Nature of Science
Biology is the study of life 
There are many different areas of study in biology 
	(a) Botany = the study of plants 
(b) Genetics = the study of the inheritance of characteristics 
(c) Ecology = the study of the interactions between animals, plants & their environment 
(d) Microbiology = the study of micro-organisms (bacteria, fungi & viruses)



How scientists work
 Scientists follow a logical and organised process called the scientific method 
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A hypothesis is a proposed explanation of why certain events take place

A hypothesis is an “educated guess” or a proposition or a suggestion to explain what is happening when we are carrying out a scientific investigation. 
A hypothesis is always written in the form of an “if….. then” statement. 



Checklist for writing a hypothesis: 
1. It must be a statement – not a question! 
2. Describes the expected result 
3. Can be tested through experimentation

Quantitative data are numerical measurements that are made using scientific instruments. Examples of quantitative data are values of mass, temperature, volume and time.

Qualitative data are descriptive observations that are made by the person carrying out the experiment. Examples of qualitative data are changes in colour or observation of a gas being produced.

The experiment is repeated a number of times to ensure that the results are reliable. 




How scientific ideas are modified over time

A scientific theory is a hypothesis that has been repeatedly proven over time


A scientific law is a description of observed occurrences. 


Science as a global enterprise 

Science as a global enterprise relies on 

· Clear communication 

· International conventions. For example, scientists agree to use the SI (Système International d'Unités) system for units 

	Quantity 
	SI unit of measurement 

	Mass 
	Gram (g) 

	Time 
	Second (s) 

	Length 
	Metre (m) 

	Area 
	Metre squared (m2)

	Volume 
	Metre cubed (m3)

	Concentration 
	Molarity (M)



· Peer review. before the research reports are published, the work is reviewed by other scientists who work in that field. These other scientists will check if the research work has been carried out correctly and if the conclusions are valid. 


· Repeatability refers to the same person, carrying out their own experiment, following the same method and getting the same results. 


· Reproducibility refers to different people following the same method in a different laboratory and getting the same results. 


Investigations in Biology

A variable is anything that can be changed

The independent variable is the variable that you change. 


The dependent variable is the variable that you measure

Control variables are the variables that are not changed by you but are kept constant. 

All variables except the independent variable must be kept constant so that it is a fair test.

A fair test is one in which only one variable at a time is changed while keeping all other conditions the same.

A control experiment involves removing the factor that is being investigated. A control experiment is used to compare against the experimental results. 


In addition to fairness, when biologists carry out investigations, a number of other factors must be considered. 
1. Reliability refers to the consistency of data when repeated.
How to ensure reliability:  
· Repeat the experiment several times and compare results. 
· Use a large sample size to reduce the impact of anomalies.
Anomalous data is data which is inconsistent with the other data values
2. Accuracy refers to how close your measured values are to the true or accepted value.
How to ensure accuracy: 
· Use properly calibrated equipment 
· Avoid human error in reading measurements.
3. Precision refers to how close repeated measurements are to each other.
How to ensure precision 
· Use equipment that measures with fine detail (e.g., a digital thermometer instead of an analogue one).
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4. Error
Error refers to the difference between the measured value and the true value.
There are two types of error (Table 1.2)
  (a) Random error 
  (b) Systematic error 

Random error is unpredictable changes in measurements 
Systematic error is a consistent problem in the method followed or equipment used 
	Type of error 
	Random error 
	Systematic error 

	Cause 
	Unpredictable changes in measurements 
	A consistent problem in the method followed or equipment used

	Example 
	Human reaction time using a stopwatch 
	Using a ruler that starts at 0.5cm rather than 0cm

	Effect 
	Causes inconsistency between repeated results 
	Causes all results to be inaccurate 

	To limit this error 
	Take multiple measurements, and calculate an average 
	Identify and correct the method of calibrate the equipment 





5. Integrity
 involves being ethical in conducting and reporting scientific investigations
Ethics refers to an issue being right or wrong

To avoid bias in investigations 
1. Large sample size 
2. Random selection 
3. Double blind testing 
4. Replicate the experiment 
5. Have a control experiment 
A double blind test involves neither the scientist nor the person knowing which sample contains the active medication and which sample contains the placebo. 
 
A placebo is a pill with no active medication used in a double blind test for comparison to the pill with the active medication 

Models in biology

A scientific model is a simplified representation to help us to visualise, explain and concepts 
· Models may be compared to a bridge that helps us to go from the visible (macroscopic) to the invisible (microscopic). 
 
· Models are simplified representations of complex systems. 

· Models can be modified over time. Models can evolve as more scientific knowledge becomes available. 

· Models are very useful for making predictions. 

Communicating in Biology 

Biologists must be able to:
· Carry out research that is relevant to a scientific topic.

· Evaluate different sources of information. 

Primary data are data collected by the researcher him or herself.

Secondary data are data collected by someone other than the researcher him or herself.
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