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With the advent of the World Wide Web, many business applications that utilize data mining and text mining 
techniques to extract useful business information on the Web have emerged from Web searching to Web 
mining. It is important for students to acquire knowledge and hands-on experience in Web mining during their 
education in computer science or information systems curricula. In this paper, we report our experience in using 
open Web APIs that have been made available by major Internet companies (e.g., Google, Amazon, and eBay) 
to teach Web mining in classrooms. After reviewing related background in Web mining, open Web APIs, and 
Web mining education, we describe the details of the class project and provide sample codes and 
implementation. Four sample Web mining systems developed by students using selected open Web APIs are 
also presented. Overall, the class project achieved its objectives and students acquired valuable experience in 
leveraging the power of the APIs to build important and interesting Web mining applications. 
 
Categories and Subject Descriptors: D.2 [Software Engineering]; H.3.1 [Content Analysis and Indexing]; 
H.3.3 [Information Search]; H.3.5 [Online Information Services]; H.5.4 [Hypertext/Hypermedia]; K.3.2 
[Computer and Information Science Education]. 
General Terms: Design 
Additional Key Words and Phrases: Web mining, Web computing, education, open Web APIs  
________________________________________________________________________ 
 
1. INTRODUCTION  

The World Wide Web has become an indispensable part of many business organizations. 

A large number of companies have used the Web as a source of knowledge, a door to 

their customers, a medium for advertisements and marketing, and a vehicle for 

reengineering their business processes. In order to effectively utilize the power of the 

Web, information technology (IT) professionals need to have sufficient knowledge and 

experience in various Web technologies and applications. Traditional education in 

computer science and information systems curricula may address these areas to some 

extent, but is definitely not sufficient. In recent years, new courses in Internet- and Web-

related topics have been offered in many universities around the world to better equip 

students with such knowledge. These include basic courses such as Internet networking, 

Internet application development, Web search engines, and so forth. More advanced 
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topics, such as Web mining, are also becoming increasingly important. Web mining, 

defined as the use of data mining, text mining, and information retrieval techniques to 

extract useful patterns and knowledge from the Web [Etzioni, 1996; Chen & Chau, 

2004], has been frequently used in real world applications, such as business intelligence 

[Chau et al., 2002], Website design [Fang et al., 2006], and customer opinion analysis 

[Liu et al., 2005]. It is imperative for students to acquire knowledge and hands-on 

experience in Web mining applications. 

However, building a Web mining application or a Web services application from 

scratch is not an easy task that every student could complete in a semester. One way of 

allowing students to acquire the practical training needed while keeping the amount of 

work reasonable is through the use of existing resources or software packages [Chau et 

al., 2003]. Many large companies such as Google, Microsoft, Amazon, and eBay are 

opening access to their search services and data through open Application Programming 

Interfaces (APIs). These services allow organizations to use the Web more effectively by 

sharing applications and data. They also allow developers to build applications more 

easily by having access to such shared resources. In education, these APIs provide an 

ideal playground for students to gain some practical skills in Web mining techniques. 

In this paper, we report our experience designing a Web mining class project based on 

open Web APIs for students in a graduate-level course at the University of Arizona. In a 

group project for the class, students were required to design and implement a Web 

mining application using the open Web APIs provided by Google, Amazon, and eBay. 

The rest of the paper is organized as follows. In Section 2, we review the background for 

this paper, including Web mining research, open Web APIs, and education in software 

development and Web mining. In Section 3, we discuss the objectives and design of our 

class project. Some sample source codes are also given for illustration. Section 4 presents 

four sample systems that were developed by the students in the project for different 

application domains. Lastly, in Section 5 we discuss our conclusions and outline some 

suggestions for future research. 

2. BACKGROUND 

In this section, we first provide an overview of the research in the area of Web mining 

and its applications in solving business problems.  

2.1 Web Mining 

Since the advent of the Internet, many studies have investigated the possibility of 

extracting knowledge and patterns from the Web because it is publicly available and 

contains a rich set of resources. Many Web mining techniques are adopted from data 



mining, text mining, and information retrieval research [Etzioni, 1996; Chen & Chau, 

2004]. Most of these studies aimed to discover resources, patterns, and knowledge from 

the Web and Web-related data (such as Web usage data or Web server logs). 

Web mining research can be classified into three categories: Web content mining, 

Web structure mining, and Web usage mining [Kosala & Blockeel, 2000]. Web content 

mining refers to the discovery of useful information from Web contents, including text, 

images, audio, video, etc. One example of Web content mining research is resource 

discovery from the Web [Cho et al., 1998; Chakrabarti et al., 1999; Chau & Chen, 2003], 

including research on spiders and crawlers. Web document categorization and clustering 

are also important topics in Web content mining research. These are often used for post-

retrieval analysis of search engine results [Zamir & Etzioni, 1999; Chen et al., 2003]. 

Information extraction from Web pages also falls into the category of Web content 

mining [Hurst, 2001].  

Web structure mining studies the model underlying the link structures of the Web. 

Such models have been widely used to infer important information about Web pages. 

Web structure mining has been largely influenced by research in social network analysis 

and citation analysis (bibliometrics). Citations (linkages) among Web pages are usually 

indicators of high relevance or good quality. We use the term in-links to indicate the 

hyperlinks pointing to a page and the term out-links to indicate the hyperlinks found in a 

page. Usually, the larger the number of in-links, the better a page is considered to be. The 

rationale is that a page referenced by more people is likely to be more important than a 

page that is seldom referenced.. In addition, it is reasonable to give a link from an 

authoritative source (such as Yahoo) a higher weight than a link from an unimportant 

personal homepage. Web structure mining has been used for search engine result ranking 

and other Web applications, with PageRank [Brin & Page, 1998] and HITS [Kleinberg, 

1998] being the most widely used. 

Web usage mining focuses on using data mining techniques to analyze search logs or 

other activity logs to find interesting patterns. A Web server log contains information 

about every visit to the pages hosted on the server, such as files requested, user’s IP 

address, and timestamp. By performing analysis on Web usage log data, Web mining 

systems can discover knowledge about a system’s usage characteristics and the users’ 

interests. Such knowledge has various applications, such as personalization and 

collaboration in Web-based systems, marketing, Website design, Website evaluation, and 

decision support [Armstrong et al., 1995; Chen & Cooper, 2001; Marchionini, 2002; 

Fang et al., 2006].  



2.2 Open Web APIs 

The Web no longer contains merely static pages and contents. Powered by modern 

database technologies, network technologies, and computational ability developments, 

many Websites provide sophisticated services to customers. By viewing the service 

provided by a Website as an application [Baresi et al., 2000], the different Website 

functionalities can be considered different modules of the application. The concept of 

Web APIs enables direct access to these modules from the client side or a third party’s 

Website. In that case, a browser is not necessary for using the services provided by the 

Websites. The functions provided by a Website can be integrated into a third party’s 

Website or software package, which is transparent to the end users. Currently, more than 

200 Websites have published Web APIs for access to their services [ProgrammableWeb, 

2006]. The idea is to leverage third party efforts on value-adding services and GUIs, so 

that the Website can focus on and enlarge the usage of its core service. 

Many of the open Web APIs are constructed based on the Web services architecture. 

Some of them have been wrapped into libraries written in Java, .NET, JavaScript, etc., 

which hide the detailed Web services protocols from the developers and make it easier 

for the developers to use. Web services are a technique developed to support inter-

platform function calling. Before the emergence of Web services, several similar 

techniques were used in different contexts, such as Remote Procedure Call (RPC), 

Common Object Request Broker Architecture (CORBA), Component Object Model 

(COM), Distributed Component Object Model (DCOM), Remote Method Invocation 

(RMI), and Messaging [Nandigam et al., 2005]. In comparison with its predecessors, 

Web services are based on XML (Extensible Markup Language) and HTTP (Hypertext 

Transfer Protocol), which provide better platform and language independent 

interoperability. Both the requests to the Web application and the responses from the 

Web application are packaged into XML format and transferred using HTTP through the 

Internet [Roy & Ramanujan, 2001]. The implementation details of the server side are 

hidden from the users/third party developers, but the interfaces are publicly available. 

The users/third party developers have flexibility to select the client side development 

platform and language. The structured input/output information in XML format can be 

easily presented in user interfaces developed by the third party. The structured data 

acquired from the Web application can also be used for further data mining analysis. 

The companies that open Web APIs to the public belong to several different 

categories, such as Web search (e.g., Google and Yahoo), chat and messaging (e.g., MSN 

and AOL), geographic map (e.g., NASA, Google Maps, Yahoo Map, and Microsoft 



MapPoint), e-commerce (e.g., Amazon, eBay, and Paypal), shipping (e.g., FedEx and 

UPS), and others (e.g., BBC and Skype). In the following we describe the three sets of 

open Web APIs that are most relevant to the current paper, namely Amazon, eBay, and 

Google.  

2.2.1 Amazon. As a leader in e-commerce, Amazon Web Services offers a variety of 

Web services that allow developers to build businesses based on Amazon’s data. Such 

Web APIs include access to Amazon’s product data and e-commerce functionality 

(Amazon E-Commerce Service) and access to Amazon’s sales history data (Amazon 

Historical Pricing). Amazon also provides Web Services for access of storage (Amazon 

S3), queue (Amazon Simple Queue Service), and Web search (Alexa Web Search 

Platform) [Amazon, 2006]. 

Amazon E-Commerce Service is based on SOAP (Simple Object Access Protocol) 

and WSDL (Web Service Description Language) standards [Curbera et al., 2002]. In 

addition, Amazon provides a REST protocol for access. With this set of APIs, developers 

can access many features of the Amazon E-Commerce functionality. It provides detailed 

product attributes, images, pricing information, and customer reviews for virtually all 

products across every product category in the Amazon.com product catalog. Using this 

set of open Web APIs, developers can perform complex search functions on the available 

products in Amazon’s virtual market. Amazon E-Commerce Service also provides 

interface to access the customers’ wish lists. With access to the products, reviews, wish 

lists, and so forth, developers can easily build e-commerce Websites to market their own 

products and perform transactions through Amazon. It is also possible to use this 

information to create value-added applications [Zadel & Fujinaga, 2004]. To use Amazon 

E-Commerce Service, developers need to create a free Amazon Web Service account. 

The usage of the service is restricted to one call per second per IP address.  

The Amazon Historical Pricing service gives developers programmatic access to the 

actual sales data for books, music, videos, and DVDs (as sold by third party sellers on 

Amazon.com) since 2002. The data includes the average, minimum, maximum, and 

median prices for the specified items over the given date range(s). Sellers can use 

Amazon Historical Pricing to make informed decisions on pricing and purchasing. The 

Amazon Historical Pricing Web service requires a monthly subscription fee.  

2.2.2 eBay. Using the eBay Web Services API, developers can create Web-based 

applications to conduct business with the eBay Platform [Mueller, 2004]. The API can 

access the data on eBay.com and Half.com. Developers can perform functions such as 

sales management, item search, and user account management [eBay, 2006]. 



The eBay Web Services API is also based on the SOAP and WSDL standards. The 

eBay developer center provides wrappers of the SOAP APIs in Java, .NET, and PHP. To 

use the eBay API, developers need to join the eBay developer program (free). Depending 

on the type of membership, a developer can make either 10,000 free API calls per month 

or 1.5M free API calls per day. eBay provides a testing environment — 

sandbox.ebay.com — to developers. The testing environment employs the same 

mechanism as the production system. Developers can add or remove products on this 

system just for program testing purpose. Thus the program development process will not 

affect real users’ usage. 

2.2.3 Google. Google provides several kinds of open Web APIs for accessing their 

advertisement service (AdWords API), blog service (Blogger Atom API), map service 

(Google Maps API), and the Web search service (Google Search API). The most widely 

used are Google Search API and Google Maps API [Google, 2006]. 

Google Search API are implemented as a Web service using SOAP and WSDL 

standards. Google provides a Java library which wraps the SOAP APIs. The APIs enable 

developers to query all the Web pages on Google’s server. It also allows developers to 

access the cached Web pages on Google’s server and get suggested spellings for incorrect 

spellings of the search keywords. With this set of APIs, it is very easy for a developer to 

create a search engine interface connecting to Google and add more functions [Hoong & 

Buyya, 2004]. To access the Google Search API service, a developer needs to create a 

Google account and obtain a license key. The license key must be included with each 

query submitted. Each account and license key entitles the user to 1,000 automated 

queries per day. Currently the Google Search API is still a beta service.  

Google Maps API is a JavaScript API which can embed Google Maps in Web pages. 

It is designed mainly for data representation purposes. The Google Maps API works in a 

browser interface. To use this API, an API key should be obtained from Google. 

According to the terms, the Websites (or part of the Websites) that use Google Maps API 

should be accessible to the consumers without charge; it cannot be used in enterprise 

applications.  

2.3 Teaching Web Mining and Software Development 

Programming and software development courses have been taught in most computer 

science and information systems curricula as lectures, often with lab discussions. In 

recent years, due to the rapid development of the Web, more techniques related to 

Internet and Web applications have been introduced in such classes [McDowell, 2005]. 

Web mining techniques and data mining techniques were began to be introduced in more 



courses [Kalathur, 2006; Menczer, 2006]. The courses on Web mining [Davison, 2005; 

Davulcu, 2002; Xie, 2006] covered the topics on Web search, Web usage mining, text 

mining, information extraction, and link analysis. Such training educates students on how 

to extract information from the Web and discover knowledge from such information. To 

help students understand the topics better and assess their performance, individual 

programming or written assignments are widely used in these classes.  

Group projects or group programming exercises have become more popular in many 

of the courses related to programming and software development. It has been suggested 

that such group activities promote cooperative learning and a positive experience among 

students [Dutt, 1994; McConnell, 1996]. It also has been shown that group programming 

exercises used in an introductory programming course improve problem-solving abilities 

and increase knowledge and interpersonal skills [Granger & Lippert, 1999; Poindexter, 

2003]. Similarly, Harris [1995] suggests that group projects may provide opportunities 

for students to improve their written and oral skills. Several researchers also stress the 

importance of allowing students to work on projects that can be applied to real-world 

problems, and thus gain valuable hands-on experience [Fox, 2002]. 

Some courses that discussed Web mining-related topics used Web search engine as a 

topic for group projects [Chau et al., 2003]. For example, Davison’s course required 

students to implement a search engine for the Lehigh University Website [Davison, 

2004]. Such a project provides students with empirical understanding of spidering, 

parsing, indexing, and link analyzing techniques. While creating a search engine, students 

would view the Web as linked Web pages. Applying Web service/Web API-related 

topics in Web mining-related group projects enables students to view the Web as a set of 

applications. Instead of just focusing on the details of the programming techniques, using 

open Web APIs to develop Web mining projects lets students practice how to integrate 

different existing Web application components to build their own value-added 

applications. When compared with the free-text data retrieved using search engines, the 

data retrieved through open Web APIs is usually structured data, which is much easier to 

analyze using data mining techniques.  

3. A CLASS PROJECT COMBINING WEB MINING AND OPEN WEB APIS 

3.1 Objectives 

Given the advantages of using open Web APIs and the vast amount of Web APIs 

provided by different Websites, we found few course projects that consolidated open 

Web APIs within Web mining projects. We believe that it is important for students to 

acquire some classroom knowledge and experiences in both areas. In this paper, we 



report on a class project that we designed and developed in 2005. Details of the project 

are discussed in the following subsection. 

3.2 Web Mining Using Google, eBay, and Amazon APIs 

In the class project each group of students was required to create a Web business with a 

complete Website and business functionalities for specific customers, using one or more 

of the three open Web APIs (Amazon, eBay, and Google) together with other data mining 

techniques learned in the class. Given the comprehensive functions provided by the three 

Web APIs, the main challenge of the project was to integrate these components and 

design attractive system features. Students were encouraged to integrate open source data 

mining components, such as WEKA [Witten & Frank, 2005], to analyze the data 

retrieved through the Web APIs.  

Each team consisted of three members who would participate in the design, coding, 

implementation, and analysis of the prototype. Each team member was required to 

participate in all aspects of the project. They could use their own machines as a server or 

share a server provided by the university’s open computing laboratory. Lab sessions were 

provided to familiarize students with Web API programming. A teaching assistant was 

also provided to assist the students with programming problems. The students were given 

three and a half months to finish the project and were required to submit a project 

proposal after the first month of class. At the end of the semester, each group would 

present their work, demonstrate the system and submit a final report. The projects were 

graded based on system functionalities, novelty, and business feasibility.  

import com.google.soap.search.*; 
public class GoogleMain { 
    public static void main(String[] args) { 
        GoogleSearch gSearch = new GoogleSearch(); 
        gSearch.setKey("[your key here]"); 
        try{ 
          byte[] cachedContent = gSearch.doGetCachedPage("http://ai.arizona.edu"); 
          System.out.println(new String(cachedContent)); //Print cached page 
          gSearch.setQueryString("Web Services"); 
          GoogleSearchResult searchResult = gSearch.doSearch(); 
          System.out.println(searchResult); //Print search result 
          String suggestion = gSearch.doSpellingSuggestion("Webapi"); 
          System.out.println(suggestion); //Print spelling suggestion 
        }catch(Exception ex){ 
            ex.printStackTrace(); 
        } 
    } 
} 

Fig. 1. Sample Java code for using the Google Search API. 



In the class lab sessions, two simple scenarios of using the Google Search API and the 

Amazon E-Commerce Service were introduced1. The Google Search API example was 

implemented using the Java library provided. It directly called three methods to 

implement simple keyword search, cached page retrieval, and keyword suggestion 

functions (Figure 1). The Amazon E-Commerce Service example was implemented based 

on the REST standard using the Jakarta httpclient library. The program obtained the 

content of a specific wish list (in XML format) and displayed the content in text format 

according to a pre-designed XSL format (Figure 2). Step-by-step tutorials were given in 

the lab sessions to make sure that the students understood these two different 

implementation methods and were able to use them in their projects. 

import java.io.IOException; 
import org.apache.commons.httpclient.DefaultHttpMethodRetryHandler; 
import org.apache.commons.httpclient.HttpClient; 
import org.apache.commons.httpclient.HttpException; 
import org.apache.commons.httpclient.HttpStatus; 
import org.apache.commons.httpclient.methods.GetMethod; 
import org.apache.commons.httpclient.params.HttpMethodParams; 
public class HttpClientMain { 
    public static void main(String[] args) 
    { 
        HttpClient client = new HttpClient(); 
        GetMethod method = new GetMethod("http://webservices.amazon.com/onca/xml? 
Service=AWSECommerceService&SubscriptionId=[yourid]&Operation=ListLookup&Li 
stType=WishList&ListId=1Y3TY8UXS2N6O&ResponseGroup=ListItems,ListInfo&Sty 
le=http://www.u.arizona.edu/~chunju/text.xsl&ContentType=text/plain"); 
        method.getParams().setParameter(HttpMethodParams.RETRY_HANDLER,new  
DefaultHttpMethodRetryHandler(3, false)); 
        try { 
           int statusCode = client.executeMethod(method); 
           if (statusCode != HttpStatus.SC_OK) { 
               System.err.println("Method failed: " + method.getStatusLine()); //Error happens 
           } 
           byte[] responseBody = method.getResponseBody(); 
           System.out.println(new String(responseBody)); //Print the retrieved wishlist 
        } catch (HttpException e) { 
           System.err.println("Fatal protocol violation: " + e.getMessage()); 
        } catch (IOException e) { 
           System.err.println("Fatal transport error: " + e.getMessage()); 
        } finally { 
          method.releaseConnection(); //Close the connection 
        }   
    }     
} 

Fig. 2. Sample Java code for using the Amazon Web Service. 

                                                           
1 Sample codes and tutorial are available online in our course Website at: 
http://ai.arizona.edu/hchen/chencourse/Website/WebAPI_project.htm 



After the lab sessions, the students experimented with these APIs. They then designed 

their value-added business based on extensive team discussions. They could choose to 

include data mining algorithms and packages in their design. Finally, the students needed 

to integrate the Web APIs into their Website to perform selected business operations. 

Depending on the system functionality, many systems may need to store data in relational 

databases, such as Oracle, Microsoft SQL Server, or MySQL. They could also acquire 

the data in real-time to get the most up-to-date customer or product information.  

4. STUDENT PROJECTS 

At the end of the semester, each project group gave a demonstration of their system. 

Overall, we found the projects well designed and interesting. The students applied what 

they learned from the class as well as demonstrating their creativity and teamwork in the 

project. By incorporating the services and data provided by Amazon, Google, and eBay 

with the latest data mining and visualization technologies, the students developed many 

innovative business models. 

In order to illustrate what the students achieved in the project, four selected examples, 

namely Wishsky, Tucson Book Xchange, Cellphone Intelligent Auctioning (CIA), and 

SciBubble, are discussed in this section. 

4.1 Wishsky 

Wishsky is an integrated “wish list” management system which enables customers to 

monitor the news and ongoing sales/auctions related to the products in their wish lists. 

Wishsky also recommends alternative products and related products to the customers.  

Wishsky was implemented on Tomcat using Java Server Page (JSP). As shown in 

Figure 3, the system architecture has three layers. The bottom layer of the system is the 

database layer. Wishsky uses a local Microsoft SQL Server which stores the customer 

information, wish list data, and product recommendation information through Java 

Database Connectivity (JDBC). Wishsky can retrieve relevant product data through the 

Web APIs from Amazon, eBay and Google.  

The middle layer of the system is the logic control layer, which contains four modules 

(written in Java). The API Query Module sends requests to and gets results form eBay, 

Google, and Amazon. It encapsulates the three sets of Web APIs and provides an 

interface for the upper layer to access the three data repositories. The Database Query 

Module encapsulates the communication with the backend database via JDBC. The Data 

Mining Module integrates the Apriori algorithm of the WEKA package [Witten & Frank, 

2000; 2005], which provides product recommendations according to the wish lists in the 



system. The three modules are coordinated by a Control Module, which also controls the 

data and logic flows between the user interface and database layers.  

The top layer of the system is the presentation layer. HTML, JSP, and JavaScript are 

used to generate friendly and intuitive user interfaces. 

 
Fig. 3. Wishsky system architecture. 

 
Fig. 4. Wishsky Website. 

 



 
Fig. 5. The page for personalizing a wish list. 

 
Fig. 6. Wishsky displays a user’s wish list, the item news, and the recommendations. 

Figures 4 to 6 show a sample scenario of a user session. The Wishsky homepage 

features the most popular items in the Wishsky system according to users’ wish lists. In 

addition to the item descriptions (e.g., “Star Wars” and “Episode III”), the right frame 

shows news related to those popular items, which was retrieved using the Google Search 

API (Figure 4). After registration, the user can create a Wishsky wish list by importing 

and modifying his/her Amazon wish list (Figure 5). After the wish list is set up, the 

system will personalize each user’s view to include the wish list, item-related news, and 



product recommendations (Figure 6). The user can choose among different algorithms to 

obtain product recommendations or search available auctions of their wish list items on 

eBay.  

4.2 Tucson Book Xchange 

Tucson Book Xchange is an online book exchange system. The system supports online 

book selling and buying, mainly for Tucson residents. It also enables users to search for 

books on Amazon and eBay Websites by integrating their Web APIs. One unique feature 

of the system is that it visualizes the actual location of the books. By incorporating 

Google Maps API, the system is able to provide map images and driving directions 

according to buyer’s and seller’s home addresses in their profiles. Figure 7 provides us 

with such an example: after user “aydink” reserved a book, the map image in the right 

frame locates the user and the book, and the directions and address information are 

shown in the left frame. The Tucson Book Xchange system architecture is similar to the 

Wishsky system. However, at the presentation layer, JavaScript and AJAX 

(Asynchronous JavaScript and XML) technology are used to incorporate the Google 

Maps features.  

 
Fig. 7. The user interface of Google Maps API integration in Tucson Book Xchange. 

4.3 Cellphone Intelligent Auctioning 

Cellphone Intelligent Auctioning (CIA) is a cell phone auction history analysis system 

which provides value-added services to eBay cell phone buyers and sellers. The CIA 

group used ASP.NET framework to implement their application. The group developed a 

standalone application in C# to extract eBay item information and transaction 

information, which were stored in a backend MySQL database (Figure 8). Based on these 

transaction data, CIA performs analysis on how product price and quantity associate with 

four product aspects, namely time, brand, seller, and location. The results are presented in 

tables and graphs which provide users with a better idea of the overall trend of the eBay 



cell phone market. For example, Figure 9 shows the time trend analysis of the average 

cell phone price for a period of two weeks. The analysis clearly shows the weekend 

effect, when the bidding prices of items are slightly lower than the average prices. Such 

analysis may help buyers and sellers make better auction decisions.  

 
Fig. 8. CIA system architecture. 

 
Fig. 9. The time trend analysis on average cell phone price. 

To apply geographic analysis on the eBay auction transactions (retrieved using eBay 

API), the group combined several APIs together. After extracting location information 

from transactions, the graphical coordinates (latitude and longitude) information is 



retrieved from Yahoo through the Yahoo Geocoding API and fed into the Google Maps 

API to visualize the locations on a map (Figure 10).  

 
Fig. 10. The geographical analysis on cell phone auction transactions. 

4.4 SciBubble 

 
Fig. 11. SciBubble system architecture. 

SciBubble is an Amazon science fiction book portal which features distinct visualization 

that helps customers find their books of interest. The science fiction book data, including 

book details and customer reviews, were retrieved from Amazon through the Amazon E-



Commerce Service API and were loaded into a MySQL database (Figure 11). The 

similarity between each pair of books was pre-calculated according to such information 

as publisher, rating, publication year, ranking, and category. An algorithm was designed 

to visualize similar books which are related to a given book search query. In this 

algorithm, each book is represented as a bubble and the similarities between books are 

represented by the distances and angles between the bubbles (Figure 12). 

 
Fig. 12. The visualization interface of SciBubble. 

4.5 Observations of Student Projects 

Most groups successfully achieved their objectives. The student projects covered a wide 

range of different business models and utilized selected Web APIs to implement different 

functionalities. The students used not only the three APIs suggested by the instructor 

(Amazon E-Commerce Service, eBay API, and Google Search API), but also other APIs, 

such as Yahoo Geocoding API and Google Maps API. A summary of selected projects 

and Web APIs is shown in Table I. Among these Web APIs, the Amazon E-Commerce 

Service was most frequently used. The Amazon E-Commerce Service provides a lot of 

structured information related to products, customer behaviors, and business transactions. 

The special data characteristics attracted most of the students.  

 

 



Table I. Summary of selected student projects 

Project name Business 
model 

Web APIs Innovations 

Cellphone 
Intelligent 
Auctioning 

Cell phone sales 
analysis 

eBay API, Yahoo 
Geocoding API, Google 
Maps API 

Statistical analysis 

GiftChannel Wish list 
management 

Amazon E-Commerce 
Service 

Product 
recommendation 

MusicBox Music album 
sales/news portal 

Google Search API, 
Amazon E-Commerce 
Service 

Product 
recommendation and 
visualization 

PriceSmart Market analysis 
/Sales 
management 

Amazon E-Commerce 
Service 

Data analysis (SQL 
server 2005) 

SciBubble Science fiction 
book portal 

Amazon E-Commerce 
Service 

Visualization 

Tucson Book 
Xchange 

Local book flea 
market 

Amazon E-Commerce 
Service, eBay API, 
Google Maps API 

Driving directions 

Wishsky Wish list 
management 

Amazon E-Commerce 
Service, eBay API, 
Google Search API 

Product 
recommendation 
(WEKA) 

 

The students designed several interesting business models which are value-added 

services for E-commerce Websites. One such business model is to provide sales history 

analysis and market analysis to the sellers/buyers for their better business decisions. The 

second type of business model is to provide product recommendations and personalized 

news to customers. This business model aims to improve product sales by providing the 

products/news that the customers may be interested in. Another popular business model 

is providing geographical information to aid business transactions.  

In addition to using Web APIs, most groups incorporated data mining techniques or 

statistical analysis in their systems. Some students integrated software packages, such as 

WEKA and MS SQL Server; while others implemented selected data mining algorithms 

from scratch. Different visualization techniques were used in the projects. Some projects 

provide dynamic charts in the data analysis; others implemented network visualization 

modules to visualize the complex relations between products. Table II summarizes the 

online resources (e.g., Web APIs and data mining/visualization toolkits) used by the 

students.  

The students have different backgrounds. Not every student was familiar with 

programming and Web application development. However, we observed that they were 

able to form balanced teams and collaborated closely in the project, making the projects 

successful. Most of the projects had innovative business models and most students did a 



good job delivering their ideas in the final presentations and project reports. Through 

solving the problems encountered in the projects, students were able to improve their 

programming and system integration skills. As in other group projects, we observed that 

students benefited from team projects by learning from each other and improved their 

abilities to work in a team. 

On the other hand, we also observed some weaknesses in the projects that need to be 

improved. For example, few projects considered the issues related to system performance 

and scalability. Some database designs may cause a long query delay for large datasets. 

Some of the programs need to be optimized in order to improve the system performance. 

Another shortcoming of the projects is that the students were not required to work with 

real clients. This made some of the projects less practical for real-world operations. In the 

future, it would be a good idea to require students to work with real-world clients and 

businesses.  

Table II. Online resources used in the projects 

Type Name URL 
Amazon Web 
Services 

http://www.amazon.com/webservices/ 

Google APIs http://code.google.com/apis.html 
eBay API http://developer.ebay.com/ 

Web APIs 

Yahoo APIs http://developer.yahoo.com/ 
WEKA http://www.cs.waikato.ac.nz/ml/weka/ 
Yale http://sourceforge.net/projects/yale/ 
MS SQL Server 
2005 

http://www.microsoft.com/sql/ Data analysis 
packages 

IBM DB2 
intelligent miner 

http://www.ibm.com/software/data/iminer/ 

JUNG http://jung.sourceforge.net/ Network visualization 
toolkits Graphviz http://www.graphviz.org/ 
 

5. CONCLUSIONS AND FUTURE DIRECTIONS 

In this paper, we report on our experience designing a class project for students in a 

graduate course to use open Web APIs for developing Web mining applications. Overall, 

the results are encouraging. Through these Web mining projects, we observe that most 

students were able to build innovative Web applications within a short period of time; 

which would be impossible if the students had to develop the systems from scratch. We 

observe that students developed the abilities to create interesting business models and 

integrate necessary system components to implement them. In addition to the three 

suggested APIs from Google, eBay, and Amazon, students also successfully identified 

and incorporated other Web APIs and data mining/visualization tools in the projects. 



Most students expressed that they had learned a lot during the project. They 

commented that the system implementation experience was much better than what they 

thought they could achieve at the beginning of the semester. In the future, we plan to 

encourage students to identify and experiment with other Web-based open source 

software. With the rapid growth of Web-based open source software, it would be 

interesting to study how students utilize such software in learning Web-related topics and 

developing e-commerce business ideas. 
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