Scientific method 


Objectives
	1.1 The Scientific Method


	Objectives

At the end of this sub section students should be able to:

	1.1.2 Scientific Method


	1. State the process of the Scientific Method Including Observation, Hypothesis, Design experiment, Collect & Interpret Data, Conclusions,

2. Compare to Existing Knowledge Reporting, Developing Theory & Principle

3. State the limitations of value of the Scientific Method including extent of basic knowledge, basis of investigation, application to the natural world in a state of change, accidental discovery.

4. State some possible sources of errors


	1.1.3 Experimentation
	5. State the principles of experimentation – which include:

Planning & Design, Safety Procedures and Experimental Control, 

6. And explain why:

Sample Size, Random Selection, Replicates and Double-Blind Testing are important


Scientific method is the way to solve a problem.
The scientific method involves:
Observation – an unbiased, accurate report of an event.  



  Observations may be made directly using our senses (seeing, hearing etc), or indirectly using equipment e.g. microscopes or thermometers.

Hypothesis – an ‘educated guess’ based on observations.
Prediction – based on the hypothesis.  If the guess is the correct one, then you can 
forecast what should happen when you take some action.

Experiment –an expt is designed to test a prediction. 
Data – results (measurements, observations or information gathered during an experiment. Graphs, tables and statistical analysis are used to present the data in the most logical manner possible.
Conclusions – data is interpreted to show if hypothesis is true or false. You accept, reject or change the hypothesis. If hypothesis confirmed – test further with new experiments or observations (need consistent and accurate results). If hypothesis unconfirmed change hypothesis and test.

Publish – write a report so that expts. can be repeated. Can be published in journals, magazines, newspapers, www and tv.
Theory – a hypothesis that has been supported by many different experiments.
Principle or Law: a theory that is successful against long-term testing.

Experiments are based on:
1. Careful planning and design

Example:

Observation – seedlings bend as they grow.

Hypothesis – seedling are growing towards light coming from one side.

Design – shoebox with interior compartments – one with a hole on top and the other with a hole to the side.

One variable here – light. A variable (difference) is a factor that may change in an experiment. Others variables may be wind (draught) or temp – but these are kept constant here e.g. draught –free room and constant temp.

2.  Safe procedures
Wear lab coat and safety glasses.

Check safety info for chemicals.

Tie long hair back.

Never place fingers in eyes/mouth.

Report all accidents to teacher etc.
3. Control experiment – a comparison

– used to provide a standard against which the actual expt can be judged. The control or copy expt differs in one variable from the real expt. In seedlings expt have a third compartment with no hole.

4. Fair procedures

(a) Sample size – large. Use a large number of seedlings. Reduces risk that results are individual differences. Example – testing the effect of an arthritic drug – if one person treated and recovered it may have been due to person recovering of her own accord whereas hundreds of people treated and improve then the result is more likely to be due to the drug given.
(b) Random selection – it would not be fair to test seeds of one type in above expt. Want to prove that results apply to all seeds. In arthritic drug test it would not be fair to test only females above 50 years of age.

(c) Others must be able to replicate expt.  Reporting expts publicly so that they can be replicated/repeated.

(d) Double – blind testing. Neither the person being tested or the tester should know who is receiving the real treatment or who is receiving the placebo.
Limitations of the scientific method
· Insufficient knowledge – Forming an hypothesis and designing an expt is based on what we know. Until viruses were discovered many diseases e.g. smallpox could not be explained.
· Method of investigation – the observation method or instrument is inadequate e.g. discovery of viruses depended on the discovery of the electron microscope.

· If a control cannot be set up then factors apart from those proposed could be causing the changes e.g. if the human activity of burning fossil fuel and deforestation are causing global warming then a control of Earth with no humans should be set up! 
· Inability to interpret results – Wrong interpretations can lead to wrong conclusions e.g. thalidomide was used to treat morning sickness in human pregnancy in 1950s. It was safely tested on many animals and then wrongly interpreted as safe for humans. Problem was that the drug was not tested on embryo in womb – caused limb deformities in babies
· Our changing natural world – ‘what is true now may not have been true in the past or in the future e.g. penicillin used to be effective against many bacteria but now strains have evolved that are resistant to penecillin.  As changes occur, scientific theories may need to be updated or revised.
· Accidental discoveries e.g. the discovery of antibiotic penicillin by Alexander Fleming in 1928. Fleming carelessly left a dish of bacteria uncovered and it became contaminated by a fungus. He noticed that the bacteria were killed in areas around the fungus. The fungus produced penicillin which killed the bacteria.
Human error 

Inaccurate use of measuring instruments

Observation error

Mistakes in recording the observations

Deliberate falsifications of results i.e. scientific fraud

Bias – confidence in the hypothesis can affect accuracy of observation and interpretation of results
Ethics refers to whether issues are right or wrong e.g. use of captive animals in expts, origin of life, evolution?, contraception, abortion, assisted fertilisation, gmos, cloning animals, freezing human sperm and embryos, the use of stem cells from embryos to from new tissues/organs, organ transplants e.g. from animals to humans.
Steps in scientific method

	Observation
	Edward Jenner heard that if milkmaids got cowpox they never got smallpox.
	Mouthwash kills bacteria

	Hypothesis


	
	

	Prediction


	
	

	Experiment


	
	

	Result


	
	

	Conclusion


	
	


Mandatory expts – choose one you have done
Aim – what are you trying to find out
Plan and design – how are you going to do expt

Variables – independent variable (manipulated variable), dependent variable– (responding variable)
Controlled variables =
Safety procedures
Method
Control expt = one factor different to actual expt.
Replicated

Results – table/graph (IV on x axis, DV on y axis)
Conclusion – how? Why?
Evaluation.Analysis – Accuracy of results? Reliability of results? Unusual results & why obtained? Improvements? 
Application of results?
1.1.2 The Scientific Method 

Higher Level Past Paper Questions

S.E.C. Sample Paper HL

4.
Answer the following in relation to the scientific method.

What is an hypothesis? 

What might an hypothesis develop into? 

Why is a control important in an experiment?  

Give an example of a control in a named experiment 
State two ways in which the results of an experiment may be presented.

2005 HL

2.
Explain each of the following terms in relation to the scientific method

(a)
Hypothesis 

(b)
Control 

(c)
Data 

(d)
Replicate 

(e)
Theory 
2008 HL 

3. 
Answer the following, which relate to the scientific method, by completing the blank spaces.

(a)
As a result of her observations a scientist may formulate a 

She will then progress her investigation by devising a series of 

and then carefully analysing the resulting 

(b)
Why is a control especially important in biological investigations? 

(c)
If a scientist wished to determine the effect of a certain herbicide on weed growth she would include a control in the investigation. Suggest a suitable control in this case.

 (d)
The use of replicates is an important aspect of scientific research. What, in this context, are replicates? 

(e)
Suggest where a scientist may publish the results of her investigations 
2010 HL

8.
(a) 
Answer parts (i) and (ii) in relation to the scientific method.

(i) 
What is a hypothesis? 
1.1.3 Experimentation 

2010 HL

8.
(a) 
Answer parts (i) and (ii) in relation to the scientific method.

 (ii) 
Why is a control normally used when carrying out an experiment? 
1.1.3 Experimentation 

Where is your learning at?

Green: I know it all

Amber: I have some idea – check the answers 

Red:
I need to start studying this section 

Can you answer the following questions?

	
	Experimentation
	Green
	Amber
	Red

	1
	State the Principles of experimentation.
	
	
	

	2
	Explain each of the following in relation to experimentation:
	
	
	

	
	Planning & Design
	
	
	

	
	Safety Procedures 
	
	
	

	
	Experimental Control
	
	
	

	3
	Why are the following important in experimentation:
	
	
	

	
	Sample Size
	
	
	

	
	Random Selection
	
	
	

	
	Replicates 
	
	
	

	
	Double-Blind Testing 
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