
Lecture on Science 

I. What is Science? 

• What do you think science is? 

i. Extensive research or study into a particular 

topic. 

ii. Claims backed up with physical evidence; 

involves things you can see or record.  

iii. Method based approach for problem solving. 

Involves a standardized set of procedures for 

approaching problems.  

iv. A way of acquiring knowledge based on 

experiments and observations that acquire 

evidence.  

• 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 several assumptions that are 

reasonable, but which can’t be proven or 

demonstrated. In effect we can call these the Axioms 

of Science.  

i. Methodological Naturalism: the scientific 

methodology that proceeds as if the universe 

follows natural laws in which all effects have a 

natural cause.  



ii. Materialism: the metaphysical position that only 

physical matter exists and that all physical 

effects have physical causes.  

iii. Empiricism: the epistemological position that all 

knowledge is acquired by experience through 

our physical senses.  

III. Methods of Scientific Research 

• All scientific research begins with wonder and the 

identification of some problem. That is, the scientist 

confronts some phenomenon that they wish 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 would be consistent with this hypothesis 

being true, and what evidence would show this 

hypothesis to be false?” 

• Then, we try and formulate an experiment that can 

collect this evidence.  

• Now we will turn to three methods for conducting 

scientific research. For each I will discuss a 

pseudoscience and look at how each of these 

methods can show that pseudoscience to be false.  

• Our first pseudoscience will be Dowsing: a method of 

divination for uncovering hidden objects and things 



using supernatural means. One of the most common 

is dowsing for underground water.  

• Imagine that someone is looking to dig a well on their 

property. They hire a dowser. The dowser comes out, 

does their thing. Identifies a place to dig a well. A well 

is dug, and they find water.  

• What could potentially explain the success of the 

dowser described above? 

i. Dowsing works. 

ii. There could be water anywhere you dig.  

iii. They could be reading surface signs that indicate 

the presence of underground water.  

iv. The dowser got lucky. 

v. The dowser consulted existing geologic surveys 

that showed where there is underground water.  

• To determine whether dowsing actually works, we 

can use a research method known as 

Experimentation with Controlled Variables: a test in 

which one eliminates, as much as possible, other 

potential explanations for the phenomenon in 

question. We try and control the experimental 

situation to eliminate other possible explanations to 

confirm the hypothesis.  

• In the 1970’s there was a fascination with the special 

powers of pyramids. People thought that they had 

some special ability to collect or transmit cosmic 

energy.  



• In this context a company released a pyramid shaped 

box for storing razor blades. They claimed that the 

pyramid shape of the box would focus cosmic energy 

onto the razor blades and keep them sharper for 

longer.   

• The method described is Experimentation with a 

Control Group: you form two groups, identical in all 

respects, an experimental group and a control group. 

The experimental group would get the intervention 

and the control group would get nothing or maybe a 

placebo. You then compare the results between the 

two groups to see if the experimental group does 

statistically better than the control group. If it does, 

this suggests the intervention works; if it doesn’t, 

then the intervention doesn’t work.  

• Our last method is Double-Blind Experimentation: 

one ensures that neither the researcher nor the 

subject knows whether they are in the experimental 

or the control group. This is important because it 

helps control for a variety of biases both on the part 

of the researcher and the research subject.  

• The very best scientific research combines all three 

methodologies, but this isn’t always possible.  

• The gold standard is the placebo-controlled, double-

blind experiment which we often see used in 

pharmaceutical research.  

IV. Science vs. Pseudoscience 



• Pseudoscience: claims or procedures that 

superficially resemble science but lack the true 

essence of the scientific method.  

• Demarcation Problem: the problem of how to draw a 

line between science and pseudoscience.  

• While it is difficult to draw a clear boundary, in 

practice there are several generally recognized 

criteria that can help us distinguish the two. 

• These five Criteria of Adequacy will help us decide 

between competing explanations or hypotheses: 

i.  Testability: a good hypothesis or explanation 

should, at least in principle, be testable. If it isn’t 

testable, then it isn’t a very good explanation.  

ii. Fruitfulness: a good hypothesis or explanation 

should allow us to do things we couldn’t do 

without it. Things like make predictions or design 

new technologies.  

iii. Scope: the more phenomena a hypothesis 

explains the better it is.  

iv. Parsimony: all things being equal, we prefer the 

hypothesis with fewer controversial 

assumptions.  

v. Conservatism: we prefer hypotheses or 

explanations that are consistent with what has 

already been established or proven.  

• The more of these criteria that an explanation 

satisfies, the more scientific it is.  



V. The Problems with Science 

• Science is done by human beings, so it is subject to all 

the problems and biases and prejudices of human 

beings.  

• One of the big benefits of science is that it does have 

mechanisms for self-correction built into itself.  

• As we watch the video, think about the following 

question: What are some of the major factors that 

lead to bad or flawed science? 

i. Small, preliminary animal studies are reported as 

if they are clearly applicable to humans.  

ii. Early, preliminary studies tend to be all over the 

place and are heavily reported in the media.  

iii. People then pick and choose which study to 

believe based on their existing biases and 

desires.  

iv. Pressure to publish (because a scientist’s career 

is based on how much stuff they publish). 

Publish or perish.  

1. One is more likely to be published if one 

reports a novel or good result.  

2. There is no reward for fact checking or 

replication studies. As a result, many of 

these preliminary studies don’t really have 

any follow up.  

3. This leads to lost of studies with small 

sample sizes and short time periods 



because they are easier to run and you can 

do a bunch of them and publish a bunch of 

papers as a result.  

v. The funding source for research exerts a 

significant impact in the results of that research. 

E.g. The European Hydration Institute is funded 

by Coca-Cola and produces results that are 

favorable to Coke.  

1. As government support for scientific 

research shrinks, private companies fund 

more and more research which leads to 

biased results.  

vi. Bullshit science and science reporting leads to a 

broader distrust of science and an inability to 

know whom to believe leading to people 

distrusting everyone.  

vii. On the flip side, increased tribalism/political 

polarization leads people to unquestioningly 

follow certain authorities and completely ignore 

other authorities based purely on ideology.  

viii. When scientific studies are reported in the 

media, they often ignore many of the specifics 

details and fail to properly contextualize the 

research.  

1. A great deal of science reporting is done 

based off press releases rather than 



reporting on scientific papers. E.g. the 

hydroxychloroquine study re. COVID-19.  

• The problem of p-Hacking.  

• The p-Value is a statistical calculation of how likely 

the evidence collected in a study is a result of random 

chance.  

• For many scientific journals they will only publish a 

paper if the p-Value of the paper is <0.05%. This 

means that there is a less than 5% chance that the 

results of the paper are due to random chance.  

• As a result, scientists will consciously and 

unconsciously manipulate their data to get the p-

Value below .05, resulting in a lot of bad science 

getting published.  


