The Nature of Science
Strand: Unifying Strand – The Nature of Science
Learning Outcomes: 1.1.1, 1.1.2, 1.2.1, 1.2.2, 1.2.3, 1.2.4, 1.2.5, 1.2.6, 1.3.1, 1.3.2, 1.4.1, 1.4.2

1
(a) Explain what is meant by the term "biology”
(b) What is meant by the term scientific method?
(c) What is the first step in the scientific method and what does it involve?
(d) Define the term hypothesis in the context of scientific investigations.
(e) Write a hypothesis for the question: What effect does exercise have on the pulse rate of a young adult?
(f) Distinguish between quantitative and qualitative data and give one example of each.
(g) Why is it important to repeat an experiment several times before drawing conclusions?
(h) What is meant by the reliability of data? How can we check if data is reliable?
(i) What should a scientist do if the experimental data does not support their original hypothesis?

2 
(a) What is the difference between a scientific theory and a scientific law?
(b) Explain what is meant by the term “science as a global enterprise.”
(c) Why is it important that scientists around the world follow the same rules and standards?
(d) Give two examples of how scientists achieve consistency in communication across the globe.
(e) Why do biologists use the SI system of units?
(f) What is meant by peer review? Explain why is it important in scientific publishing?
(g) Explain the term repeatability and give an example of when it is used in biology.
(h) What is reproducibility, and how does it differ from repeatability?
(i) Why is reproducibility especially important in the development of new drugs?

3
(a) “Models link macroscopic observations with microscopic explanations” Explain this statement. 
(b) Explain why we need to use models biology
(c) List three different forms a scientific model might take.
(d) Give an example of a simplified representation in a model and explain its limitation.

4
(a) Name a feature of good experimental design 
(b) In relation to the feature named in part (a), outline one way in which a scientist can ensure this feature is present in their investigation 
(c) Distinguish between accuracy and precision 
(d) Explain the meaning of the term “ethics” and write down two examples of ethical issues in biology.
(e) Once a scientist has gathered data, the next step is to present their results. State how a scientist might present their results and describe a benefit of presenting their results in this way.
(f) It has been suggested that ingesting capsules containing live Lactobacillus crispatus cultures is a treatment for bacterial vaginosis caused by bacteria. Is this a testable hypothesis? Justify your answer. 
(g) Write down a hypothesis for the investigation mentioned in part (f)
Exam-Style Questions
5 
A student carried out an investigation to measure the rate of movement (diffusion) of particles of iodine solution when placed in a water bath at different temperatures. The student dropped iodine solution into a test tube half-filled with water in a water bath at 20oC, and recorded the time taken for the for all of the water in the test tube to change colour. The student repeated this investigation at 30OC, 40OC and 50OC. 
1. Suggest a suitable hypothesis for this investigation 
1. Identify the independent variable in this investigation
1. Identify the dependent variable in this investigation 
1. List three controlled variables in this investigation 
1. How did the student ensure this investigation was fair?
1. Suggest how the student could have improved the reliability of their results. 

6
A student investigated how temperature affects the growth of bacteria. They prepared identical agar plates and inoculated each with the same volume of bacterial culture. The plates were then incubated at different temperatures (10°C, 20°C, 30°C, 40°C, and 50°C) for 24 hours. After incubation, bacterial growth was measured by calculating the diameter of the colony present in the agar. The results are displayed in the table. Analyse the data in the table and answer the questions that follow.
	Temperature (°C)
	Diameter of bacteria colony (cm)

	10
	15

	20
	40

	30
	85

	40
	60

	50
	10



1. Suggest a suitable hypothesis for this investigation 
1. Identify the independent variable in this investigation
1. Identify the dependent variable in this investigation 
1. List three controlled variables in this investigation 
1. How did the student ensure this investigation was fair?
1. Suggest how the student could have improved the reliability of their results. 
1. Suggest an instrument the student could have used to measure the diameter (cm) of the colony of bacteria 
1. Draw a suitable graph to represent the data in the table 
1.  Using the data in the table provided, and the graph you have drawn, write down the relationship between temperature and diameter of the bacteria colony.
7 
A group of students carried out an experiment to investigate the effect of temperature on the rate of enzyme activity by measuring the volume of oxygen produced per minute. The data the students obtained is displayed in table 1.1
	Temperature (°C)
	Oxygen Produced (cm³/min)

	10
	2.5

	20
	5.0

	30
	7.5

	40
	9.0

	50
	6.0



(a) Draw a suitable graph to represent the data in table 1.1 

(b)  What is the optimum temperature for enzyme activity based on this data? Explain your reasoning. 
(c) What conclusion can be drawn from analysing the graph. 
(d) Suggest two controlled variables that should be kept constant in this experiment. 




8
(a) What is the purpose of a control in a biological experiment? 

(b) Describe two ways a scientist could use to reduce bias in a biological experiment. 

(c) In an investigation, a student forgot to keep the pH constant while testing the effect of temperature on enzyme activity. How could this affect the results? 

9 
Distinguish between each of the following pairs of terms by writing a sentence about each
(a) A scientific theory and a scientific law
 (b) Qualitative data and quantitative data 
(c) Controlled variables and a control experiment 
 (d) Accuracy and precision 
(e) Random and systematic error 
 (f) A hypothesis and a conclusion 
1.10
A group of students carried out an experiment to investigate the effect of three different disinfectants on bacterial growth measured as the diameter of the inhibition zone in mm. The data the students obtained is displayed in table 1.2

	Disinfectant
	Trial 1 (mm)
	Trial 2 (mm)
	Trial 3 (mm)
	Average (mm)

	A
	12
	13
	14
	 

	B
	8
	10
	9
	 

	C
	15
	16
	15
	 


(a) Calculate the average inhibition zone for each disinfectant by completing the table above.

(b) The students repeated the investigation three times. Suggest a reason for this. 
(c) For this investigation, identify the
(i) Independent variable: 
(ii) Dependent variable: 
(d) Another student joined the group and suggested including a control in their investigation. State a suitable control for this investigation. 
(e) Suggest why a control is used in scientific investigations. _________________________________________________________________________________________________________________________________________

(f) Which disinfectant is the most effective? Explain how you reached your conclusion. 

(g)  Identify a possible source of error in this investigation. State whether the error you have identified is a random error or systematic error. 

(h) Suggest how the students could communicate the results gathered during their investigation. 

11
A team of scientists working on a malaria vaccine in Africa collaborates with laboratories in Europe and the US. Their study is peer-reviewed and published internationally.
(a) Explain how this scenario demonstrates science as a global enterprise. 
(b) Suggest two advantages of having scientists from different countries working together on health-related research?
12
A group of students investigated how different salt concentrations in water affected the reproduction of tadpoles. They prepared four tanks with salt concentrations of 0%, 0.5%, 1.0%, and 1.5%, and placed the same number of adult frogs in each. 
After two weeks, they recorded the number of eggs laid and the number of tadpoles that successfully hatched. The data collected is displayed in table 1.3 below.

	Salt Concentration (%)
	Number of Eggs Laid
	Number of Tadpoles Hatched

	0.0%
	180
	162

	0.5%
	174
	138

	1.0%
	169
	92

	1.5%
	160
	40



(a) How did the students ensure their investigation was fair? 
(b) Suggest a suitable piece of apparatus used to measure the mass of salt during this investigation. 

(c) For this investigation, identify the
Independent variable: 
Dependent variable: 

(d) Suggest two control variables for this investigation. 
(e) What conclusion could be drawn from the data collected in table 1.3? 

(f) [bookmark: _GoBack]Suggest how the students could ensure integrity while carrying out this investigation. 


