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1 Introduction & Learning Objectives



Data Quality Matters

Garbage In, Garbage Out

The quality of data directly impacts the quality of 
data mining results; flawed data leads to flawed 
outcomes. Therefore, data quality is important.

Understanding Data Nature

Before applying any mining algorithm, it is 
crucial to understand the characteristics and 
nature of the data being used. This ensures 
appropriate methods are applied.



Learning Objectives

01 Classifying Data Types

Learn to classify data into different attribute 
types: nominal, binary, ordinal, and numeric 
data.

02 Distinguishing Data Types

Learn the differences between discrete and 
continuous data and their implications for 
analysis.

03 Computing Basic Statistical Measures

Learn to compute and interpret basic statistical 
measures for effective data description, leading 
to better insights.

04 Visualizing Data Statistics

Gain the ability to visualize basic data statistics 
for enhanced understanding and communication 
of key data features.



2 Data Types (Attribute Types)



Attribute Definition

Attribute Explained

An attribute (or 
feature/variable) is a data 
field representing a 
characteristic of a data 
object, such as 
temperature, color, or ID. 
Attributes are 
fundamental.



Nominal Attributes: Categories Without Order

Operations on Nominal Attributes

Only equality (=) and inequality (≠) operations 
are meaningful for nominal attributes; mode is 
the only central tendency measure. No 
arithmetic operations apply.

Definition of Nominal Attributes

Nominal attributes are categories, names, or 
labels with no inherent order; examples include 
colors, cities, or employee IDs.

Meaningless Averages

Note that calculating an "average city" or 
comparing IDs (ID1 < ID2) does not make sense 
for nominal data. Labels are not comparable.





Binary Attributes: Two Categories

Operations on Binary Attributes

Similar to nominal attributes, but special 
similarity measures like the Jaccard coefficient 
exists for asymmetric binary attributes. Similarity 
calculation expands possibilities.

Definition of Binary Attributes

Binary attributes are a special case of nominal 
attributes with only two categories, such as 
gender (Male, Female) or a medical test result 
(Positive, Negative).

Symmetric vs. Asymmetric Binary Attributes

Types of Binary Attributes: Symmetric states are 
equally valuable, whereas asymmetric attributes 
have one state that is more significant or rare.





Ordinal Attributes: Meaningful Order

Definition of Ordinal 
Attributes

Values have a meaningful 
order or ranking, but 

differences between values 
are not quantifiable, e.g., 

education level or 
satisfaction rating. Prioritize 

ordering for analysis.

Key Point: Quantifying 
Differences

While we know Excellent > 
Good, we cannot say how 
much better it is numerically 
for ordinal data; quantify 
difference for more insights.

Operations on Ordinal 
Attributes

Comparison operators (<, >) 
are meaningful; median and 
percentile are valid 
measures of central 
tendency. Comparisons are 
valid for ordered data.
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Numeric Attributes: Quantitative Data

01 Interval-Scaled Attributes

Interval-scaled attributes have meaningful 
differences, but no true zero point, e.g., 
temperature in °C or °F. Ratios are not 
meaningful.

02 Ratio-Scaled Attributes

Ratio-scaled attributes have a true zero point; 
ratios are meaningful, examples include height, 
weight, and age; all arithmetic operations are 
valid. Calculate valid ratios.

03 Definition of Numeric Attributes

Numeric attributes are quantitative; values are 
real numbers where arithmetic operations make 
sense. Calculation operations are valid.

04 Discrete vs. Continuous Attributes

Discrete attributes have a finite or countably 
infinite set of values, while continuous attributes 
are real numbers with potentially infinite values 
within a range. Analyze value set.





3 Statistics of Data (Descriptive Statistics)



Purpose of Statistics: Understand Data Behavior

Understand General Behavior

Summarize and understand the general behavior of data before mining to gain 
valuable insights and prepare data for effective analysis. Describe behavioral 
indicators.



Measuring Central Tendency

Mode

The most frequent value(s), applicable to all 
attribute types (nominal, ordinal, numeric); a 
dataset can be unimodal, bimodal, or 
multimodal. Report all frequency measures.

Mean (Average)

Applicable to numeric data but sensitive to 
outliers; for example, the mean salary in a 
company can be skewed by one CEO's high 
salary. Exclude or adjust outliers.

Median

The middle value when data is sorted, robust to 
outliers, applicable to ordinal and numeric data; 
for an even number of observations, it is the 
average of two middle values. Compute robust 
measure.









Measuring Dispersion (Spread)

Range Max - Min; is simple but highly sensitive to outliers, thus the IQR is 
more typically used. Consider IQR as a potential countermeasure. 

Variance s2 and 
Standard Deviation s 

Measure the average squared deviation from the mean; standard deviation 
is in the same units as the data and easier to interpret; low deviations 
means data points are close to the mean. Calculate average squared 
deviation. 

Interquartile 
Range (IQR)

IQR = Q3 - Q1, where Q1 is the 25th percentile and Q3 is the 
75th percentile. The range of the middle 50% of the data. 
Robust to outliers. Used in box plots. Filter out outliers.













Covariance and Correlation Analysis

Covariance

Measures how two numeric variables change 
together; the sign indicates direction: positive = 
variables move together, negative = they move 
inversely; magnitude is scale-dependent. 
Assess variables together.

Correlation Coefficient (Pearson's r)

Normalized covariance, ranging from -1 to +1; 
+1 is a perfect positive linear relationship, 0 is 
no linear relationship, -1 is a perfect negative 
linear relationship; does not imply causation. 
Correlation is not Causation.















Graphic Displays of Basic Statistics

01 Box Plot (Box-and-Whisker Plot)

Visually displays: Min, Q1, Median, Q3, Max, 
and Outliers; excellent for comparing 
distributions across groups. Visualize and 
compare data.

02 Scatter Plot

For two numeric variables, revealing 
relationships, clusters, outliers for enhanced 
data interpretation. Expose underlying 
relationships.

03 Histogram

For numeric data, visualizing frequency 
distribution and revealing skewness and 
modality. Reveal distributions.

04 Bar Chart / Pie Chart

For categorical data (nominal/ordinal) charting to 
show distributions. Clearly show distributions.



















4 Summary, Implications for Data Mining & 
Preview



Why This Matters for Data Mining

Algorithm Choice

K-means requires numeric data; decision trees 
can handle nominal data; choose the 
appropriate algorithm based on data type. 
Consider data when choosing.

Data Preprocessing

Choose correct normalization; you must know 
the data type to choose correct normalization 
(e.g., min-max for numeric, one-hot encoding for 
nominal). Normalize based on data type.

Error Detection

Understanding statistics helps spot anomalies 
(e.g., a negative age) before mining; detect and 
correct errors early for data accuracy. Identify 
potentially incorrect data.


