	Question


	Answers
	Associated Misconception(s)

	1. As a research assistant you conducted an experiment in the lab to test whether mice prefer hiding in certain types of cover (leaves, grass or wood chips). A circular enclosure was divided equally into these cover types and a mouse was placed in the middle (study the complete diagram of your experimental setup on your handout). After leaving the mouse for 60 seconds, its hiding place was recorded. You tested a total of 120 mice before analyzing your results. Should each mouse be placed in the enclosure facing the exact same direction?
	a. Yes - it is important to always be consistent in the experimental procedure
	Randomizing directions in the setup makes it inconsistent/biased

	
	b. Yes - the enclosure should rotate randomly so mice face different cover types
	Direction mouse faces is unimportant; only physical setup matters

	
	c. No - 40 mice should face each cover type to make sure the experiment is fair
	Presence of extraneous factors (light, researchers) will have no effect

	
	d. No - mice should face a random direction and the enclosure should rotate randomly

	CORRECT ANSWER – biological and extraneous factors require both elements to be randomized

	Question


	Answers
	Associated Misconception(s)

	2. You want to see whether a new drug that has been designed to increase weight gain is successful. In one group, 40 mice will be given a pill containing the drug, and in the other group, the other 40 will be given a pill that does not contain the drug, and is known not to affect weight gain. 

Why should you choose randomly which group each mouse is placed in?


	a. It should lead to mice with variable characteristics being distributed evenly
	CORRECT ANSWER – any notable biological variation should be equally prevalent in one group as in the other

	
	b. It should remove the chance that non-controlled factors will influence the results
	Because both groups experience the same inconsistencies, these inconsistencies will not affect responses

	
	c. It should ensure that there is little variation in the mice that are in each group

	Randomizing individuals in treatment groups removes biological variation as a factor that influences results

	
	d. It should provide results that are representative of mice as a species
	Randomizing individuals/replicates is the same as random sampling; your results can be extrapolated to the species as a whole, even though your replicates came from a limited source of it

	                            Question


	Answers
	Associated Misconception(s)

	3. You chose to weigh each mouse on weighing scales before and after the experiment to compare any changes (g) instead of recording changes in stomach circumference (mm) or fat content (%) in blood samples. 

Why is your chosen method more suitable than the other two?


	a. The other two methods are more likely to result in measurement errors
	There will be many fewer errors in using weighing scales




	
	b. The other two methods do not directly assess weight changes in mice 
	CORRECT ANSWER – fat content and stomach circumference are only proxies

	
	c. The other two methods use small measurement units that over-exaggerate any changes

	‘Real’ differences are important in significance testing (not ‘relative’); higher accuracy/precision = a bad thing 

	
	d. The other two methods are not able to detect small changes 

	Measuring in mm or % is less discerning than g; higher accuracy/precision = a bad thing

	Question


	Answers
	Associated Misconception(s)

	4. A store worker claimed that pet mice can tolerate temperatures of 10-26(C, but you predicted that different temperatures in this range would affect activity on an exercise wheel. 120 mice were randomly divided in one of three treatment groups (10(C, 14(C or 18(C) and you recorded the number of minutes spent exercising in a 24-hour period. You then calculated averages (means) and the variation around these averages. 

Why is it most important that there is a 14(C temperature treatment (and not just 10(C and 18(C treatments)?
	a. It provides enough data for reliable analysis (two groups could not provide enough)
	^ treatment groups is more important than ^ replicates in these groups; at least three are required to test hypotheses

	
	b. It provides more chances to compare activity rate across different temperatures
	CORRECT ANSWER – more comparisons makes for a more in-depth consideration of the research question

	
	c. It is necessary to have a treatment exactly in the middle of the range of tolerance

	Range of tolerance depends on extremes tested, not on physiological limits of the species being tested; you must have a group in the middle of the R of T.

	
	d. It ensures that your experiment has a valid control temperature treatment group

	When all three groups could be controls, the one in the middle is the best candidate; unable to choose most effective control from three possibles

	Question


	Answers
	Associated Misconception(s)

	5. You wanted to research whether temperature would affect the growth rate of young mice in natural environments. You released 50 mice into each of three distinct, natural forests in BC (in the northern forest mean temperature is 6(C, it is 10(C in the middle one, and 14(C in the southern one). After 10 weeks, you caught and weighed your mice before comparing the results for the different treatment groups. What is the biggest design flaw that will prevent you from answering your research question?
	a. Other variables as well as temperature will differ between treatment groups

	CORRECT ANSWER – extraneous factors in the different forests will influence growth rate

	
	b. The mice in the experiment will differ in biological characteristics (health, age etc)
	Biological variation always prevents conclusions being drawn in experiments

	
	c. Mice are so small that any differences will probably be too small to detect

	Small literal differences cannot be detected statistically (not important that they could be relatively big); growth rate never varies greatly within a species

	
	d. You need more than 50 mice per treatment group to give reliable results

	You would need more than 50 to show significance; sample size more important than extraneous factors

	Question


	Answers
	Associated Misconception(s)

	6. You conducted a new experiment in the lab to see if temperature would affect the growth rate of mice. When choosing the mice to use, you had to decide how widely you wanted them to vary in certain characteristics. 

Which option should give the best chance of seeing significant differences if growth rate really is affected by temperature?

	a. Mice in each treatment group should vary in size, age and sex (small to big, young to old, male and female)
	Wide variation is most natural so most likely to show any effect; results in normal distribution of variables so a good test for significance

	
	b. Mice in each treatment group should not vary in size, age or sex (small, young, females only)
	CORRECT ANSWER – minimizing biological variation tests hypothesis most precisely

	
	c. Mice in each treatment group should only vary in size and age (females only)
	Sex is the only biological factor that will influence results as males often grown bigger than females

	
	d. Mice in each treatment group should only vary in size (young, females only)

	Because we are measuring growth rate it is a good idea to have a range of sizes

	Question


	Answers
	Associated Misconception(s)

	7. Rainbow Trout are known to grow rapidly in waters of 14(C but you wanted to know whether they could be efficiently farmed in other temperatures. So, as a fisheries biologist, you asked whether differences in water temperature affected growth (weight gain). Over 8 months, you tested 50 fish in 8(C and 14(C water treatments in a controlled laboratory setting.

Which of the following represents the control treatment group/groups in this experiment?


	a. The 8(C water temperature treatment


	The lowest temperature is the control; the new temperature is the control

	
	b. The 14(C water temperature treatment 


	CORRECT ANSWER – the natural water temperature they are farmed in

	
	c. Both the 8(C and 14(C water temperature treatments


	You are controlling the water temperature (what is being tested) so both are your controls

	
	d. Neither the 8(C or 14(C water temperature treatment groups

	Something other than the abiotic factor being manipulated (temperature) is the control treatment group/groups

	Question


	Answers
	Associated Misconception(s)

	8. You tested whether different water temperatures (7(C, 14(C, 21(C) affected the rate of swimming of trout. You put each fish in a water container set at one of these temperatures and recorded how far it swam in 60 seconds (cm/min) before calculating averages (means) and the variation around these averages for each temperature group. You had a total of 45 fish to use in this experiment, but 1 seemed very unhealthy (swimming very oddly) so you did not use it. 

What is the best way to use the 44 healthy fish to get the most informative and reliable results?
	a. Discard the two biggest healthy fish to leave 14 fish to take measurements from in each temperature group (total n=42)

	Numbers must be balanced within each treatment group; better to keep them balanced than have a higher number of replicates in producing an average 

	
	b. Take measurements from 14 fish in one temperature group but take measurements from all 15 fish in the other temperature groups (total n=44)
	CORRECT ANSWER – maximises number of replicates available to calculate the most reliable averages

	
	c. In the temperature group with only 14 fish, take two measurements from the fish that comes closest to the average swimming rate (total n=45)
	The response is not biased because it falls in the middle of the range of other replicates

	
	d. In the temperature group with only 14 fish, take an extra measurement from a randomly chosen fish that was used in another temperature group (total n=45) 
	If used twice but in different groups the response is not biased

	Question


	Answers
	Associated Misconception(s)

	9. You wanted to test whether heavier trout were faster swimmers than light ones. From one pond of 80 fish, you randomly caught two at a time. The heavier fish of the two went in the ‘heavy’ category and the lighter one in the ‘light’ category. Pairs then raced up a 100m-long water channel held at a constant temperature. 
What was the biggest experimental flaw in your design?
	a. There were only two treatment groups (‘heavy’ and ‘light’)
	More than two treatment groups are needed for a statistical analysis

	
	b. Each fish only raced once so random results were probably quite likely
	Replicates should be tested more than once to improve response reliability

	
	c. The weights of fish in each temperature group were too variable
	CORRECT ANSWER – treatment groups were inaccurately divided

	
	d. There was no water control (another temperature) to compare results with
	More than one abiotic variable would be needed to assess the affect of weight; wrong impression of a control group

	Question


	Answers
	Associated Misconception(s)

	10. You will catch a total of 200 rainbow trout from a natural lake and randomly place 100 in one research pond and the other 100 in an identical pond. You will provide fish in the two ponds with different amounts of food to see whether this affects growth (fish in one pond will have twice as much as fish in the other pond).
Which of the following lists all the biological factors that could vary between each fish and affect their growth responses (and your conclusions)?
	a. Sex, age and health
	Weight at start is not important (will not affect growth)

	
	b. Sex, age and weight at start,

	Health variations are not important; health is temporary and not innate/biological

	
	c. Age, health, and weight at start
	Sex is not important (will not affect growth)

	
	d. Sex, age, health, and weight at start
	CORRECT ANSWER – all these factors affect growth and will influence results

	Question
	Answers
	Associated Misconception(s)

	11. In a different experiment, you will ask whether giving young trout different food (crickets, worms, larvae) will affect growth (weight gain). You will have 45 fish in each treatment group and will feed each fish the same amount of food each day. You will weigh fish at the start and end of the 16-week experiment and calculate averages (mean weight gain) and the variation around these averages for comparison.

Imagine you find no significant differences between groups. If you re-do the experiment, which of the following changes should enhance the accuracy of your experiment? 
	a. Weigh half the fish on one weighing scale and the other half on another weighing scale

	This would tell you if one was inaccurate (how would you know which one?)

	
	b. Use a set of weighing scales that is able to measure smaller weights
	CORRECT ANSWER – smaller differences can be detected

	
	c. Measure changes in length instead of weight before comparing averages
	Length is a better measure of weight gain; there must have been a reason that there was no significant difference so change the study (not the equipment)

	
	d. Have one researcher weigh half the fish and another one weigh the other half 

	This would tell you if one researcher was inaccurate (how would you know which one?); variation in researcher makes for more accurate data collection

	Question
	Answers
	Associated Misconception(s)

	12. In another lab experiment you will test whether differences in water temperature will affect trout growth (weight gain). How many of the following four potential hypotheses can be tested in a single experiment?

H1: Varying water temperature will have no effect on trout growth rate 

H2: Varying water temperature will have an effect on trout growth rate

H3: Trout will grow quicker in warmer temperatures

H4: Trout will grow quicker in the warmest temperature compared to the coldest
	a. You can only test two of these hypotheses
	You always test one null and one alternate hypothesis

	
	b. You can only test three of these hypotheses (H1, H2, and either H3 or H4)
	You always test the most basic null and alternate hypotheses, as well as one directional one

	
	c. You can only test three of these hypotheses (either H1 or H2, and both H3 and H4)
	 You can test as many directional hypotheses as you want but only one basic null or alternate (either one of these will answer the same question)

	
	d. You can test all four of these hypotheses


	CORRECT ANSWER – any number of hypotheses can be tested at once

	Question
	Answers
	Associated Misconception(s)

	13. As a greenhouse worker you must assess whether it is worth buying a particular water-based spray pesticide (P1, P2, or P3) to kill tomato pests, such as aphids. You decide to spray each pesticide on three different groups of 150 tomato plants and record the average (mean) % of pests killed after application and the variation around these averages for each group (P1, P2, P3). 

Which of the following additions to the design will best help you decide whether you should use one of these particular pesticides in the future?
	a. Spray plain water on another group of 150 tomato plants to compare results with P1, P2, and P3 
	CORRECT ANSWER – a control is required to compare the pesticides with

	
	b. Test P1, P2 and P3 on another crop species to compare results for different crops
	It would be more certain if at least one other species was tested; a different species is an effective control

	
	c. Test P1, P2, and P3 on more than 150 different tomato plants for a bigger sample size
	Bigger sample size more important than a control; 150 plants too few to show any effect of a pesticide

	
	d. Record the actual number of pests killed by P1, P2 and P3 rather than % killed


	Real numbers are more accurate than a  %; variations in pest number before application are unimportant

	Question
	Answers
	Associated Misconception(s)

	14. You will next test whether varying the concentration of a pesticide affects its ability to kill pests on potted tomato plants grown in the same potting soil type. You will have three treatment groups (70 individual plants sprayed with 5g of pesticide per litre, 70 with 10g per litre, and 70 with 15g per litre). Once you have your results, you will do the experiment again.
Which of the following factors must be kept the same from the first experiment to the second one to allow you to accurately compare the two sets of results?
	a. Potting soil type only


	Temperature is not important (it won’t affect the plant, pests or fertilizer); only a directly related extraneous variable will influence the results

	
	b. Potting soil type and the same individual plants
	Temperature is not important; only directly related extraneous variables influence results, and replicates can be re-used for consistency

	
	c. Potting soil type and temperature 
	CORRECT ANSWER – All abiotic variables except the one being manipulated must be kept constant

	
	d. Potting soil type, temperature and the same individual plants


	Replicates can be re-used for consistency

	Question
	Answers
	Associated Misconception(s)

	15. You are designing individual experiments to test whether three newly developed fertilizers that have never been tested before will speed up tomato development. You decide to test a null hypothesis (the fertilizer will have no effect) and an alternate hypothesis (the fertilizer will have an effect) for each fertilizer. 
Complete the following sentence: 
 
These experiments will only advance scientific understanding about whether or not these fertilizers are effective…
	a. If you are able to support the alternate hypothesis in all three experiments 

	Only a ‘positive’ result that presents a solution to the problem advances scientific understanding

	
	b. If you are able to support the null hypothesis in all three experiments

	Only a ‘negative’ result advances scientific understanding OR student misinterprets the null hypothesis

	
	c. If you are able to support a hypothesis (either the alternate or null hypothesis) in all three experiments

	CORRECT ANSWER – results that support either hypothesis present new knowledge and thus advance scientific understanding

	
	d. If you are able to support either the alternate or null hypothesis in at least one experiment
	Not completing an experiment will still advance scientific understanding about these fertilizers

	Question
	Answers
	Associated Misconception(s)

	16. You will repeat each experiment more than once before concluding whether each newly developed fertilizer is successful at speeding up tomato production. 
Which of the following sources of error/inconsistency will always affect the data more than any other?

	a. Differences in the characteristics of individual tomato plants

	Biological variation is always the most important factor in causing error and uncertainty in results

	
	b. Faults and/or differences in the accuracy of equipment
	Equipment errors are always more important than other sources of error

	
	c. Errors made by researchers when measuring and recording data

	Human errors are always bigger than other sources of error

	
	d. Any of the above sources could affect data more than the others in any given experiment

	CORRECT ANSWER – There is no universal rule as to which source of error might introduce the most bias 

	Question
	Answers
	Associated Misconception(s)

	17. You wanted to know how to produce bigger tomatoes. You tested a chemical fertilizer (F1), an organic fertilizer (F2) and water (W1). You had one natural field to experiment in with enough space for 24 very similar plants (8 per treatment group). You split the field into thirds (F1 = plain circles, F2 = blue circles, W1 = dashed circles – study the diagram on your handout) and randomly selected plants to put in each treatment group.

Why is your experimental setup most likely to provide biased results? 
	a. You do not have an effective control treatment group to compare results against


	Water is not a good control; there is no other species being tested so the results will not be useful

	
	b. Splitting the treatment groups into thirds is unfair as field conditions might vary
	CORRECT ANSWER – variation in soil conditions (e.g.) could influence production (instead of the fertilizer)

	
	c. Choosing similar plants for each treatment group means there is too little variation
	A wider range of variation in individuals makes the results more likely to show significant differences if there really is an effect

	
	d. Plants were not identical in each treatment group so comparisons cannot be made
	Biological variation prevents experiments assessing the effects of certain factors on organisms 

	Question
	Answers
	Associated Misconception(s)

	18. In a different experiment, you want to know whether aphids are more likely to be found on a certain variety of tomato plant. You want to calculate an average (mean numbers of aphids) and the variation around this average.

Which of the following will provide 100 independent and non-biased data measurements to use in calculating your average?
	a. Count aphids on 100 randomly selected leaves from 1 plant 


	Taking 100 leaves from 1 plant ensures leaf to leaf variation does not bias results too much [pseudoreplication]

	
	b. Count aphids on 10 randomly selected leaves from 10 plants 
	This provides intermediate (reliable) variation for leaves and plants and this is desirable; the same numbers of leaves and plants are used [pseudoreplication]

	
	c. Count aphids on 4 randomly selected leaves from 25 plants 


	This provides intermediate (reliable) variation for leaves and plants and this is desirable [pseudoreplication]

	
	d. Count aphids on 1 randomly selected leaf from 100 plants 
	CORRECT ANSWER – this provides 100 independent measurements (the plant is the real unit of variation)


