Quantitative methods in biology

Before the practical
· Don’t forget your LAPTOP!!!
· Download R from http://cran.r-project.org/
· Download this practical handout from the Blackboard site.
· Make sure you have some version of Excel (Open Office is fine).
· Attend the statistics lecture and check you understand the lecture Objectives. If you missed the lecture please go through the slides online before the practical.

Introduction
At the most basic level, all scientists, whether they are biologists, chemists, or physicists etc., perform science in the same way. They look at the world around them and ask questions about what they observe; they then design and perform experiments to try and answer these questions. 

We often refer to the way scientists conduct science as “The Scientific Method”. This can be simplified to a step-by-step process as follows:
1. Make an observation and use this to define a question. 
· For example: lots of students fall asleep during lectures. Does this affect their exam results?
2. Gather information about your question, i.e., what is already known about the question?
· Educational professionals have shown that students attending lectures do better in exams than students who skip lectures. However, nothing is known about students who attend lectures but fall asleep. 
3. Form a hypothesis, i.e., a proposed explanation for your observation. 
· Students who fall asleep will do worse in exams than students who do not fall asleep, because sleeping students will miss the details of the lecture. 
4. Test your hypothesis by collecting data and performing experiments. 
· Collect data on student exam results and the number of lectures they attended but slept through.
5. Analyze your data. 
· Look for a relationship between sleeping and exam results. Present your data as a graph. 
6. Interpret your data and either accept or reject your original hypothesis. 
· If you find that students who sleep have worse exam results you can accept your hypothesis.
 If the hypothesis is rejected at step 6, you can modify your hypothesis and start again at step 3.

Practical Exercises
In this practical you will follow the scientific method by making hypotheses, and collecting and analysing data to test your hypotheses. We will focus on human intra-specific (within species) and inter-sexual (between sexes) variation in finger dimensions. First you will develop some hypotheses and think about how to test these hypotheses. You will then use a computer programme called R to test your hypotheses and draw some graphs of your data.

Assessment
The assessment from this practical must be completed (in class or at home if you run out of time) before you will receive credit for attending this practical. Make sure you fill in the sections below and show these to your demonstrator before you leave. You should also show your demonstrator the graphs you have made, either on your laptop screen during the practical or on a print out if you complete the work at home.

Data Collection
Before we begin we’re going to cheat a little to save time and collect some data first. Using the rulers provided, fill in the table below. The base of each finger should be at the crease just above your palm. Measure your LEFT hand only. This table will help you collect data later in the practical, hence the “Name” and “Sex” columns. Sex should be “Male” or “Female”. Length should be measured in mm. The ratio is index finger length/ring finger length. You can calculate index:ring finger ratios using a calculator, Excel, or by using R (just type in the numbers e.g. 4/4 and press enter). 

	Name
	Sex
	Finger
	Length

	

	
	index
	

	

	
	ring
	

	
	
	ratio

	


 
To make collecting data easier later in the practical remove this page and place it on your desk. Then when you need to collect data from other classmates you can walk around and copy from these pages.

Part A: Observations and hypotheses

1. Make an observation and use this to define a question.

Look at your fingers (including your thumbs). How do they differ in length? Which of your fingers is the longest? Are they the same lengths on both hands? How do they differ from the lengths of your neighbours’ fingers? How long are they relative to the length of your palm?

Think about these questions and come up with a list of questions you might like to ask about variation in finger length below. This is a brainstorming exercise so these questions can be as silly as you like. However, you will need some sensible questions for step 3.




2. Gather information about your question
To save time, here is some information on variation in finger lengths among humans. Read this information carefully as you may need it to form sensible hypotheses below.

How is finger length determined? 

Bodily characteristics that develop in distinctly masculine and feminine ways are usually the product of sex hormones. Many features differentiate at puberty, but other sex differences are already set before birth, relative finger lengths among them. Finger length differences seem to be the result of androgens (male hormones such as testosterone or related hormones) in the womb. There are more androgen receptors on the ring finger compared to the index finger, therefore males tend to have longer ring fingers than index fingers because they exposed to more androgens in the womb.

So individuals with higher testosterone exposure in the womb have longer ring fingers than index fingers. Individuals with lower testosterone exposure in the womb have more similarly sized ring and index fingers.

Why is this interesting?

Other characteristics are also sensitive to androgens, but they are harder to measure. Scientists can therefore use finger length ratios as an indicator of the levels of exposure to androgens instead of measuring these other characteristics.

Intelligence and androgen exposure

The developing brain is also sensitive to hormones. Research suggests that prenatal testosterone slows the growth of certain areas of the left side of the brain (which controls literacy and verbal skills) and facilitates the growth of corresponding regions of the right side of the brain (which controls spatial and mathematical skills). Therefore, individuals exposed to a lot of testosterone in the womb will have more developed spatial and mathematical skills, whereas individuals exposed to less testosterone in the womb will have more developed literacy and verbal skills.

Social behaviour and androgen exposure

Androgens are also important in the development of masculine characteristics such as aggression and strength. Scientists have found that Old World monkeys, such as baboons, have a longer ring finger in comparison to the index finger, which suggests that they have been exposed to high levels of prenatal androgens. These species tend to be highly competitive and promiscuous, which suggests that exposure to a lot of androgens before birth could be linked to this behaviour. Other species, such as gibbons and many New World species, have finger length ratios that suggest low levels of prenatal androgen exposure. These species are monogamous and less competitive than Old World monkeys. Research from finger ratios may help us understand more clearly the development of human sociality and its evolutionary origins.

Summary

Some other characteristics found to be correlated with finger length ratios are summarized below. Most men have longer ring fingers (C), most women have equal finger lengths (B). Remember correlation doesn’t imply causation; having longer index fingers will not give you cancer for example! Also a lot of these studies are scientifically dubious (but kind of fun!) …



	A
	C

	Lower prenatal testosterone
	Higher prenatal testosterone

	“Feminine” characteristics
	“Masculine” characteristics

	Prone to allergies
	Prone to parasite infections

	More neurotic
	Less neurotic

	Better verbal skills
	Greater physical prowess

	Risk averse
	Risk takers

	Less aggressive
	Aggressive

	Prone to Schizophrenia
	Enhanced musical ability

	Early breast cancer
	Early prostate cancer

	High female fertility
	Prone to autism

	Low male fertility
	More hyperactive

	Early heart attack in males
	Often left-handed


3. Form a hypothesis, i.e., a proposed explanation for your observation.
Using your observations and the information above, form at least FIVE hypotheses or predictions about finger length variation in humans and list them below. NOTE: these need to be TESTABLE hypotheses or predictions. By testable, I mean you need to be able to collect the required data in a reasonable amount of time, without violating medical ethics! What data do you need to test these hypotheses?


Part B: Testing your hypotheses
 
The next two steps of the scientific method framework are (4) Test your hypothesis by collecting data and performing experiments and (5) Analyse your data. Although steps 4 and 5 of the framework are separate, they must be considered together. It is extremely important to know how you intend to analyse your data BEFORE you begin collecting data. If you learn nothing else today, remember this! If not you may collect data which is completely uninterpretable. Unfortunately this is a very common problem, especially in undergraduate thesis projects. When this happens it results in a loss of data, time, and often money. 

This leads us to a tricky question: how do I analyse my data? The simple answer is that you need to use statistics.

Note that you should have attended the earlier lecture on statistics. If you missed the lecture please make sure you go through the slides online and check your understanding by looking at the lecture Objectives. This information will help you with this practical, future practicals and throughout your career as a scientist. 

Work through the instructions below and answer the assessment questions at the end.

Quick R tips

1. Remember you can copy code from this handout and paste it directly into R, so you don’t need to type everything out if you have an electronic copy of the handout.

2. You cannot break R! If you want to know what something does, type it in and press enter. If you get an Error it doesn’t matter, just try again.

3. R is case sensitive. So be careful about capitalising words and watch carefully for typos, and missing brackets or punctuation.

4. You can use the up and down arrows on your keyboard to toggle through things you have previously typed into R. This is often quicker than typing everything in again.

5. R will ignore anything you type in after a #. So you can write comments to yourself telling you what your code is doing and R will just ignore them.


1. CHOOSING A HYPOTHESIS
In this practical we will just test one hypothesis: 
Males and females have different mean index finger:ring finger ratios.

From the information above we expect males to have longer ring fingers than index fingers (C), so their index finger:ring finger ratio should be smaller than in women who have approximately equal index and ring fingers (B).


2. HOW DO WE TEST THE HYPOTHESIS? WHAT DATA DO WE NEED?
How would you graph the data for our hypothesis? 
What data do we need to test our hypothesis? 

The easiest solution would be to have a bar chart with two bars – one for male index:ring finger ratio and one for female index:ring finger ratio. Because we can graph the data as a bar chart, and we are interested in a difference in means, we will use a t-test (see lecture for more details). We will need data on index finger and ring finger lengths from males and females.

3. DATA COLLECTION and DATA ENTRY
Collect the required data from 10 male and 10 female classmates; they should already have their measurements written down. 

Enter the data into an Excel (or similar) spreadsheet with the following column headings (Name, Sex, Finger, Length). Each row should contain the name and the sex as well as the length measurement or ratio. Sex should be “Male” or “Female”. Finger should be index, ring or ratio. Please ask a demonstrator if you are unsure how to use a spreadsheet. The picture below shows you what the spreadsheet should look like.

[image: ]

Save this file ON YOUR DESKTOP as a Tab Delimited Text File with the file name FingerData (this is an option in the “Save As” menu – makes the file “FingerData.txt”). Make sure you call the file FingerData.

[image: ]
4. INPUTTING DATA INTO R
First you need to open R. You should have already downloaded it from the internet. To open R all you need to do is double click the R icon. 

[image: ]

R is a command line programme which means you tell it what to do by typing commands (or code) into it. To use it you can type commands into the R window, or copy and paste the commands from this file. You need to press enter whenever you want it to run a command. 

You can input all your data into R as follows:

finger<-read.delim(file.choose())

read.delim is simply a command which tells R the file you want to read in is a tab delimited text file. choose.files should open up a dialog box from which you can look for your Desktop and select the file FingerData (the file with all the finger data in it). finger<- tells R that whenever you type in finger from now on you want it to look at the FingerData file you are reading in. You can look at the data by typing in the following commands:

head(finger)#this will show you the first few lines of the data
names(finger)#this will show you the names of the columns
finger#this will print out the whole dataset

[image: ]
5. LOOKING AT YOUR DATA IN R
First let’s look at all of our finger length data together. We can use the command hist to make a histogram of all the finger lengths:

hist(finger$Length)

[image: ]
Fig 1: Your histogram will look something like this

finger$Length tells R to look in the dataset finger (FingerData) and to find the column called Length. The $ is a way of showing that the column “Length” is in the dataset “finger”. 

We can modify this to just look at differences in index finger lengths:

hist(finger$Length[finger$Finger == "index"])

[] are used to subset the data so only certain bits of the data are selected. finger$Finger == "index" tells R to select ONLY the finger lengths where the column Finger is equal to "index", i.e., where the Finger in question is the index finger. (Note that the double equals sign == selects the index finger, rather than telling the computer that Finger is numerically equal to "index".) We can also look at just the finger lengths of males in the same way:

hist(finger$Length[finger$Sex == "Male"])

We can also look at just the index finger lengths of males by asking R to select finger lengths from ONLY males AND (&) ONLY index fingers:

hist(finger$Length[finger$Sex == "Male"& finger$Finger == "index"])

It is also really easy in R to change the way graphs look. Try out the following to see how the histogram changes.

hist(finger$Length, col = "green")
hist(finger$Length, col = rainbow(8))
hist(finger$Length, col = "red", xlab = "Length of finger (mm)")
hist(finger$Length, col = "blue", xlab = "Length of finger (mm)", main = "A lovely figure for you")

If you want to see a list of all the colours R has you can type:

colors()

6. SAVING YOUR GRAPHS
To save your graph, simply RIGHT click on the graph in your R window. You should see a menu bar which gives you the option to Copy as metafile. Click this. You have now copied your graph. You can then paste it into Word or Powerpoint etc. Note that this WILL NOT work with Open Office/LibreOffice, you will need to save each file separately instead using Save as metafile.

7. SUMMARY STATISTICS IN R
You can also use R to get summary statistics (mean, median, standard deviation, range etc.) for your variables. For example, to calculate the mean finger length across all of your data:

mean(finger$Length)

Or just the mean length of male index fingers:

mean(finger$Length[finger$Sex == "Male" & finger$Finger == "index"])

Standard deviations and variances are equally easy to calculate:

sd(finger$Length)#standard deviation
var(finger$Length)#variance

8. PLOTTING YOUR DATA: BAR PLOTS
R is very handy for plotting graphs. To plot a graph for our hypothesis we will first need to calculate the mean index:ring finger ratios of males and females. We can make a new variable called MaleMean to contain the mean ratio of males and a new variable called FemaleMean to contain the mean ratio of females:

MaleMean<-mean(finger$Length[finger$Sex == "Male" & finger$Finger == "ratio"])

FemaleMean<-mean(finger$Length[finger$Sex == "Female" & finger$Finger == "ratio"])

You can then make a BAR PLOT of these values. The command for a bar plot in R is barplot. 

barplot(c(MaleMean, FemaleMean)) 

The c just means that MaleMean and FemaleMean should be stuck together and plotted on the same barplot.

This barplot is clearly missing some features. You can easily add y axis labels as follows:

barplot(c(MaleMean, FemaleMean), ylab = "Mean index:ring finger ratio") 

You can add labels to the bars using name.arg:

barplot(c(MaleMean, FemaleMean), ylab = "Mean index:ring finger ratio", names.arg = c("Male", "Female"))

You can also change the colours of the bars:

barplot(c(MaleMean, FemaleMean), ylab = "Mean index:ring finger ratio", names.arg = c("Male", "Female"), col = rainbow(2))

[image: ]
Fig 2: Your bar plot should look something like this

Of course you would never present a bar plot like this in your research. You would need to add ERROR BARS to show the variation in your data. You can do this in R using the command arrows. I will not explain this here but feel free to copy and paste the code below to try it out, and ask a demonstrator if you want to know how the code works.

mybarplot<-barplot(c(MaleMean, FemaleMean), ylab = "Mean index finger length", names.arg = c("Male", "Female"), ylim = c(0,2))

[bookmark: _GoBack]MaleSE<-sqrt(var(finger$Length[finger$Sex == "Male" & finger$Finger == "ratio"])/length(finger$Length[finger$Sex == "Male" & finger$Finger == "ratio"]))

FemaleSE<-sqrt(var(finger$Length[finger$Sex == "Female" & finger$Finger == "ratio"])/length(finger$Length[finger$Sex == "Female" & finger$Finger == "ratio"]))

arrows(x0 = c(mybarplot[1], mybarplot[2]), x1 = c(mybarplot[1], mybarplot[2]), y0 =c( MaleMean+MaleSE, FemaleMean+FemaleSE), y1=c(MaleMean-MaleSE, FemaleMean-FemaleSE), code = 3, length = 0.1, angle = 90)

9. PLOTTING YOUR DATA: SCATTER PLOTS

You may also want to plot two continuous variables. To plot this kind of data we will need to use a SCATTER plot. The command for a scatter plot in R is simply plot.

plot(finger$Length[finger$Finger == "index"] ~ finger$Length[finger$Finger == "ring"])

~ or tilde, means plot index finger against ring finger, i.e., plot ring finger on the Y axis and ring finger on the X axis.

Just like with histograms and bar plots, you can modify the graph however you like. For example, to label the x axis and y axis:

plot(finger$Length[finger$Finger == "index"] ~ finger$Length[finger$Finger == "ring"], xlab = "Ring finger length", ylab = "Index finger length")

You can change the plotting symbols using pch:

plot(finger$Length[finger$Finger == "index"] ~ finger$Length[finger$Finger == "ring"], xlab = "Ring finger length", ylab = "Index finger length", pch = 3)

You can also change the colours of your plot using col as above and in the histograms section.

[image: ]
Fig 3: An example of a scatter plot

10. STATISTICAL TESTS: T-TESTS
The command for a t test in R is (unsurprisingly) t.test. It is very simple to implement. First let’s make two lists of numbers, one for male index:ring finger ratios (MaleRatio) and one for female index finger lengths (FemaleRatio)

MaleRatio <- finger$Length[finger$Finger == "ratio" & finger$Sex == "Male"]

FemaleRatio<- finger$Length[finger$Finger == "ratio" & finger$Sex == "Female"]

Then let’s do a t test:

t.test(MaleRatio, FemaleRatio)

Your results should look something like this (remember the results will be different because I have just invented some numbers and you have real data!)

What do these results mean?


1 = This line tells you what test you have just run, in this case a t test.
2 = This line shows the data you put into the test. In this case it is the variables you called MaleRatio and FemaleRatio
3 = This is the t value. The t value is what is known as the “test statistic” in a t test. This is the value you would look up in tables of significance values back in the “good old days”
4 = This is the degrees of freedom (df) for the t test. 
5 = This is the p value of the t test.
6 = This is the mean value of variable x, in this case MaleRatio
7 = This is the mean value of variable x, in this case FemaleRatio

The most important part of this output is (5) the p value. If p < 0.05 the difference between the two means is significant.

INTERPRETATION: In a t test you are asking whether the mean values of the two variables are significantly different. Here we asked if the mean value of male index:ring finger ratio was different to the mean value of female index:ring finger ratio. You can see from the p value that there is no significant difference between mean male index:ring finger ratio and mean female index:ring finger ratio.


Assessment Questions

Answer these questions on the sheets below. You will need to copy and paste any graphs into a Word document to show to your demonstrator. I recommend that you print this out after the practical and place it in your folder for future reference.

Q1: Plot the following:
a. A histogram of ring finger length for your dataset.
b. A yellow histogram showing ring finger length of FEMALES for your dataset.
c. A histogram of index finger length of MALES for your dataset with a suitable title and a colour of your choice.

Save these plots onto a Word document. Show these to your demonstrator.

(For help see 4. LOOKING AT YOUR DATA IN R)

Q2: Calculate the following:
a. The mean index finger length for your dataset.
b. The standard deviation of ring finger length for your dataset.
c. The mean ring finger length of FEMALES for your dataset.
d. The standard deviation of index finger length of MALES for your dataset.

(For help see 6. SUMMARY STATISTICS IN R)

Q3: Plot the following:
a. Make a barplot of male versus female index:ring finger ratios using your dataset.
b. Make a scatter plot of index finger length against ring finger length using your dataset.

Save these plots to a Word document. Show these to your demonstrator.

(For help see 7 and 8: PLOTTING YOUR DATA)

Q4: Perform a t test on your index:ring finger ratios data. 
a. Did you find a significant difference between male index:ring finger ratio and female index:ring finger ratio in your data? What was the p value?
b. Can you think of any potential biases e.g., problems with the way we collected the data? Or other variables we should have measured?

(For help see 10. STATISTICAL TESTS: T-TEST)


Assessment Questions 
6
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finger<-read.delim(file.choose())

head (finger) #this will show you the first few lines of the data
Name Sex Finger Length

John Smith Male index 46.28

John Smith Male ring 35.37





image6.png
RGui (64-bi

File History Resize Windows

EEl =]

IR R Console

37 Lincoln Male
38 Lincoln Male
39 Lincoln Male
10 Madigan Female
41 Madigan Female
42 Madigan Female

43 Mercentile Female
44 Mercentile Female
45 Mercentile Female

46 0'Neill Male
47 0'Neill Male
48 0'Neill Male
49 O'Shea  Male
50 O'Shea  Male
51 O'Shea  Male

52 Porterhouse Male
53 Porterhouse Male
54 Porterhouse Male

55 Read Female
56 Read Female
57 Read Female
58 Tanner Female
59 Tanner Female
60 Tanner Female

> hist (fingersLength)
>

«

index
ring
ratio
index
ring
ratio
index
ring
ratio
index
ring
ratio
index
ring
ratio
index
ring
ratio
index
ring
ratio
index
ring
ratio

34.66
48.02
0.72
36.06
53.78
0.67
57.98
42.25
1.37
21.02
53.08
0.40
42.04
26.74
1.57
41.75
14.52
2.88
35.63
33.38
1.07
34.40
48.95
0.70

Frequency

20

15

10

Histogram of finger$Length

T
10

T T T T 1
20 30 40 50 60

finger$Length





image7.emf
Male Female

Mean index:ring finger ratio

0.0

0.4

0.8

1.2


image8.emf
20 30 40 50

20

30

40

50

Ring finger length

Index finger length


image1.gif
High 20:4D
Index fingerlonger
than ing finger

Many studies have looked t the rlationsip between thefength o the second digt (2D) and the
Tourth (4D). A new sucy inds that women who have index fingers shortr than their ing figers
(ie., have “Low 20:4D" as shown on hand a right, above) are more kel to have athleic skils.
Most women have equal 2D:4D.





image2.png
.—I_._, ' -
/@ FICE FingerData.txt - Microsoft Excel

@_) Home Insert Pagelayout Formuias | Data | Review View
" From Access. r& \} H@ Connections & Clear I E Data Validation ~ «EE
"3 From web ' Properties G Reapply = [F= Consolidate =
s P | R e, | S| T oy | (D GO g | €ED urzmReniz)
Get External Data Connections Sort & Filter Data Tools Outline
F31 £
A B c D E [LLFE | 6 H 1 )

1 Name  Sex Finger  Length

2 JohnSmith Male index 46.28

3 JohnSmith Male  ring 35.37

4 lohnSmith Male ratio 131

5 Dawson Female index 51.79

6 Dawson Female ring 4063

7 Dawson Female ratio 127

8 Donoghue Male index 46.14

9 Donoghue Male ring 31.94

10 Donoghue Male ratio 144

11 Doolan  Female index 28.69

12 Doolan  Female ring 4045

13 Doolan  Female ratio 071

14 Doyle  Male index 27.80

15 Doyle  Male ring 45.67

16 Doyle  Male ratio 061

17 Fowler  Female index 27.80

18 Fowler  Female ring 45.72

19 Fowler  Female ratio 061

20 Gingerman Male index 54.56

21 Gingerman Male  ring 16.94

22 Gingerman Male ratio 3.22

25 >

4 FingeriataSheets” Sheers /£ /AT I

Ready |





