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Abstract

Machine learning is providing methodology and technology for enhancing 
real-world applications in a wide range of areas and in several commercial 
applications. We present a multi-institutional project for teaching core 
Artificial Intelligence (AI) topics through a unifying theme of machine 
learning. A total of 26 adaptable, hands-on laboratory projects have been 
developed that can be closely integrated into introductory AI courses. This 
is a collaborative effort involving several faculty members working on the 
development of the material and also on its implementation and testing.  
Each project involves the development of a machine learning system in a 
specific application. The applications span a large area including network 
security, recommender systems, game playing, web document 
classification, vision, bioinformatics, pattern recognition, and data mining. 
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Project MLeXAI Goal

 The goal is to develop an adaptable framework for the 
presentation of core AI topics through a unifying theme of 
machine learning.  A suite of hands-on term-long projects are 
developed, each involving the design and implementation of a 
learning system that enhances a commonly-deployed 
application.  

 Applications span a large area including network security, 
recommender systems, game playing, robotics, cryptography, 
computer vision, web document classification, data integration 
in databases, bioinformatics, pattern recognition, and data 
mining. 
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Project MLeXAI Objectives

 Enhance student learning experience in AI by implementing a 
unifying theme of machine learning to tie together core AI 
topics.

 Increase student interest and motivation to learn AI by 
providing a framework for the presentation of the major AI 
topics that emphasizes the strong connection between AI and 
computer science.

 Highlight the bridge that machine learning provides between AI 
technology and modern software engineering. 

 Introduce students to an increasingly important research area, 
thus motivating them to pursue further study in this area. 
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Features of MLeXAI Projects

 Teaching AI with hands-on experiments.

 Common features in different AI fields are unified through the 
theme of machine learning. 

 Emphasis on application of ideas through implementation with 
implementation of concepts being central to the learning 
process.

 Design and implementation of learning systems.

 Practical approach that includes real-world applications.

 Easily adaptable and customizable.

 Various emphases, backgrounds and prerequisites that can 
serve different goals within the general framework of teaching 
AI.
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Sample MLeXAI Projects

 Web Document Classification: Investigates the process of 
tagging web pages using a topic directory structure and applies 
machine learning techniques for automatic tagging.

 Data Mining for Web User Profiling Using Decision Tree 
Learning: Focuses on the use of decision tree learning to create 
models of web users.

 Character Recognition Using Neural Networks: Involves the 
development of a character recognition system based on a 
neural network model.
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Sample Project: Web Document Classification

Goal

To investigate the process of tagging web pages using the topic 
directory structure and apply machine learning techniques for 
automatic tagging.  www.dmoz.org (The Open Directory 
Project)

http://www.dmoz.org/
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Sample Project: Web Document Classification

Project Phases

 Data collection – collecting a set of 100 web documents grouped  by 
topic.  Will serve as training set.

 Feature extraction and data preparation – web documents will be 
represented by feature vectors, which in turn are used to form a 
training dataset for the Machine Learning stage.

 Machine learning – applying learning algorithms to create models of 
the datasets.  Using these models the accuracy of the initial topic 
structure is evaluated and new web documents are classified into 
existing topics.

 Analysis – identifying relations between approaches used in the project 
and AI areas of search and knowledge representation and reasoning.
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Sample Project: Web Document Classification

Phase I – Data Collection

 Use a topic directory structure such as dmoz.org.

 Identify topics, each of which is well represented by a set of
documents. Identify 20 web documents for each of the 5 topics.

 As these documents will be used for learning and classification
experiments at a later stage, they must form a specific structure (part
of the topic hierarchy).

 Each page must have enough keywords that represent the topic.

 Good to have topics at different levels of the topic hierarchy and with
different distances from them.

 Could also use a Web crawler to collect the Web pages.   WebSPHINX 
(free open source), a customizable Web crawler available at 

http://www-2.cs.cmu.edu/~rcm/websphinx/

http://www-2.cs.cmu.edu/~rcm/websphinx/


NSF Showcase, SIGCSE 2016, March 2-5, 2016, Memphis, TN

Sample Project: Web Document Classification

Phase I – Data Collection: Topic Structure

Topic 1 Topic 2 Topic 3
Computers: Artificial Intelligence: Machine Learning
Topic 1 Topic 2         Topic 4

Computers: Artificial Intelligence: Agents
Topic 1 Topic 5 Topic 6

Computers: Algorithms: Sorting and Searching
Topic 1 Topic 7     Topic 8

Computers: Multimedia: MPEG
Topic 1      Topic 9

Computers: History

http://www.dmoz.org/Computers/
http://www.dmoz.org/Computers/Artificial_Intelligence/
http://www.dmoz.org/Computers/
http://www.dmoz.org/Computers/Artificial_Intelligence/
http://www.dmoz.org/Computers/
http://www.dmoz.org/Computers/Algorithms/
http://www.dmoz.org/Computers/
http://www.dmoz.org/Computers/Multimedia/
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Sample Project: Web Document Classification

Phase II – Feature Extraction and Data Preparation

 Web documents will be represented by feature vectors, to be
used to form a training dataset for the machine learning stage.
 Keyword (term) selection based on term frequencies.
 Creating feature vectors – Boolean-based.

 Creating data files for the Weka ML system.
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Sample Project: Web Document Classification

Words Frequency Words Frequency Words Frequency Words Frequency Words Frequency

and 10 the 97 the 36 2 60 the 65

you 6 of 45 of 31 the 39 of 32

to 5 and 34 to 17 data 20 in 27

is 5 is 31 in 16 of 20 is 26

in 5 to 27 n 13 The 18 a 24

code 4 1 26 Flashsort 12 1 17 n 20

Visual 4 a 25 is 12 a 16 to 18

are 4 data 23 a 9 and 15 quicksort 18

for 4 63 21 k 9 for 15 i 16

section 4 in 21 A 9 l 14 case 15

of 4 27 20 The 8 sort 13 element 15

Basic 4 64 20 L 7 to 12 j 13

The 4 9 20 time 7 gap 12 x 12

a 4 number 19 be 6 is 11 sequence 11

algorithms 4 14 19 permutation 6 with 11 and 11

C 3 72 19 and 6 table 10 elements 11

that 3 58 19 elements 6 ordered 9 worst 10

sorting 2 sort 18 cycle 6 sequences 8 are 9

dictionaries 2 be 18 m 6 0 7 by 8

this 2 pass 15 vector 5 gapidx 7 log 8

Source 2 The 15 for 5 input 7 that 8

may 2 it 15 by 5 count 7 part 8

be 2 It 15 algorithm 5 random 6 than 8

This 2 with 14 an 5 factor 6 The 8

language 2 performance 12 in-situ 5 are 6 equal 7

source 2 sorting 12 are 4 comb 6 it 7

structures 2 algorithm 12 new 4 N 6 as 7

files 2 then 11 algorithm 4 tooth 5 time 7

with 2 sorted 11 that 4--------------------------------------------------------------------------------5 average 7

document 2 that 11 Neubert 4 beach 5 lo 6

programming 2 are 11 page 3 it 5 be 6

I 2 algorithms 10 find 3 in 5 comparison 6

data 2 will 10 sorted 3 roughly 5 or 6

the 2 elements 10 sorting 3 be 5 two 6

If 2 through 9 small 3 switchCnt 4 Figure 6

operations 1 sort 9 leaders 3 current 4 recursion 6

just 1 for 9 codes 3 from 4 parts 6

including 1 can 8 O 3 pre-defined 4 hi 6

thanks 1 its 8 step 3 end 4 all 5

go 1 small 8 number 3 domain 4 sorted 5

high-level 1 exchanges 8 array 3 83 4 first 5

restrictions 1 all 7 length 3 array 4 int 5

whose 1 on 7 bits 3 than 4 2 5

Hash 1 element 7 with 3 items 4 on 5

nervous 1 one 7 at 3 turtles 4 algorithm 5

send 1 Data 7 tag 3 as 4 less 4

appreciated 1 selection 7 element 3 cliff 4 O 4

presents 1 sub-list 7 - 3 on 3 one 4

freely 1 different 7 which 3 this 3 with 4

notation 1 by 7 Karl-Dietrich 3 can 3 partitioning 4

format 1 program 6 position 3 element 3 this 4

read 1 quick 6 class 3 22 3 while 4

familiar 1 items 6 auxiliary 3 chosen 3 R 4

51 2 3 4
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Sample Project: Web Document Classification

Phase II – Feature Extraction and Data Preparation

 Creating the vector space model, a 100x100 matrix which
serves as a representation of the 100 documents.

 Creating a dataset in the ARFF format (Attribute-Relation File
Format) to be loaded into Weka.

 Weka Data Mining System is open source machine learning
software package written in Java and available at:
www.cs.waikato.ac.nz/~ml/weka/

http://www.cs.waikato.ac.nz/~ml/weka/
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Sample Project: Web Document Classification

Project Phase II – Feature Extraction and Data Preparation

,0,1,0,1,0,0,1,1,0,1,0,0,0,0,1,0,1,0,0,CompHistory

,0,0,0,0,0,0,1,1,0,0,1,0,0,0,1,0,1,1,0,CompHistory

,1,1,0,1,1,1,1,1,0,0,1,0,1,1,1,0,1,1,1,CompHistory

,0,1,0,1,0,0,1,1,0,0,1,0,0,0,1,0,1,0,1,CompHistory

,0,0,0,0,0,0,0,0,0,1,1,0,1,0,0,0,0,1,0,Search_Sort

,1,1,0,0,0,1,1,0,0,0,1,0,1,0,0,0,0,0,0,Search_Sort

,1,0,0,0,0,0,1,0,0,0,0,0,1,0,0,0,0,0,0,Search_Sort

,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,Search_Sort

,0,1,0,0,0,0,0,0,0,1,0,0,1,0,0,0,0,0,0,Search_Sort

,0,1,0,0,0,1,0,0,0,0,1,0,1,0,0,0,0,0,0,Search_Sort

,0,1,0,0,0,0,0,0,0,0,1,0,1,0,1,0,0,0,0,Search_Sort
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Sample Project: Web Document Classification

Phase III – Machine Learning

 Preprocessing and analyzing the data created in Phase II.

 Creating models of the datasets.

 Using Weka’s decision tree algorithm (J48) to examine the

decision tree generated from the dataset.

 Analyzing the decision trees generated with different datasets.

 New web document classifications.
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Sample Project: Web Document Classification

Phase III – Machine Learning

WEKA used the supplied ARFF file to develop the most accurate decision tree for predicting the 
topics of each web page as represented in the feature vector.
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The J48 Decision Tree correctly classified 87.069% of 
the pages using a 10-Fold Cross Validation.

Actual Page Classification
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===== Stratified Cross-Validation =====

Correctly Classified Inst.(101) 87.069  %

Incorrectly Classified Inst.(15) 12.931  %

Kappa statistic 0.8379

Mean absolute error 0.0633

Root mean squared error 0.2245

Relative absolute error 19.7946 %

Root relative squared error 56.1278 %

Total Number of Instances 116 

Error Analysis PlotResults

= Misclassified web pages

X= Correctly classified web pages
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Conclusion

 Results of assessment were very positive and showed that 
students had good experiences in the classes. 

 While covering the main AI topics, the course provided students 
with an introduction to and an appreciation of an increasingly 
important area in AI, Machine Learning. 

 Using a unified theme was helpful and motivating for the 
students. Students saw how simple search programs evolve into 
more interesting ones, and finally into a learning framework 
with interesting theoretical and practical properties.  
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Additional Information

 MLeXAI website: http://uhaweb.hartford.edu/compsci/ccli

 Contact: Ingrid Russell irussell@hartford.edu
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