



	Question
	Answers
	Associated Misconception(s)

	1. Rainbow Trout are known to grow rapidly in 14(C water but you want to know whether they could be efficiently farmed in other temperatures. So, as a fisheries biologist, you ask whether differences in water temperature affect growth (weight gain). Over 8 months, you will test 50 fish in 8(C and 14(C treatment groups 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 group
	The lowest temperature is the control, or the new temperature is the control

	
	b. The 14(C water temperature treatment group
	CORRECT ANSWER – the natural water temperature they are farmed in (data already exists for this group)

	
	c. Both the 8(C and 14(C water temperature treatment groups


	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

	A control would be testing another fish species, or another abiotic factor (not temperature), or your controls are the other factors held constant in the experiment, or student does not understand controls can be positive as well as negative

	Question
	Answers
	Associated Misconception(s)

	2. You then designed another laboratory experiment to test whether differences in water temperature would affect trout growth (weight gain). This time you added a third temperature group (you now tested fish in 8(C, 14(C and 20(C). How many of the following four potential hypotheses can be tested in this experiment?

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

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

H3: Varying water temperature will have an effect on trout growth, such that trout will gain more weight in warmer temperatures compared to colder ones

H4: Varying water temperature will have an effect on trout growth, such that trout will only gain more weight in the warmest temperature compared to the very coldest one 
	a) You can only test two of these hypotheses


	You always only test one null and one alternate hypothesis



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



	
	c) You can only test three of these hypotheses (H1 or H2, as well as H3 and H4)
	You can test as many subjective or directional hypotheses as you want but only one basic null or alternate (either one 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 as long as they can be answered by the experimental design

	Question
	Answers
	Associated Misconception(s)

	3. You will catch a total of 200 rainbow trout from a natural lake, record the weight of each, 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 individual characteristics that could vary in each fish and affect their growth responses (and your conclusions)?


	a) Sex, age and health
	Weight at start is not a biological factor, or this is not important because you are measuring differences in weight

	
	b) Sex, age and weight at start
	Health is not a biological factor that will affect weight gain

	
	c) Age, health and weight at start
	Sex is not a biological factor that will affect weight gain

	
	d) Sex, age, health and weight at start
	CORRECT ANSWER – all four of these factors are biological, will vary from fish to fish, and will affect weight gain and therefore the results

	Question
	Answers
	Associated Misconception(s)

	4. In a different experiment, you will ask whether giving young rainbow trout different food (crickets, worms, larvae) will affect growth (weight gain) in a very short space of time. You will have 45 fish in each treatment group and feed each fish the same amount of food each day. You will weigh fish at the start and end of the one-week experiment and calculate averages (means) 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
	Using more than one device to obtain measurements reduces the chance of faulty measurements being taken

	
	b) Use a more sensitive set of weighing scales to weigh each fish
	CORRECT ANSWER – increased accuracy might highlight small – but significant – differences

	
	c) Measure changes in length instead of weight before comparing averages 


	Length is a good measure of weight gain; changing the factor being measured is appropriate to seek significant differences (data dredging)

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

	Using more than one person to measure weight differences reduce the chance of faulty measurements being taken

	Question
	Answers
	Associated Misconception(s)

	5. As a greenhouse worker you must assess whether it is worth the expense of 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 150 different tomato plants and record the average (mean) % of pests killed after application and the variation around these averages for each treatment 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 groups of 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 groups of more than 150 tomato plants to provide 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 the % killed


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

	Question
	Answers
	Associated Misconception(s)

	6. 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 of pesticide per litre, and 70 with 15g of pesticide 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 let you compare the results and judge whether any effect of pesticide concentration is consistent?
	a) Potting soil type only


	Temperature is not an important factor, or plants were kept in the same soil type before so this is the only important factor to keep the same

	
	b) Potting soil type and the same individual plants


	Temperature is not an important factor and/or it is appropriate to use each plant replicate more than once in experiments

	
	c) Potting soil type and temperature 


	CORRECT ANSWER – both these variables must remain the same so that only pesticide concentration is varied

	
	d) Potting soil type, temperature and the same individual plants
	It is appropriate to use each plant replicate more than once in experiments, or to achieve highest control, everything must be the same between trials

	Question
	Answers
	Associated Misconception(s)

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

Which of the following will provide 100 unbiased data measurements to use in calculating your average?


	a) Count aphids on 100 randomly selected leaves from 1 plant

	Pseudoreplication – variation in plants is not important in affecting pests (sampling 100 times from 1 plant is OK)

	
	b) Count aphids on 10 randomly selected leaves from 10 plants

	Pseudoreplication – variation in plants is not important in affecting pests, or 10:10 is balanced and therefore unbiased

	
	c) Count aphids on 4 randomly selected leaves from 25 plants
	Pseudoreplication – variation in plants is not important in affecting pests, or bias is minimized by taking a few leaves from a relatively high number of plants

	
	d) Count aphids on 1 randomly selected leaf from 100 plants
	CORRECT ANSWER – taking measurements from 100 independent plants reduces bias (unusual variation in any one plant is only counted once)

	Question


	Answers
	Associated Misconception(s)

	8. You have a total sample of 300 individual cheatgrass plants taken from one area of a grassland habitat that can be divided into the five different treatment groups in these experiments. Why should you choose randomly which group each plant is placed in?

	a) It should lead to cheatgrass plants with variable characteristics being distributed fairly evenly between groups
	CORRECT ANSWER – variation will still exist but it should be distributed fairly evenly across treatment groups

	
	b) It should remove the chance that non-controlled factors will influence the results
	If these factors influence both groups the same they will not influence the results

	
	c) It should ensure that there is little variation in the cheatgrass plants that are in each group
	Creating balanced groups is equivalent to creating groups without variation

	
	d) It should provide results that are representative of cheatgrass as a species
	Random sampling = randomization. Cheatgrass will not vary from location to location



	Question


	Answers
	Associated Misconception(s)

	9. Which of the following potential hypotheses can be tested in multiple species comparisons across the whole experiment (these comparisons include cheatgrass v species A, cheatgrass v species B, cheatgrass v species C, and cheatgrass v species D)?

H1: Other species (A, B, C, D) will have no effect on cheatgrass growth rate

H2: Other species (A, B, C, D) will have an effect on cheatgrass growth rate

H3: Other species (A, B, C, D) will have an effect on cheatgrass growth rate, such that cheatgrass will grow slower when it is in the presence of any of these species

H4: Other species (A, B, C, D) will have an effect on cheatgrass growth rate, such that cheatgrass will grow slower when it is in the presence of some of these species


	a) Only H1 and H2


	You always only test one null and one alternate hypothesis



	
	b) H1 or H2, as well as H3 and H4
	You can test as many subjective or directional hypotheses as you want but only one basic null or alternate (either one will answer the same question)



	
	c) H1 and H2, as well as H3 or H4
	You always test the most basic null and alternate hypotheses, as well as one directional/subjective one



	
	d) H1, H2, H3 and H4
	CORRECT ANSWER – any number of hypotheses can be tested at once as long as they can be answered by the experimental design

	Question
	Answers
	Associated Misconception(s)

	10. Which of the following statements describes the link between differences in the individual characteristics of cheatgrass plants in each treatment group and the inconsistency that will be present in the data/results?

	a) Inconsistency will be low because all plants of the same species will be very similar
	Biological variation between individuals of the same species will not be a major source of error in results

	
	b) Inconsistency will be low because all plants used in this experiment are of a similar age
	Biological variation between individuals of the same species will not be a major source of error if ages are similar

	
	c) Inconsistency could be relatively high because it is not possible to know all the ways that individual plants vary
	CORRECT ANSWER – biological variation between individuals of the same species can be high and affect the error in results in a major way

	
	d) Inconsistency could not affect the results because all treatment groups will have plants that vary by about the same amount
	Randomization will always create balanced groups and/or there is no error in results if variation is equally large between individuals in different groups



	Question
	Answers
	Associated Misconception(s)

	11. Carefully read four potential outcomes of your experiment (listed below, 1-4).

Outcome 1: None of the other 4 species have any effect on cheatgrass growth rate

Outcome 2: Only 1 other species increases cheatgrass growth rate 

Outcome 3: Only 1 other species decreases cheatgrass growth rate

Outcome 4: All the other 4 species decrease cheatgrass growth rate
Which of these outcomes would most advance scientific understanding about the interactions between these species?
	a) Outcomes 1 or 4 (would advance understanding more than outcomes 2 or 3)
	It is more useful in terms of gaining knowledge to see positive or null (no effect) results for all treatment groups

	
	b) Outcomes 3 or 4 (would advance understanding more than outcomes 1 or 2)
	It is more useful in terms of gaining knowledge to see positive results only (results that can be used in applied situations)

	
	c) Outcomes 2, 3 or 4 (would advance understanding more than outcome 1)
	It is more useful in terms of gaining knowledge to see an effect of a treatment only (i.e. better to see a positive or negative effect than no effect at all)

	
	d) Outcomes 1, 2, 3 or 4 (all would advance understanding equally)
	CORRECT ANSWER – any new knowledge is useful in learning about the impacts each species exerts on the others

	Question
	Answers
	Associated Misconception(s)

	12 [TABLE]. Imagine that your experiments showed that species B decreased the growth rate of cheatgrass. Suppose you now want to know how very wet conditions affect species B, so that you can suggest whether it might best prevent cheatgrass dominating those habitats. The table below shows three different sampling methods that could be used to assess the number of species B plants growing in 10m2 plots in very wet habitats (fields). You need an unbiased sample size of 25 from which you can calculate an average (mean). Which sampling method (or combination of methods) will get you that?
	a) Sampling Method A
	Pseudoreplication – taking more than one measurement from each replicate does not result in bias

	
	b) Sampling Method B
	Pseudoreplication – taking more than one measurement from each replicate does not result in bias, or balanced numbers (5:5) removes bias

	
	c) Sampling Method C
	CORRECT ANSWER – each replicate is only sampled once

	
	d) Sampling Methods A and C
	Scale is unimportant in terms of variation (the unit of variation is unimportant) as long as only one measurement is taken for each data point (here, there is no difference between fields and plots within the same fields)

	Question


	Answers
	Associated Misconception(s)

	13. Previous research suggests cheatgrass might grow faster in wetter environments. To test this in the lab, you randomly selected cheatgrass plants to place in one of two treatment groups (one given a normal volume of water, and one given excess water). Complete the following statement to explain the effect that sample size has on random assignment: 

“Randomizing the choice of plants that go into each treatment group should create groups with similar levels of variation…
	a) Most effectively when the number of plants in each group is very small
	If a sample is very small the chances of distributing variation evenly is high

	
	b) Most effectively when the number of plants in each group is very large
	CORRECT ANSWER – distributing variation evenly is likeliest when sampling from a large group

	
	c) Equally effectively no matter what the number of plants in each group is
	The size of a sample does not affect the likelihood of randomization selecting equal levels of variation

	
	d) More effectively than non-random methods however many plants are in each group


	Randomization will always distribute variation more evenly between groups than by manually selecting individuals to place in treatments

	Question


	Answers
	Associated Misconception(s)

	14. In another experiment, you decide to spend time at three different natural locations in North America and personally collect data on the number of individual plants of another three species (E, F, G) that are growing with cheatgrass in these locations. 

Which of the following options correctly states how these data can be used to advance scientific understanding in this field of research?


	a) Data will be collected in different non-controlled habitats so cannot be used at all
	Data from observational science are useless because uncontrolled factors will have affected their accuracy

	
	b) Data can be used to form predictions and hypotheses to test in controlled experiments
	CORRECT ANSWER – observations can be used to look for interesting patterns for which hypotheses and experiments to test these can be designed

	
	c) Data can be used to test hypotheses that ask whether different numbers of these species affect cheatgrass numbers
	Uncontrolled abiotic factors (temperature, soil etc) will not have affected the different species

	
	d) Data can be used to test hypotheses that ask whether different habitats affect plant numbers (cheatgrass and species E, F, G)
	Uncontrolled biotic factors (species abundance and distribution) will not have affected the different species 



