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Chapter 3 Data summary and transformation 
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     3.1.2 Two-dimensional frequency table for two variables

     3.1.3 Multi-dimensional frequency table 

3.2 Quantitative data summary using measure

     3.2.1 Measures of single quantitative variable

     3.2.2 Measures of several quantitative variables

     3.2.3 Similarity measures of observations

3.3 Data manipulation and transformation

3.4 Dimension reduction: Principal component analysis
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3.1 Data summary using tables

❖ Frequency table for a single variable



4

❖ Frequency table for a single quantitative variable

3.1 Data summary using tables
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❖ Frequency table for two variables

3.1 Data summary using tables
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❖ Multidimensional frequency table

3.1 Data summary using tables
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❖ Multidimensional frequency table

3.1 Data summary using tables
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3.2  Quantitative data summary using measures

❖ Measures for central tendency

▪ Average(mean), median, mode, weighted average

 𝐀𝐯𝐞𝐫𝐚𝐠𝐞 =
𝒙𝟏 + 𝒙𝟐 + ⋯ + 𝒙𝒏

𝒏
=

𝟏

𝒏
 

𝒊=𝟏

𝒏

𝒙𝒊

     - population mean: µ,    sample mean: ഥ𝒙

▪ Mean is influenced by extreme points:  
     very large or  small value. 

▪ Sample mean has a good characteristic to estimate 
population mean.
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❖ Measures for central tendency

▪ Median is the value placed centrally when data is 
listed in order of size

  - Sample median m, population median M 

▪ The median is not sensitive for an extreme point.

▪ Mode is the most frequently occurred value. 

3.2  Quantitative data summary using measures
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❖ Measures for central tendency

▪ Trimmed mean compensates for the disadvantage of 
the simple mean.

   => list data in order 
   => remove certain portions of large and small values 
   => take an average of the remaining data 

▪ It is often used to prevent biased judging by referees 
in sports such as gymnastics and figure skating

▪ 𝐖𝐞𝐢𝐠𝐡𝐭𝐞𝐝 𝐌𝐞𝐚𝐧 =
𝒘𝟏𝒙𝟏+𝒘𝟐𝒙𝟐+ ⋯+𝒘𝒏𝒙𝒏

𝒘𝟏+𝒘𝟐+ ⋯+𝒘𝒏
=

σ𝒊=𝟏
𝒏 𝒘𝒊𝒙𝒊

σ𝒊=𝟏
𝒏 𝒘𝒊

3.2  Quantitative data summary using measures
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❖ Measures for central tendency

[Example] Quiz scores of seven students in a class:   
           5, 6, 3, 7, 9, 4, 8
Find the mean and median. 

<Answer>

• The sample mean is as follows:

      ҧ𝑥 = 
5 + 6 + 3 + 7 + 9 + 4 + 8

7
   = 6 

• To find the sample median, arrange data in ascending 
order 

         3, 4, 5, 6, 7, 8, 9 
• Since the sample size is an odd number, median is 

(
𝑛+1

2
)𝑡ℎ data which is (

7+1

2
)𝑡ℎ that is m = 6, 

3.2  Quantitative data summary using measures
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[Example] An Olympic Gymnastics competition was judged by eight 
referees, and their scores were as follows. 
    9.0  9.5  9.3  7.2  10.0  9.1  9.4  9.0
Find mean, median, trimmed mean excluding maximum and minimum.
<Answer>
• This data mean is is not a sample but a population. 
      µ = (9.0 + 9.5 + 9.3 + 7.2 + 10.0 + 9.1 + 9.4 + 9.0) / 8 = 9.063
• To find the median, arrange the data in ascending order.
      7.2  9.0 9.0 9.1 9.3 9.4 9.5 10.0

• Since n=8 is an even number, median is the average of (
𝑛

2
)𝑡ℎ = (

8

2
)𝑡ℎ = 

(=9.1)  and (
𝑛+2

2
)𝑡ℎ = (

8+2

2
)𝑡ℎ(=9.3).  M = (9.1 + 9.3)/2 = 9.2. 

• Trimmed mean is the average of the remaining numbers except the 
minimum of 7.2 and the maximum of 10.0.

Trimmed mean = (9.0 + 9.0 + 9.1 + 9.3 + 9.4 + 9.5) / 6 = = 9.217
• Median or trimmed better representative of the data than mean. 

3.2  Quantitative data summary using measures
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❖ Measures for dispersion

▪ Variance is the average of the squared distances from data to the 
mean, 

  - If data are spread widely around mean, variance increase
  - If data is concentrated around the mean, variance is small

✓ There are important reasons for using 
n-1 instead n when calculating the 
sample variance. 

✓ => Correct estimation for population 
mean 

3.2  Quantitative data summary using measures



14

❖ Measures for dispersion

[Example } Calculate mean and standard deviation from sample data 
      5, 6, 3, 7, 9, 4, 8.

<Answer>

• ҧ𝑥 =
5+6+3+7+9+4+8

7
= 6

• 𝑠2 =
(5−6)2+(6−6)2+(3−6)2+(7−6)2+(9−6)2+(4−6)2+(8−6)2

7−1
=

28

6
= 4.6

• 𝑠 = 𝑠2 = 4.667 = 2.16

3.2  Quantitative data summary using measures
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❖ Measures for dispersion

▪ Coefficient of variation is the division of the standard 
deviation by its mean to compare data in different units

▪ Range = maximum - minimum 
   - easy to calculate, but not a good measure if extreme points.

▪ p percentile :  there are p% of observations less than(≤) 
this value, (100-p)% of observations above(≥) this value

    - 25 percentile: 1st quartile (Q1), 75 percentile: 3rd quartile (Q3). 

▪ Inter-quartile range (IQR) = Q3 - Q1

3.2  Quantitative data summary using measures
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❖ Box-whiskers plot

3.2  Quantitative data summary using measures
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❖ Measures for  several variables

3.2  Quantitative data summary using measures
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❖ Similarity measures between observations

3.2  Quantitative data summary using measures
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3.3  Data manipulation and transformation

❖ Value label
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❖ Compute

3.3  Data manipulation and transformation
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❖ Recode: Categorize

3.3  Data manipulation and transformation



22

❖ Recode: Value

3.3  Data manipulation and transformation
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❖ Sorting

3.3  Data manipulation and transformation
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❖ Conditional selection: Select if

3.3  Data manipulation and transformation
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3.4  Dimension reduction

❖ Reducing data size using sampling

• Simple random sampling

• Stratified sampling

❖ Reducing variable size using principle component 
analysis
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❖ Principle component analysis

3.4  Dimension reduction
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Summary

◼ Categorical data summary using tables:

➢ one-dimension, two-dimension, multi-dimension frequency table

◼ Quantitative data summary using measures: 

➢ central tendency: average, median, mode, weighted average

➢ dispersion: variance, standard deviation, range, inter-quartile range 

➢ distance matrix

◼ Data manipulation and transformation: 

➢ value label, compute, recode-categorization, recode-value, sorting, 

select if

◼ Dimension reduction: sampling, principle component analysis 
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Thank you !!!
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