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Exercise 1: Power 
Activated T cells 

• Providing the observed difference between WT and KO cells is of scientific interest, 
what sample size is needed to achieve 80% power?  

Polarised Not Polarised Proportions 

WT 10 31 10/41=0.24 

KO 14 21 14/35=0.40 

 
• To achieve a power of 80%, you will need a total sample of 288 cells. 
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Mice weight 

• What sample size is needed to be able to spot a 10% difference with 80% power? 
     Mean SD 10% difference 

Weight 27.2 25.5 26 29.1 26.95 1.6 26.95*0.9 = 24.255 

 

• To be able to spot a 10% difference in the mice weight, at 80% power, assuming the 
KO group have the same variance as the WT, you will need 7 mice per group. 

 

Arachnophobes 

• Use the data to calculate the values for a power calculation 
 Picture Real Spider 

 25 45 

 35 40 

 45 55 

 40 55 

 50 65 

Mean 39 52 

SD 9.6177 9.7468 
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o Run a power calculation 

 

• Providing the preliminary results are to be trusted, to be able to pick up such a 
difference between the 2 groups, with a power of 80% and a significance level of 5%, 
we will need at least 10 arachnophobes in each group. 

• How many arachnophobes would you need to achieve a power of 80%, if based on a 
paired design? Answer: 4 arachnophobes  

Picture Real Spider Difference 

25 45 -20 

35 40 -5 

45 55 -10 

40 55 -15 

50 65 -15  
Mean -13  
SD 5.700877 
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Exercise 2: t-test 
Working memory 

• Is there an effect of treatment on the monkeys' performance? 

• First, plot the data – it looks normal and there aren’t any outliers on the boxplot. It 
looks like there is likely to be an effect. 
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• Then, run the paired t test in Prism, with residual and QQ plots. Again, it looks like it 

meets the assumptions for parametric testing, and it passes all the tests for normality 
of the residuals (see the results page below). The estimation plot shows the paired 
points and mean differences, so can be a useful summary.  
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• The results page for the paired t test gives a statistically significant result, with a p 
value <0.0001. The 95% confidence interval does not include 0 and the pairing was 
highly effective.  

• Answer: There is a significant effect of dopamine depletion on working 
memory in rhesus monkeys (p<0.0001). 

• There are a number of ways this result can be presented graphically. It is misleading 
to show a p-value associated with a paired t-test without showing the pairing on the 
graph (as in the first plot). It is preferable to show what has actually been tested, by 
either showing the pairing on the plot or plotting the differences between the groups, 
as in the second and third plots. 

• Just showing the difference can be a useful, especially if there are a lot of points – to 
do this: 

o Analyse > Remove baseline and column math  
o Definition of baseline: Selected column(s) = Every other dataset (column): 1st, 

3rd, 5th… 
o Calculation: Difference = Value – Baseline.  
o Create a graph from the resulting data. 
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Coffee 

• You are tired and want a decent coffee but are not sure which type to have – the 
coffee shop has the option of Robusta or Arabica beans. You find some data where 
they have been tasted and rated for their overall score and decide to use this to base 
your decision on. Which should you choose for your coffee?  

• Start by plotting the data and checking for normality – the QQ plot looks slightly 
wobbly but still mostly follows the line, and our data are passing normality tests, so 
we are going to use a t-test.  
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• Answer: There is a significant difference in taste score between the two coffee 

beans (p<0.0001). You should choose the Arabica beans as these get a higher 
score.  
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Exercise 3: ANOVA 
Crop yield 

• As a crop researcher, you want to test the effect of three different fertiliser mixtures 
on crop yield. You carry out an experiment using three fertiliser types (1, 2, and 3) 
and measure crop yield. Do the fertilisers have an impact on yield and, if so, which 
fertiliser gives the highest yield? 
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• After plotting the data and looking at the QQ plot and normality tests, a parametric 
approach looks reasonable. The box and whiskers plot highlights a potential outlier in 
fertiliser 3 but it doesn’t look implausible and, given no other reason to exclude it, we 
will leave it in. If we wanted to, we could run additional outlier identification tests 
(which also come back as negative).  
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• After running the ANOVA, we can see there is a significant difference between the 
three fertilisers from the omnibus test (p=0.0007), so we can reject the null 
hypothesis that there is no difference. From the multiple comparisons test, we can 
see that fertiliser 3 is significantly different from both 1 and 2 (p=0.0006 and 
p=0.0209, respectively), but there is no significant difference between fertilisers 1 
and 2 (p=0.4954). Therefore, we would want to use fertiliser 3 to maximise yield.  
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Neutrophils 

• A researcher is looking at the difference between 4 cell groups. They have run the 
experiment 5 times. Within each experiment, they have neutrophils from a WT 
(control), a KO, a KO+Treatment 1 and a KO+Treatment2. Is there a difference 
between KO with/without treatment and WT? 

• Again, we want to start with plotting our data. As the experiment has been run 
independently 5 times, this makes it a repeated measures design, and this should be 
reflected in our graphs.  
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• Hint: to colour the points by experiment you highlight the data on the data table, right 
click and select Format Points > Symbol Color 

• Although the QQ plot is not perfect, it still mostly follows the line and our data look 
okay otherwise, so we will use a repeated-measures one-way ANOVA. From this, 
there is a significant difference between our groups (p=0.0002). KO and KO+T2 
are significantly different from WT (p=0.0023 and p=0.0067, respectively) but 
there is no significant difference between KO+T1 and WT (p=0.4941). 
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Exercise 4: Correlation 
Roe deer 

• Is there a relationship between parasite burden and body mass in roe deer? 

• For this we can look at correlation or linear regression – although we want to do a 
correlation as our test, linear regression can give us some more options to explore 
our data, and gives us a line of best fit. Linear regression gives us R2 and a p-value 
for whether the slope is non-zero (the same p as from the correlation), although it 
does not directly give us Pearson r. 
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• Answer: There is a negative correlation between parasite load and fitness but this 
relationship is only significant for the males (r = -0.7504, p = 0.0049 vs. females: r =  
-0.3020, p = 0.2940).  

Exam anxiety 

• Is there a relationship between time spent revising and exam anxiety? And, if yes, 
are males and females different? How good is the model? 

• From plotting our data, we can see there are potentially a couple of outliers. We 
could run the correlation straight away, however this gives us very limited options to 
learn more about our data.  
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• If we run a non-linear regression, but choose a linear model this gives us many more 
options, including normality testing and outlier identification. 
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• This shows that our data are not normal and there are clearly outliers. The test 
found three outliers, however from looking at our data, one of them does not look 
particularly far removed. If we instead just remove the two worst looking outliers, 
we can see that our data are now passing normality tests and follow the QQ plot 
line more closely.  
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• In this case, the outliers are meaning our data are not normal and they are far 
removed from the rest of the data, so I opted to remove. Removing them also 
greatly increases the goodness of fit, particularly in males where the R2 increases 
from 0.3568 to 0.6530. 

• However, how to deal with outliers can be tricky to decide, especially when it is 
not your own data and you do not have the context behind it. You should state 
how you will deal with outliers before seeing your data, and be consistent across 
experiments (i.e. do not delete them when you get a significant result without 
them and leave them in when you get a significant result with them). 

• The correlation is highly significant for both males and females (p<0.0001) 
so we can conclude that there is a negative correlation between anxiety and 
revision (Pearson r = -0.8737 and -0.8081 for females and males, 
respectively).  

• However, the slope for the line of best fit is significantly different between males 
and females, indicating that for each point increase in revision, females tend to 
reduce anxiety by more than males.  
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Exercise 5: Non-parametric 
Oxbridge rivalry: smelly T-shirts [Mann-Whitney] 

• Study: Two groups of Cambridge University students are presented with one of two 
worn T-shirts with university logos. Disgust score: 7 = most disgusting. Can 
Cambridge students tell the difference between T-shirts from Oxford or Cambridge?  

• As this is a non-parametric test, need to select ‘t tests (and nonparametric tests)’ in 
analysis menu 

• Answer: Cambridge students can tell the difference between Oxford and Cambridge 
(U = 5, p = 0.0037).  

Cambridge Oxford
0

1

2

3

4

5

6

7

S
c
o

re
s
 (

M
e
d

ia
n

)

  

• What do you think about the design? 
o The biggest flaw is that the T-shirts had logos on, meaning the study is not 

blinded, and subject to bias. It seems likely that the students rated the Oxford 
t-shirts worse because they had the logo on, rather than anything to do with 
the smell. A paired design would also have been better. 

Botulinum [Wilcoxson paired] 

• Question: do botulinum toxin injections reduce muscle spasticity levels?  

• Answer: There was a significant difference pre- and post- treatment in ratings of 
muscle spasticity (W = -45, p = 0.0039). 
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Creatine [Kruskal-Wallis] 

• Question: does the average weight gain depend on the creatine group to which 
people were assigned? Explore the data and answer the question with a non-
parametric approach. 
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• It looks like the outlier in the ‘once’ group might be too high to be plausible, so should 
probably be removed but below are the results both including and excluding the 
outlier. If these were your own data, you would know if it was plausible and could 
check whether there were any errors in measurement, etc. The outlier should not 
be excluded just because there is a significant result after it is removed. 

• Results (with outlier):  
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• Results (without outlier):  
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Violin [Friedman] 

• An auction house is putting three violins, A, B, and C, up for bidding. Ten violinists 
are blindfolded are asked to rate the instruments and each player plays the violins in 
a randomly determined sequence (BCA, ACB, etc.). 

• After each violin is played (Instructor), the violinist (Rater) rates the instrument on a 
10-point scale of overall excellence (Likert: 1=lowest, 10=highest). 
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• Question: which violin is the best according to the 10 violinists? 
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• There is a significant difference between the three violins (p=0.0033), with 
violin A being ranked higher than violin C (p=0.0052). 

 

Dominance [Spearman Rank] 

• Six male colobus monkeys ranked for dominance and the eggs of Trichirus 
nematode per gram of monkey faeces measured. Is social dominance associated 
with parasitism? 
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• Answer: the relationship between dominance and parasitism is significant (ρ = -0.94, 
p = 0.017) with high ranking males harbouring a heavier burden.  
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Exercise 6: Categorical/qualitative 
Cats & dogs 

• Run a test for dogs & compare to cats, graphically represent results for both 
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• Answer: Odds Ratio = 1.065. If you are a dancing dog, you are pretty much as likely 
to have received food than affection as a reward (p>0.99). This is a contrast to cats, 
who are more likely to dance having received food.  

 

Cane toads 

• Is the proportion of cane toads infected by intestinal parasites the same in 3 different 
areas of Queensland? Produce graphical and statistical answers. 
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o Answer 1: The proportion of cane toads infected by intestinal parasites varies 
significantly between the 3 different areas of Queensland (p=0.0015), the 
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animals being more likely to be parasitized in Rockhampton and Mackay than 
in Bowen. 

• Is the proportion of infected cane toads different in Bowen than in the other 2 areas? 

• For this, we need to run 3 separate tests to get results for the individual comparisons 
(i.e. Rockhampton vs Mackay, Rockhampton vs Bowen, and Mackay vs Bowden), 
then add the resulting p-values to a column table and select “Analyse a stack of P 
values” to get multiple comparison corrections: 
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o Answer 2: The proportion of cane toads infected by intestinal parasites is 
significantly lower in Bowden than Mackay and Rockhampton (adjusted 
p=0.0035 and 0.0445, respectively).   
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Exercise 7: Mixed 
Iris flowers 

• You want to know whether the mean petal length of iris flowers differs according to 
their species. You find two different species of irises growing in a garden and 
measure 25 petals of each species.  

• This looks very clear cut, so you hardly need to do stats at all! However, to follow the 
process, the data look like they might be deviating a little from normality, with the 
Virginia species being fairly skewed and them failing three of the normality tests. The 
QQ plot doesn’t look too bad but I have opted for non-parametric to be safe – in this 
instance either is going to give a highly significant result anyway. 

• Answer: the Virginica species of iris has significantly longer petal length than the 
Setosa species (P<0.0001) 
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• You want to know whether the mean petal length of iris flowers correlates with the 

mean sepal length in the virginica species.  

• Again, we want to plot our data – there looks to be a strong outlier so we will test for 
this, by selecting nonlinear regression and fitting a straight line, so we can add the 
option to report outliers.  
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• As expected, the outlier has been detected, and the data are failing normality tests. 

In this case, the raw data is in the raw.data tab in the Excel file, and we can see that 
this outlier actually comes from another species of iris. We can comfortably remove 
that outlier, knowing it was there due to a copying error.  
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• After removing the outlier, the data look much more normal, and we can continue to 

calculate the correlation. There is a significant relationship between petal length 
and sepal length (ρ=0.89, p<0.001). 

 

Recycling 

• A city wants to encourage more of its residents to recycle their household waste. The 
city decides to test two interventions: an educational flyer (pamphlet) or a phone call. 
Which intervention should the city use to maximise household recycling? 
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• Answer: There is a significant difference between our groups (p=0.0075). Both 
interventions are significantly better than the control group (adjusted p=0.0356 for 
both). Therefore, choice of intervention should come down to other considerations, 
incl. cost, resources, time, etc.  

 

Income data 

• You are a social researcher interested in the relationship between income and 
happiness. You survey 500 people whose incomes range from 15k to 75k and ask 
them to rank their happiness on a scale from 1 to 10. 

• Generate a linear model describing the relationship between income and happiness 

• How happy would you expect someone earing 50k to be, based on your model? 
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• Answer: From the linear regression happiness = 0.20 + 0.71*income(x10-4) [y-int + 

slope*income] so if earning 50k, happiness = 0.2 + 0.71*5 = 3.75. 
 

Coffee – part 2 

• You enjoyed your previous coffee so much that you decide to do some more 
research, this time looking at which country the beans came from. Your local coffee 
shop only sells beans from Ethiopia, Costa Rica, China, and Indonesia – which 
beans should you buy? 
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• This dataset again has a question of whether or not to remove outliers. In this case, it 
seems likely that the outliers are real results, as they are not implausible and it is 
based on a scoring system. Therefore, doing the analysis with the outliers included is 
probably preferable, unless there is a reason to exclude them or there was a plan to 
exclude any identified outliers set prior to data analysis.  

With outliers 

• Including the potential outliers, the data fail normality tests and, although the QQ plot 
doesn’t look too far off, it doesn’t seem to follow the line as well as we would like, 
particularly with the potential outlier. Also, given that this is based on a scoring 
system, where non-parametric tests are often used, I have opted for a Kruskal-Wallis 
test.  
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• Answer: Coffee beans from Ethiopia receive significantly higher scores than those 
from China (p=0.025), Costa Rica (p<0.0001), and Indonesia (p<0.0001). There are 
no significant differences between the scores for the other three countries.  
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Without outliers 

• For completeness, I have included the analysis including the outliers below, this time 
using a parametric approach as the data look more normal with the outliers removed. 
We get very similar results using both approaches, so can be confident that our 
approach is not impacting the results.  

• Answer: Coffee beans from Ethiopia receive significantly higher scores than those 
from China (p=0.0037), Costa Rica (p<0.0001), and Indonesia (p<0.0001). There are 
no significant differences between the scores for the other three countries.  
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