BIOL1108L – Thinking Like a Scientist – Part 1


Before coming to lab, you should read through this entire handout

Written by Stephen Burnett, 2008-2009, Clayton State University, Morrow, GA.  Do not copy or use this document without permission.


Introduction

The scientific method is sometimes presented as a list of rules that must be followed exactly by all scientists.  While this idea of the scientific method as a cookbook that anyone can follow is widespread, it is incorrect, being based on an oversimplification of how this process works.  Put simply, the scientific method is a generalized set of processes that can be used to study the natural world and develop a better understanding of how things work.  Obviously, different parts of the world require different methods to study them, so the techniques to study a particular area tend to be specialized (e.g., think of the experiments you did in chemistry labs and compare them to labs in biology).  However, even with those areas of specialization, there are important areas of overlap that apply to all scientific disciplines (Figure 1).  
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Figure 1: Illustration of specialization of four representative scientific disciplines (colored ovals), along with areas of overlap (central region) where the same general scientific principles would apply.  Figure adopted from Gauch, H.G. 2002.  Scientific method in practice.  Cambridge University Press.


If you develop an understanding of those general principles, then you are able to apply them in any area of science, not just one.

The goal of this exercise is to help you in that process.  Before we can begin that process, however, it is important to understand how the human brain works, identify some of the logical errors that all people tend to make, and see how scientists try to avoid those mistakes (not that they always succeed!).

Logical Fallacies

The human brain is a remarkable organ, capable of receiving and interpreting the input from our sensory organs, but due to the large amount of input that goes into our brains, they have to take “shortcuts” to avoid being overwhelmed.  In many cases those shortcuts do not cause any harm, but they can cause us to reach inaccurate conclusions if we do not work to avoid them.  One of the benefits that the scientific method provides is that it is set up to try and avoid these errors.  But it’s beneficial to learn to identify these errors in our everyday lives as well, because the problems they can cause are not just limited to science.  We will briefly cover each of the common errors and examine how science allows us to avoid them.

Problem 1 – humans have faulty memories – the human memory is not a recording of events that we can play back with 100% accuracy.  Studies have shown that the memory of a particular event changes over time.  This means that your recollection of an event today will likely be different from your recollection of the same event 10 years from now.  

Solution – record your observations immediately and do not try to depend on your memory to go back and fill in the gaps.  This is why it is vital that you keep a good logbook with your observations and data from the experiments.  You should include notes on any interesting/strange occurrences because you will likely forget them if you wait.

Problem 2 – our perceptions are not always accurate – because our brain is bombarded with sensory input, it has to throw large amounts of that information away.  It turns out that what we throw out is partly affected by our expectations – if we have just been told that a particular drink is very bitter, we’ll pay more attention to its taste than if we weren’t told about it beforehand.  This is a problem when performing experiments, because we have developed hypotheses and this means we might expect particular results to occur, biasing our results.

Solution – develop several hypotheses (so that we aren’t attached to a particular one), use precise measureable data (so that we cannot be biased in our results) and have others replicate the experiment (other people are always happy to prove us wrong!).

Problem 3 – we don’t understand the role of probability in the world.  Probability is the area of mathematics that examines the effects of randomness on events.  When someone flips a coin five times and gets five heads in a row, we suspect that there is something wrong, but in fact five heads should come up about 3% of the time.  It’s even more of a problem when we do not know how likely an event is in the first place.  In those cases we tend to underestimate how likely the event actually is.  For example, say an event is truly a one in a million event.  In the Atlanta metropolitan area, that event could happen to five different people!  This can also be seen in problems with correlation, where two events occur together and we therefore think that one event caused the other.  For example, we hear that a particular person committed a violent crime and that he/she was a fan of violent video games.  It’s quite common for people to make the leap to blame the game for that person’s violent behavior.  However, it’s quite possible that there were other factors that caused this person to commit the crime.
Solution – science relies on statistics based on measureable values so that the actual probabilities of events can be estimated and so that we have actual numbers to compare, instead of just relying on our own intuition.  While correlation is an important idea, we need to collect sufficient data before we say that two events are truly correlated.
Problem 4 – we seek to confirm our ideas, not question them.  Once we have an idea in our head, we never seem to want to let it go (this is the explanation for many forms of prejudice), even if there is evidence that contradicts that idea.  In fact, we’ll go out of our way to find evidence that supports that idea.  This is potentially bad in social situations, but it’s really bad in science, where we have to be able to discard ideas that are not valid.

Solution – experiments should be designed to try and disprove our hypotheses.  By attacking our own ideas, we increase the chance that we will be able to find any flaws in those ideas before someone else points them out to us!

These rules are not unique to scientists, but they form the basis of the scientific method and by understanding and applying these ideas, you can improve the accuracy of your thought processes in everyday life as well!

“The” Scientific Method – Part 1
While there is no single method used by scientists, as mentioned in the Introduction, there are some core principles that are found in all of the sciences that you should try to understand.  By learning these principles, you will develop an understanding of the general process that can be applied to any specific scientific situation.  This general process involves a number of areas (which we will examine individually over the next few weeks of lab).

1. Asking questions and making predictions about a phenomenon

2. Designing tests of our predictions

3. Gathering the results from our tests

4. Interpreting those results.

In this lab we will examine how scientists develop questions about the natural world and then develop explanations that might answer those questions.  A hypothesis is a general explanation for some observation about the world.  For example, you might observe that certain types of plants grow taller when they are in acidic soil.  The hypothesis might then be that acid in the soil causes the plants to grow taller.  Note that a hypothesis is only useful if it is based on knowable, measurable quantities.  In this example, height and acidity are traits that can be measured very easily.  Hypotheses are developed in an effort to develop a better understanding of the world, but not to be proven.  A hypothesis can be supported or not by your data – scientists should never say a hypothesis has been proven by an experiment.  In fact to avoid potentially biasing the results, scientists often try to develop multiple hypotheses so that they won’t become too “attached” to a particular hypothesis.
Once you have a hypothesis, you need to go one step further and make some predictions.  These predictions would be what you would expect to occur if the hypothesis is a correct explanation for the way that the world works.  For our above example, you might predict that if you remove acid from acidic soil, then the plants will be shorter than if the acid were present.  There is something of a grey area between hypothesis and prediction – the general idea is that the hypothesis is the explanation and the prediction should be in the form of an “if…then” statement that is based on the hypothesis such as “if I remove the acid from the soil, then the plants will be shorter on average than those grown in acidic soil”.  
Assignment

Use the information in this handout to complete the hypothesis worksheet for the lab.  This assignment will be due next week in lab.

Objectives


Upon completion of this exercise, you will be able to:


Be aware of some common mistakes people make when trying to think logically, and be able to identify those mistakes in your own and others’ thinking.


Understand the application of the scientific method to solve problems


Be able to develop hypotheses to address information that you have been given.









Thinking Like a Scientist – Part 1 – Page 1

