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Graphical Representations of Datasets 

 

What is a dataset? 

Dataset: a set of n independent samples from the same probability space    𝑥1,𝑥2,…,𝑥𝑛 

 

A pictorial representation of a dataset.  The circle represents the probability space, and 

each dot is one sample.  The dataset is all of the black dots. 

Suppose our dataset is a set of 300 numbers between 96 and 350. 

Ex) 101, 96, 312, 290, 47… 

How can we represent this data? 

 

Histograms 

Plot the dataset onto an axis, dividing the dataset into intervals of equal length 

 

The short lines represent samples, while the long lines represent the boundaries between 

intervals. 

This probability distribution probably has 3 peaks, as there are three intervals in which a 

higher concentration of samples fell. 

These intervals are called bins.  Bins are almost always of uniform width. 

Formal definition of bin width: 



For a data set 𝑥1,𝑥2,…,𝑥𝑛 and m bins 𝐵1,𝐵2,…,𝐵𝑚 of equal width b, in the region from 

𝑟1 < min 𝑥1,𝑥2,…,𝑥𝑛  𝑡𝑜 𝑟2 > max 𝑥1,𝑥2,…,𝑥𝑛  ,  

𝑏=
𝑟1 +𝑟2
𝑚

 

 

𝐵𝑖is the interval (𝑟1 + 𝑖−1)𝑏,𝑟1 +𝑖𝑏] 

We can graph a height above each bin that is proportional to the number of samples that 

fell into that bin. 

 

A histogram. The horizontal lines are not a part of the histogram; they are merely a tool to 

demonstrate the relative heights above each bin. 

A histogram is such a graph.  A histogram also has the property that it is a probability 

density function.  Therefore, the total area above all of the bins must be equal to one. 

The area of the a histogram above a bin 𝐵𝑖, is  

# of  𝑥𝑗 in 𝐵𝑖

𝑛
 

And therefore the height of the histogram above 𝐵𝑖 is 

# of  𝑥𝑗 in 𝐵𝑖

𝑏𝑛
 

What if the bin widths are not uniform? 

The height of the histogram over bin 𝐵𝑖, where   𝐵𝑖  is the width of 𝐵𝑖, is 



# of  𝑥𝑗 in 𝐵𝑖

𝑛 𝐵𝑖 
 

The choice of bin width is important. 

Suppose we have a dataset {1,1,4.5,4.9,5.1,5.5,9}. 

 

This histogram has bin width b=2.  It represents the data set well. 

 

This histogram has b=5.  It does not represent the data set well: equally spaced data points 

would produce the same histogram. In this case, b is too large. 

 

This histogram has b=.1.  It does not represent the data set well: although no information is 

lost, the higher peaks tend to draw the eye, placing the emphasis on 1 and 9 rather than on 

the larger concentration in the middle. 



Rule of thumb: a good choice for bin width is: 

 𝑏= 3.49𝑠𝑛1/3, where s is the sample standard deviation 

Histograms are also sensitive to the choice of 𝑟1. 

 

This histogram demonstrates the sensitivity of histograms to shifts 

Kernel Density Estimates 

A property of histograms is that a data point within a bin has equal influence everywhere in 

that bin. For example, in the histogram with bin width 2, the height of the histogram was 2  

everywhere from 0 to 2, even though 1 was the only value that occurred.  Kernel density 

estimates have the property that each data point’s influence diminishes as the distance 

from that data point increases.  This property eliminates the shift sensitivity that is 

characteristic of histograms. 

Other properties of the Kernel density function 

¶ k: Č  and a bandwidth ℎ> 0 

¶ k is a probability density function  [𝑘 𝑢)≥0, 𝑘 𝑢)𝑑𝑢= 1
∞

−∞
] 

¶ k is symmetric around 0  [𝑘 𝑢)=𝑘(−𝑢)] 

¶ (Typically) for  𝑢 > 1, 𝑘 𝑢)= 0 

 



Some sample kernel density functions 

What can you do to make the influence of each sample wider or narrower? Alter the 

bandwidth.  

Look at the function 
1

ℎ
𝑘 
𝑡

ℎ
 . 

This function has the following properties: 

¶ It is a probability density function 
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Because 𝑘 𝑢)is a probability density function on  −1,1 , 𝑘  1)−𝑘  −1)= 1 

¶ If 𝑘 𝑢)= 0, 𝑢 > 1, then 
1

ℎ
𝑘 
𝑡

ℎ
 = 0, 𝑡 >ℎ 

 

Kernels at each of the sample points in the dataset {1,1,4.5,4.9,5.1,5.5,9} 

Add up the contributions of each kernel to produce the kernel density estimate 𝑓𝑛,ℎ(𝑡) 

𝑓𝑛,ℎ 𝑡)=  
1

ℎ

𝑛

𝑖=1

𝑘(
𝑡−𝑥𝑖
ℎ

) 

Good bandwidth: ℎ= 1.065𝑛−1/5 

Some kernel functions 
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* 𝑢 > 1, 𝑘 𝑢)= 0 does not hold 

 

 

The true probability density function 

 


