
STATS - DISPLAY OF DATA

In order to get a feel for our data it is very important to learn how to display the data. 
Visual representations of the data provide a large amount of information (A picture says a 
thousand words)

So let’s dive right in….

FREQUENCIES, FREQUENCY DISTRIBUTIONS and HISTOGRAMS
Frequencies
These are used for the presentation of categorical variables. Remember what these are?
These are non numerical variables… e.g. drug type, sex, place of birth. They can be 
binary or ordered. 

To summarise these we simply need to count the number of observations in each 
category - this is the frequency. We also talk about relative frequencies - this is the 
percentage of the total or the proportion of the total. Eg if 20 marbles out of 100 are blue, 
then the frequency of blue marbles is 20 and the relative frequency is 0.2 or 20%. If there 
were 40 red marbles and 40 green marbles, then we could display the data as follows..
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Pie and bar charts are the best way to display frequencies and relative frequencies.
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Frequency Distributions
These are generally used for numerical variables. They are especially useful in the context 
where there are numerous observations (>20). In this scenario the first step is to create a 
frequency distribution. If we were to look at body weight of a group of toddlers, we could 
display the data in a frequency distribution as follows

Weight (kg) Number of toddler Percentage

10- 3 6

11- 5 10

12- 7 14

13- 18 36

14- 10 20

15- 5 10

15-15.9 2 4

TOTAL 50 100.0

When constructing a frequency distribution we need to look at the entire data set and 
identify the highest and lowest values. Then we must decide if the data can be grouped 
and if so, how many groups should we use. We need 5-20groups to get the best display 
of data. This is a balance. The wider the intervals chosen, the more granularity we will 
lose. If the intervals are too narrow, the data becomes difficult to manage.

Other important criteria which must be met are as follows:
• Each group should start with a whole number
• Each group should have the same width
• There should be no gaps between the groups
• The table should be constructed in such a way that it is clear what happens to the 

observations which fall on the boundaries.. I.e. Do they fall into the group above, or 
below. This should be clear on the table above.

It is also useful to display the percentage.
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How best to display the data from a frequency distribution? Either a histogram, or a 
frequency polygon. The histogram of the above table is shown below
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Frequency polygons are less commonly used, but are commonly used when more than 
one set of data is being compared. The polygon is constructed by joining the middle 
points of the histogram bars. 
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The larger the sample, the finer the division groups can be and the more closely the 
frequency polygon will resemble the population curve.  If we could measure the entire 
population the frequency polygon would be perfectly smooth (but then we wouldn’t need 
statistics!).
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Shapes of frequency distributions.
Information about the sample can be derived by looking at the frequency 
distribution. They can be symmetrical or skewed. 

FROM microbiologybytes.com

The normal distribution is commonly referred to as a bell-curve. The data is 
distributed evenly around the centre. If the upper tail of the curve is longer than the 
lower tail, the curve is positively skewed(right shifted) and conversely if the lower 
tail is longer than the upper tail the curve is skewed to the left. Try and think about 
what types of data would produce each distribution.

Bimodal distributions occur when there are two peaks in the frequency distribution 
and typically indicates that the data are a mixture of 2 separate distributions. J-
shaped data sets are typically seen in survival/time plots. Rectangular plots are 
seen when there is a uniform distribution of data. This pattern is very rare in 
biological data for obvious reasons.

CUMULATIVE FREQUENCY DISTRIBUTIONS, QUANTILES and PERCENTILES
Cumulative Frequency Distributions
Frequency distributions indicate how data are distributed over a range of values.
Cumulative frequency distributions start at the lowest value and show how the numbers 
and percentages of individuals accumulate as the values increase.

The table below is a cumulative frequency distribution of a randomly generated number 
set of 50 observations of weight between 8 and 15 kilograms.
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Observation Cumulative 
Percentage

Weight

1 2 8.2

2 4 8.2

3 6 8.7

4 8 8.7

5 10 8.8

.. .. ..

15 30 10.0

16 32 10.0

17 34 10.1

18 36 10.1

19 38 10.2

20 40 10.3

26 52 10.9

27 54 11.2

28 56 11.2

29 58 11.3

.. .. ..

33 66 11.9

34 68 12.0

35 70 12.3

36 72 12.3

.. .. ..

45 90 14.2

46 92 14.4

47 94 14.5

48 96 14.7

49 98 14.7

50 100 14.7

Each observation represents 2% of the total distribution. The first observation is 2% of 
the distribution. The second is 4% and so on. By the time the last observation is recorded 
we have 100% of the distribution. From the table, 26 children (52%) had weights of 
10.9kg or less.
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This shows the cumulative frequency distribution of weights of 50 toddlers.

Cumulative frequency distributions are usually drawn as step functions - vertical jumps 
correspond to increases in the vertical percentages at each observed weight level. The 
curves are steep where there is concentration of data, and shallow where the data are 
sparsely distributed.

Median and Quartiles
The median is the midway value - half of the distribution lies above it and half below it. 
The median is calculated as follows

Median = (n+1)th/2 value of the recorded observations
(Where n = number of observations)

For our data set, we have 50 observations. Thus the median observation is the 51/2th 
observation i.e the 25.5th observation. We then take the 25th and the 26th observation 
and average them to find the true median.

The lower and upper quartiles can similarly be calculated and they, with the median divide 
the distribution into 4 parts.

Lower Quartile = (n+1)th/4 value of the recorded observations

Upper Quartile = 3(n+1)th/4 value of the recorded observations
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The Range of the distribution is the difference between the upper and lower values of the 
observations. In our series of weights, the range is 6.5kg (14.7-8.2kg).

The interquartile range is the difference between the upper and lower quartiles.

Take a look at our data set of weights.

8.2 10.0 11.3 14.1

8.2 10.0 11.6 14.2

8.7 10.1 11.7 14.2

8.7 10.1 11.8 14.4

8.8 10.2 11.9 14.5

8.9 10.3 12.0 14.7

9.1 10.3 12.3 14.7

9.3 10.3 12.3 14.7

9.4 10.4 12.9

9.5 10.4 13.5

9.6 10.8 13.8

9.6 10.9 13.8

9.7 11.2 13.9

9.8 11.2 13.9

The median value is 10.85
The upper quartile is 13.6 and the lower is 9.65kg.
Interquartile range is 3.95kg.

Using these values we can create a box and whisker plot - which should look familiar. The 
box is drawn from the lower to the upper quartile and it’s length thus gives the 
interquartile range. The whiskers give the range of the data. 

Stats for FCA I - II Data display



The method of deriving the lower and upper quartile values and the median allows us to 
break the data into quartiles. Remember that all observations of the same value must be 
placed in the same quartile even if this means that the sizes of the quartiles differ - 
sounds counter-intuitive, but that’s just the way it is. Sorry.

Similarly we can derive percentiles, quintiles, deciles etc.

DISPLAYING THE ASSOCIATION BETWEEN 2 VARIABLES
This allows us to see visually how one variable relates to the distribution of another. There 
are a number of ways of doing this and the choice of method depends on the type of data 
we are trying to display.

Cross tabulations
Tabulation of variables in a contingency table can be done if both are categorical 
variables (non numerical). Conventionally, the rows of the table correspond to the 
exposure values and the columns to the outcomes. 

For example, if we look at where people shop for groceries in suburbs we can create a 
chart. We want to see if there is a pattern for each suburb, so the suburb is the exposure 
and the place of grocery shopping, the outcome. 

Spar Pick ‘n Pay Spaza Shop

Suburb A 20 18 12

Suburb B 32 20 8

Suburb C 18 12 10
A comparison of principle source of groceries in three suburbs

The table may make more sense if we add marginal totals and percentages.
Marginal row totals show the total number of households in each suburb and marginal 
column totals show the number of households using each grocery source.

Spar Pick ‘n Pay Spaza Shop Total

Suburb A 20 (40%) 18 (36%) 12 (24%) 50 (100%)

Suburb B 32 (53%) 20 (33%) 8 (13%) 60 (100%)

Suburb C 18 (45%) 12 (30% 10 (25%) 40 (100%)

Total 70 (47%) 50 (33%) 30 (20%) 150 (100%)

In the above table we have now added marginal row and column totals and percentages. 
The percentages must correspond to the exposure variable and not the outcome variable.

We can now interpret the data - Suburb B has the highest proportion which shops at 
Spar, while suburb A has the highest proportion shopping at Pick n Pay. We can also see 
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for example that Spaza shops were the principal source of groceries for 20% of 
households.

Scatter plots
Used to examine the relationship between two numerical variables. Scatter plots simply 
plot each observation - horizontal position is determined by the value of the first variable 
and vertical position by the value of the second variable. Conventionally the outcome 
variable determines vertical position and exposure variable the horizontal position.

Scatter plots can also be used to display the relationship between a categorical and a 
continuous variable. Some examples of scatter plots follow.

This is a scatter plot of 2 continuous variables (age and FEV1)

This scatter plot looks at a continuous and a categorical variable

The above plot shows the problem when a continuous variable is compared with a 
categorical variable on a scatter plot. There is so much clumping of data along the single 
line that the data is more or less un-interpretable on this graph. The solution to this is do 
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perform a process called “jittering” whereby the data are plotted at various points on the 
horizontal axis around the categorical variables. This is better explained in an image so 
here is one of those. Same data set, same scatter plot, but this time jittered to enhance 
readability of the graph…

Got it? Good.

DISPLAYING TRENDS AGAINST TIME
A good example of data which could be displayed in this way is the decline in child 
mortality rate. 

This graph displays decline in child mortality in various countries
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When constructing such a graph it is crucial that breaks in data sets are clearly marked 
and avoided if possible. It is also very important to choose an appropriate scale for the 
vertical axis. If the scale is wrong, then this may lead to under or overrepresentation of the 
data. An example is shown below.

Notice that this is the same data, visualised with 2 different scales. One of the graphs 
leads to misinterpretation on casual observation.

That is all for displaying data.
Next time we move on to the meat and potatoes of stats - analysis of data.

Reference and graphs:
Essential Medical Stats - Kirkwood and Sterne
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