated a hypothesis, we then ask what 

evidence or observations would be consistent with 

that hypothesis being true, and what evidence would 

show that hypothesis to be false. 

• We then try and formulate an experiment to collect 

that evidence.  

• Now we will look at three different methods for 

conducting a scientific experiment.   

• Let’s start with the pseudoscience of dowsing: a 

method of divination used to uncover hidden things 

using supernatural means. A very common form of 

dowsing is searching for underground water.  

• Let’s imagine that someone wants to dig a well. They 

hire a dowser. The dowser comes out, does their 

thing, and identifies a spot to dig the well. A well is 

dug, and water is found. What could possibly explain 

the dowser’s success in this scenario? 

i. Dowsing works 

ii. The dowser got lucky 

iii. There is water anywhere you dig 



iv. The dowser knows in advance where water can 

be found (geologic survey maps or something) 

v. The dowser is reading surface signs (geologic 

formations, vegetation) that indicate water 

• Experimentation with Controlled Variables: a test in 

which one eliminates, as much as possible, other 

possible explanations of the phenomenon in order to 

determine if the hypothesis is true.  

• In the 1970’s there was a fascination with pyramids as 

objects with special mystic or cosmic powers.  

• In this context a company released a pyramid shaped 

box for storing razor blades. They claimed that the 

pyramid shape would channel cosmic energy onto the 

razor blades keeping them sharper for longer. 

• Experimentation with a Control Group: you form two 

(or more) groups that are identical in all respects 

except one group (the experimental group) gets the 

intervention you are studying, and the other group 

(the control group) get nothing or a placebo. You then 

compare the results from the two groups to see if the 

experimental group does statistically better.  

• Double-Blind Experimentation: one ensures that 

neither the researcher nor the research subjects 

know who is in the experimental group and who is in 

the control group. This helps avoid a variety of biases 

that arise from subjects and researchers.  



• The best research combines all three of these 

methods, but sometimes that isn’t possible, so one 

uses as many of the methods as possible. 

• The gold standard is the double-blind, placebo 

controlled studies for pharmaceutical research.  

IV.  Science vs. Pseudoscience 

• Demarcation Problem: how to draw the line between 

science and pseudoscience.  

• There isn’t a sharp boundary between the two, but 

there are several generally recognized criteria that we 

can use to distinguish the two.  

• These five Criteria of Adequacy can help us 

distinguish between competing hypotheses or 

explanations: 

i. Testability: a good hypothesis or explanation 

should, in principle, be testable. There should be 

a way to collect evidence to determine whether 

it is true or false.  

ii. Fruitfulness: a good hypothesis or explanation 

should allow us to do things we couldn’t do 

without it, such as make predictions or build new 

technologies.  

iii. Scope: the more phenomena a hypothesis can 

explain the better.  

iv. Parsimony: we prefer explanations with fewer 

controversial assumptions.  



v. Conservatism: we prefer explanations that fit 

with what we already know or has already been 

established.  

V. Problems with Science 

• The biggest problem with science is that it is done by 

human beings, and is thus subject to all the biases, 

prejudices, and errors that human beings make on a 

regular basis.  

• One of the great advantages of science, despite these 

problems, is that it has built-in, self-correction 

structures.  

• In watching the video think about the following 

questions: 

• What is p-Hacking? It is coming through large 

amounts of data to find stuff that is publishable.  

• p-Value: a statistical calculation of how likely the 

evidence collected in a study is the result of random 

chance.  

• Typically, scientific journals set a threshold for 

publication where the p-Value of a study needs to be 

< 0.05. This means that there is a 5% chance that the 

results were due to random chance.  

• As a result, in order to get published, scientists will 

consciously or unconsciously manipulate their 

research to produce the needed p-Value so they can 

get published.  



• What are some of the main problems or issues that 

result in bad science? These are problems inherent to 

science or the incentive method scientists operate 

under.  

i. Companies sponsor research and generally that 

research produces results favorable to the 

sponsors.  

ii. Government funding for research has shrunk 

considerable over the years meaning that more 

and more research is funded by private 

companies.  

iii. There is pressure to be the first to publish, 

leading to researchers cutting corners to be the 

first one out there.  

iv. There is not really an incentive to do replication 

studies.  

v. The publish or perish mindset of universities.  

• What are some of the problems with the way science 

is presented or reported to the public? 

i. Focus on sensationalism. Media doesn’t 

necessarily report science that is important, but 

instead report science that brings in viewers.  

ii. Media tends to report on press releases, rather 

than actual studies. The press release often 

sensationalizes or misrepresents the research, 

and this is then amplified by the media. 



iii. Correlational studies are often reported on as if 

the are causal (Post hoc) 

iv. Studies are reported on in isolation from the 

larger context or trajectory of the scientific 

literature.  

v. Preliminary studies are often reported as 

definitive.  

vi. Media often doesn’t check sources or verify 

information.  

vii. When reporting science, the media often fails to 

explain how the research was conducted.  

viii. No reporting on biases of researchers or if the 

research was funded by a large corporation.  

ix. Often the reporting is “A new study says…” with 

no mention of who conducted the study.   


