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2. LITERATURE REVIEW 

 

 

The aim of this chapter is to identify related work to the topic. Firstly, the software development 

challenges are discussed in general with the problems that the Engineers face. Then an overview 

of how the problems are solved in software engineering is discussed followed by an analysis of 

benefits and drawbacks of code reusability as a way of solving problems. Finally in this chapter, 

a detailed review of User Created Content (UCC) is carried out to understand whether the freely 

available source code samples have similarities to UCC in general. 

 

2.1 Software Development Challenges 

 

Software development is found to be a complex process even for experienced engineers. 

Frederick Brooks has described the complexity of software development (Brooks, 1987) as given 

below, 

“Complexity: Software entities are more complex for their size than perhaps any 

other human construct because no two parts are alike (at least above the 

statement level). If they are, we make the two similar parts into a subroutine--

open or closed. In this respect, software systems differ profoundly from 

computers, buildings, or automobiles, where repeated elements abound.” 
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Rapid changes in infrastructure and technologies leave new things to be learnt by software 

engineers regularly. New libraries, Application Programming Interfaces (APIs), frameworks and 

development tools pose a challenge for engineers to continuously update themselves to be 

productive. Sometimes project deliveries do not leave room for developers to entirely understand 

the frameworks, APIs or libraries they use, but still require to complete the deliveries on time. 

Developers use many different approaches to understand new technologies and infrastructure to 

handle their tasks.  

 

Development of software applications are mostly done as projects which has a distinct start and 

an end. Problems that the software practitioners face are different in different phases of the 

software project. Hence it is important to understand the main phases involved in a project. 

Following phases have been identified as common in a typical software development project 

(Tesler 2004).  

Requirements Analysis and Definition : In this phase, requirements of the system are identified 

at a very high level. This includes, determining and documenting the vision for the target product 

or system, the user profile(s), the hardware and software environment, the most important 

components, the functions or the features of the software, the security requirements and so on. 

Estimation : Time, Cost and Resources required to successfully deliver the project will get 

estimated at this stage.  Other than the project cost estimation, project contracts and rough 

project schedules are also produced at the end of this phase. 

Functional Specification and UI Prototype : In this stage, precisely what the target system should 

do would be identified. Features, modules and functionalities are also documented in this phase. 

Building a prototype of the application also takes place in this stage which assures the technical 

feasibility and gives an opportunity for the end customer/client to get their feedback on the final 

delivery beforehand. 

Software Architecture and Test Plan : General and detailed design documents are created at this 

stage. General design document addresses the software system to develop at a high level (what 

http://www.klariti.com/technical-writing/Basil-Tesler-Software-Development-Project.shtml#1
http://www.klariti.com/technical-writing/Basil-Tesler-Software-Development-Project.shtml#2
http://www.klariti.com/technical-writing/Basil-Tesler-Software-Development-Project.shtml#3
http://www.klariti.com/technical-writing/Basil-Tesler-Software-Development-Project.shtml#4
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components involve and how those components work together) while detailed design document 

addresses how each component would be written, what specific functionalities would be 

implemented and how they will be implemented. 

In order to test the system for its quality, a test plan has to be written. In this phase, a test plan is 

documented with detailed instructions as to how each component and integrated systems have to 

be tested. 

Implementation (Coding) and Testing : Converting the specifications written in previous stages 

into a programming language will take place in this stage. Even the test plans that were created 

will be converted to test cases and different tests such as, unit tests, integrated tests and systems 

tests. These tests will be carried out to verify the implementation against specifications. This 

would be the phase where the engineers work extensively on the code to build the application. 

Release, Delivery and Installation : In this stage, the developed software system will be 

transferred to a target environment. Deploying the system, configuring the system, user 

acceptance testing and user training are the additional tasks involved with this stage of project 

development. 

Operation and Maintenance : The Operation and Maintenance phase begins once the user has 

formally accepted the product or the system delivered by the vendor. The task of this phase is to 

ensure proper functioning of the software. To improve a product or a system, it should be 

continuously maintained. Software maintenance involves detecting and correcting errors, as well 

as extending and improving the software itself. 

Even though the literature discusses about seven different phases of software development, for 

simplicity we define three distinct stages that describe the project life cycle that suits well for our 

analysis. Requirement analysis, estimation, functional specifications & UI prototypes, Software 

architecture and test plan are considered as Initial Stage of a project. Implementation and testing 

of the software are considered as Middle Stage of a project and finally, deployment and 

operational maintenance are considered as Final Stage of a project. These summarized stages of 

project life cycle are used in rest of the chapters. 

http://www.klariti.com/technical-writing/Basil-Tesler-Software-Development-Project.shtml#5
http://www.klariti.com/technical-writing/Basil-Tesler-Software-Development-Project.shtml#6
http://www.klariti.com/technical-writing/Basil-Tesler-Software-Development-Project.shtml#7
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Nature of application development process in modern world forces developers to use different 

frameworks and libraries to write software. In most cases, using a framework or a common 

library is not easy because each library has a set of operations that need to be performed in a 

particular order to provide the desired functionality. Often there is a steep learning curve 

involved in learning to use most of these frameworks (Sindhagatta, 2006) and reusing source 

code is a way of reducing the steepness of the learning curve. Further, Sindhagatta emphasizes 

the benefits such as code reusability, development efficiency and code stability inherited when 

using source code samples. 

 

Forward & Lethdbridge identify two methods to solve software development problems namely 

model centric approach or code centric approach (Forward & Lethbridge, 2007). Model centric 

approach is, using tools such as UML in order to describe the structure and behavior of the 

systems. It may even automatically generate the source code. The other option to solve problems 

is code centric, where developers work entirely on code editing. Further the research by Forward 

& Lethdbridge has revealed that most developers preferred code centric method and use it to 

solve problems rather than using model centric method. Furthermore, the survey has found 

drawbacks when model centric approach is used. Documents and other artifacts used to model 

problems become obsolete with time due to continuous changes to the system while developing 

and changing requirements. 

Literature indicates that the model centric approach has inherent drawbacks when it comes to 

problem solving in real working environments. On the other hand, code centric approach reduce 

the turn-around time of developments and hence the efficiency and effectiveness. Code 

reusability is a major part of code centric approach. Any previously produced code could be 

studied and incorporated into the current development with less effort when engineers work on 

code centric approach.  

2.2 Methods of Code Reuse 

Henninger discusses the problems that the developers face when trying to use source code 

samples (Henninger, 1991). Programmer‟s productivity can increase dramatically by reusing 
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software modules. But no quantitative justification of cost has been made whether to understand 

and reuse of already written code (modules) or create from scratch is beneficial. 

There are various standard methods accepted to reuse source code such as Object Oriented 

Programming (OOP), Aspect Oriented Programming (AOP) and Service Oriented Architecture 

(SOA). These methods can be used in the stages of software development such as designing and 

defining technical architecture of applications. In code implementation level, there are various 

ways to reuse code, and using sample source code is a widely used method among those. Sample 

source code repositories provide a way to store solution related knowledge in an organization. 

When a solution to a problem is identified, it is possible to record it as a sample source code in a 

repository and subsequent similar problems can be solved taking the sample as a reference. 

Above mentioned qualities of source code samples lead organizations to build their own source 

code repositories. These repositories are referred to as Knowledge Bases (KB) when descriptions 

were added to elaborate how to use the code samples. Knowledge management and knowledge 

bases are identified as critical success factors for software development organizations 

(Sirinivasan 2004). 

 Following discussion is on knowledge management in general for software industry and ways of 

improving it with sample source code. 

Knowledge Management (KM) plays a critical role in any organization which utilizes knowledge 

capital of human resources and most organizations have considered it as important for 

sustainability.  

According to Lawton (Lawton, 2001); 

“80 percent of the largest global corporations now have KM projects”. 

According to O‟Leary (O'Leary, 1998); 

“Over 40 % of the Fortune 1000 companies now have a Chief Knowledge Officer (CKO), a 

senior-level executive responsible for creating an infrastructure and cultural environment for 

knowledge sharing” 
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Knowledge management is challenging in any organization and it is more critical in software 

organizations.  

Following are identified as reasons as to why knowledge management is difficult in software 

organizations (Rus, I et al, 2001).  

Firstly, software organization‟s operation pace is faster compared to other organizations. 

Individuals who have the knowledge, has no time to involve with a knowledge management 

activities while completing designated project and also no time is allocated for documentation of 

the knowledge before starting the next project.  

Secondly, software products are invisible in nature compared to other products (mechanical or 

civil engineering outputs). Hence engineers reinvent solutions most of the time than reuse, which 

leads to bringing down the productivity and efficiency of development. „Reuse‟ being a key 

principle of knowledge management and hence absence of that in software development builds 

an additional complexity for knowledge management in software engineering.  

Thirdly software engineering knowledge is mostly tacit than explicit and this nature builds a 

barrier for knowledge management.  

Converting tacit knowledge to explicit knowledge requires special tools (Rus, I. et al, 2001). 

Source code samples are a tool to convert tacit knowledge to explicit by demonstrating how a 

problem is solved.  

Creating meaningful samples (knowledge) within an organization is a time consuming rigorous 

task. Not all employees have the passion to document their new findings. But on the other hand, 

if the contributors are beyond the limits of the organization, both quantity and quality of samples 

can be increased. Possibility of sharing knowledge through internet is found to be more efficient 

and effective compared to closed knowledge bases. Hence the knowledge sharing in software 

industry has been positively influenced by the growth of internet and subsequently by the 

concepts of “Participative Web”. Participative web gives an opportunity for consumers of 

content to be the publishers of it as well. Publications of this nature have identified as “User 

Created Content” (UCC) and it is important to discuss characteristics and behavior of UCC in 

detail.  
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2.3 User Created Content 

 

The phenomenon of user participation on the web and value creation by this was modeled as 

Web 2.0. Concepts like Prosumers (producer and consumer become same) (Toffler 1980) 

emerged and many other models emerged based on these principles. 

The idea of Web 2.0 was initially announced by Tim O‟Reilly back in 2004 to explain the way 

internet and WWW is used by people and how it grows in an exponential way (O'Reilly 2005b). 

He defined Web 2.0 as (O'Reilly 2005b), 

“Web 2.0 is the network as platform, spanning all connected devices; Web 2.0 

applications are those that make the most of the intrinsic advantages of that 

platform: delivering software as a continually-updated service that gets better 

the more people use it, consuming and remixing data from multiple sources, 

including individual users, while providing their own data and services in a 

form that allows remixing by others, creating network effects through an 

"architecture of participation," and going beyond the page metaphor of Web 

1.0 to deliver rich user experiences.” 

As per Tim O‟Reilly, architecture of participation is, “As the number of users increase, the 

quality of the service improves”. In other words, more users utilize content, quality of it goes up 

and it gets more popular. In current context, software source code samples are published and 

utilized compliance to the characteristics of Web 2.0. Further the validity and reliability get 

injected to the samples by ranking and comments added by users of it (social filtering).  

Source code samples happen to be one of the earliest types of content that were available over 

internet. Reason must have been the fact that, initial users of internet were IT personals who 

developed it and they had the need of sharing source code than anything else. 

Research conducted by Wunsch-Vincent Sacha & Vickery Graham and the subsequently 

published book “Participative Web and User-Created Content: Web 2.0, Wikis, and Social 
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Networking” (Wunsch-Vincent & Vickery 2007) contains a detail analysis of User Created 

Content (UCC). Analysis includes a working definition for UCC and clearly defines a set of 

characteristics for UCC. Further, it identifies driving factors of UCC, different types of content 

that get published as UCC and different platforms that is used to publish UCC.  

Researcher will be using the working definition/characteristics, driving factors, types of content 

and platforms of distribution identified by Wunsch-Vincent Sacha & Vickery Graham in their 

research to categorize freely available source code samples as User Created Content.  

Definition/Characteristics 

There is no commonly agreed upon definition for UCC. Hence it is important to consider 

available definition for UCC. Wikipedia define UCC as various kind of media content publicly 

available that are produced by end-users. Here the end user is not a professional publisher but an 

amateur publisher. 

Due to lack of strong definition for UCC, Wunsch-Vincent Sacha & Vickery Graham tries to 

identify key characteristics of User Created Content and they have recognized three primary 

qualities of UCC which are Publication requirement, Creative effort, Created outside of 

professional routines and practices. These three characteristics are discussed in detail below. 

Publication requirement: While theoretically UCC could be made by a user and 

never actually be published online or elsewhere, we focus here on the work that is 

published in some context, be it on a publicly accessible website or on a page on a 

social networking site only accessible to a selected group of people (i.e. fellow 

university students). This is a useful way to exclude email, bilateral instant 

messages and the like. 

Creative effort: This implies that a certain amount of creative effort was put into 

creating the work or adapting existing works to construct a new one; i.e. users 

must add their own value to the work. The creative effort behind UCC often also 

has a collaborative element to it, as is the case with websites which users can edit 

collaboratively. For example, merely copying a portion of a television show and 

posting it to an online video website (an activity frequently seen on the UCC 
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sites) would not be considered UCC. If a user uploads his/her photographs, 

however, expresses his/her thoughts in a blog, or creates a new music video this 

could be considered UCC. Yet the minimum amount of creative effort is hard to 

define and depends on the context. 

 

Creation outside of professional routines and practices: User-created content 

is generally created outside of professional routines and practices. It often does 

not have an institutional or a commercial market context. In the extreme, UCC 

may be produced by non-professionals without the expectation of profit or 

remuneration. Motivating factors include: connecting with peers, achieving a 

certain level of fame, notoriety, or prestige, and the desire to express oneself.  

Characteristics explained above can be used to identify freely available source code 

samples as User Created Content which is an objective of the research.  

Drivers  

Identifying what drives already identified UCC can be used to categorization of freely available 

source code samples as UCC. As per the research, growth of UCC is driven by four factors 

namely technological, social, economical and legal. Details of the each driver are discussed 

below. 

Technology Drivers: Growth and existence of UCC is highly driven by technology. High speed 

data transferring rate gives users the ability to upload and download content within a very short 

time. Hence users can share their creations and consume other creations fairly easily. 

Within last few years, processing speeds, and hard drive and flash memory capacities greatly 

increased while costs for the latter and consumer electronics needed to record or store UCC 

decreased at the same rate. Portable devices like mobile phones were invented with high uplink 

speeds and integrated cameras. With these technological advancements, non professionals 

manage to express themselves easily on the internet. With the wide availability of access to 

internet and less cost of publishing information on the web, internet usage has increased in the 

world by 249.6% during the time period of 2000 to 2007 (Miniwatts Marketing Group 2008). 
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Online communities are an emerging trend in almost all industries and domains with the wide 

availability of World Wide Web as a communication and publication platform. Leading media 

market research agency Nielsen/NetRatings (http://www.nielsen-netratings.com), announced 

“Top 10 social networking sites collectively grew 47 percent year over year, increasing from an 

unduplicated unique audience of 46.8 million last year to 68.8 million in April 2006, reaching 45 

percent of active Web users”. 

Overall growth in communication and publication technologies based on World Wide Web 

(WWW), has provided a way to publish software development related knowledge on internet. 

Online communities have evolved which cerate forums for developers to share their knowledge. 

Individuals maintain blogs explaining their new findings and problems they encountered.  

Social Drivers: High usage of broadband, the desire for interactivity, the willingness to share, to 

contribute, to create online communities are the main socio cultural changes that have taken 

place in recent years for UCC to grow. It is important to mention that this growth is highly 

concentrated on a segment of population (i.e. According to surveys, almost three-quarters of 

people who publish amateur video content online are under 25, and of those, 86% are male). 

Further research findings shows, contributions are far too less compared to the consumptions. 

Economical Drivers: Recent growth of UCC appealed the commercial institutes to invest on 

UCC platforms. Concept of „Long Tail‟ (ability to sell most difficult and slow moving items 

without an additional effort) brought many venture capital investments into UCC related 

businesses. According to some estimates, in the first half of 2006, venture capitalists put USD 

262 million in commercial agreements related to participative web technologies.  

Legal Drivers: The rise of new legal means to create and distribute content has also contributed 

to the greater availability and diffusion of UCC. Flexible licensing and copyright schemes such 

as the Creative Commons licenses allow easier distribution, copying and depending on the 

choice of the author the creation of derivative works of UCC.  Increasingly search engines and 

UCC platforms allow for searches within Creative Commons-licensed photos, videos or other 

content allowing other users to use, build on them while creating new content. The rise of end-

user licensing agreements (e.g., www.secondlife.com) which grant copyright to users for their 

content may also be a significant driver. 

http://www.nielsen-netratings.com/
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Types of Content 

Following table (Table 2-1) lists already identified User Created Content Types along with a 

short description and examples. Information on the different types, how they get published and 

managed could be used to identify similarities of User Created Content with freely available 

samples code. 

 

Table 2-1 : Identified Types of User Created Content 

Type Description Examples 

Text, novel and 

poetry 

Original writings or expanding on 

other texts, novels, poems 

 

Fanfiction.net, Quizilla.com, Writely 

 

Music and Audio Recording and/or editing one‟s 

own audio content and 

publishing, syndicating, and/or 

distributing it in digital format 

 

 

Audio mash-ups, remixes, home-

recorded music on bands websites or 

MySpace pages, Podcasting. 

 

Photo/Images Digital photographs taken by 

users and posted online; Photos 

or images created or modified by 

users 

Photos posted on sites such as Ofoto 

and Flickr; Photo blogging; Remixed 

images 

 

Video and Film Recording and/or editing video 

content and posting it. Includes 

remixes of existing content, 

homemade content, and a 

combination of the two. 

 

Movie trailer remixes; Lip synching 

videos; Video blogs and videocasting; 

Posting home 

videos; Hosting sites include YouTube 

and Google Video; Current TV 

 

Citizen journalism Journalistic reporting on current 

events done by ordinary citizens. 

Such citizens write news stories, 

blog posts, and take photos or 

videos of current events and post 

them online. 

 

Sites such as OhmyNews, 

GlobalVoices and NowPublic; Photos 

and videos of newsworthy events; Blog 

posts reporting from the site of an 

event; Cooperative efforts such as CNN 

Exchange 

 

Educational 

content 

Content created in schools, 

universities, or with the purpose 

of educational use 

 

Syllabus-sharing sites such as H20; 

Wikibooks, MIT‟s OpenCourseWare 
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Mobile content Content that is created on mobile 

phones or other wireless devices 

such as text messaging, photos 

and videos. Generally sent to 

other users via MMS (Media 

Messaging Service), emailed, or 

uploaded to the Internet. 

 

Videos and photos of public events, 

environments such as natural 

catastrophes that the traditional media 

may not be able to access; Text 

messages used for political organizing. 

 

Virtual content Content created within the 

context of an online virtual 

environment or integrated into it. 

Some virtual worlds allow 

content to be sold. User-created 

games are also on the rise. 

 

Variety of virtual goods that 

developed and sold on SecondLife 

(clothes, houses, artwork) 

 

 

Platforms of Distribution 

Literature identify many different platform that user created content get distributed on the 

internet. Following table (Table 2-2) lists these identified platforms with examples and 

descriptions. 

Table 2-2 : Possible Platforms for UCC Distribution 

Platform Description Examples 

Blogs Web pages containing user-

created entries updated at regular 

intervals and/or user-submitted 

content that was investigated 

outside of traditional media 

 

Popular blogs such as BoingBoing and 

Engadget; Blogs on sites such as 

LiveJournal; MSN Spaces; CyWorld; 

Skyblog 

 

  

Wikis and Other 

Text- Based 

Collaboration 

Formats 

A wiki is a website that allows 

users to add, remove, or 

otherwise edit and change content 

collectively. Other sites allow 

users to log in and cooperate on 

the editing of particular 

documents. 

Wikipedia; Sites providing wikis such 

as PBWiki, JotSpot, SocialText; 

Writing collaboration sites such as 

Writely 

 

Sites allowing 

feedback on 

written works 

Sites which allow writers and 

readers with a place to post and 

read stories, review stories and to 

communicate with other authors 

and readers through forums and 

chat rooms 

FanFiction.Net 
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Group-based 

Aggregation 

Collecting links of online content 

and rating, tagging, and otherwise 

aggregating them collaboratively 

 

Sites where users contribute links and 

rate them such as Digg; Sites where 

users post tagged bookmarks such as 

del.icio.us 

 

Podcasting A podcast is a multimedia file 

distributed over the Internet using 

syndication feeds, for playback 

on mobile devices and personal 

computers  

 

iTunes, FeedBruner, iPodderX, 

WinAmp, @Podder 

 

Social Network 

Sites 

Sites allowing the creation of 

personal profiles 

 

MySpace, Facebook, Friendster, Bebo, 

Orkut, Cyworld 

 

Virtual Worlds Online virtual environment. 

 

Second Life, Active Worlds, Entropia 

Universe, and Dotsoul Cyberpark 

 

Content or  

File sharing sites 

Legitimate sites that help share 

content between users and artists 

 

Digital Media Project 

 

 

How the credibility and reliability of User Created Content get maintained is a question to 

answer as anyone who has an internet connection could contribute to information repositories. 

As per the researches conducted, Social Filtering and Accreditation are mechanisms which 

govern the quality of freely published content. Paul Chin has analyzed this in detail and findings 

are described below. 

Content available on the internet can be divided into two broad categories as engineered content 

and user created content (Chin P, 2006). When content is filtered from raw data, edited and value 

added by professionals, such content is said to be „engineered content‟. If the content is created 

by the users themselves and published in a public location such as a discussion forum, blog or a 

wiki, then such content is said to be „User Created Content‟ (UCC). Reliability and credibility is 

less in UCC compared to engineered content, but the volume and availability is extremely high 

in UCC. 

Further in his article „The Value in User Created Content‟, Paul Chin (Chin P, 2006) discusses 

about content moderation with UCC. Author identifies three different ways to moderate UCC. 
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1. Pre-Production moderation: Content does not go live as you submit. Authorized editor 

(moderator) go through the content and do necessary adjustments to give more value to 

the content. This increases the credibility and reliability of content, but a time gap gets 

created between submission and publication which has a negative impact for news or 

current affairs forums. 

2. Post-Production moderation: Content goes live as you submit, but a moderator goes 

through the content and does necessary modifications to give credibility to content. Time 

gap in Pre-Production moderation is not there anymore, but content is not in its original 

format, so the expression could be slightly deviated from the original. 

3. Peer based moderation: In this case, there is no designated moderator, but the users 

themselves do necessary amendments to content. Ranking and rating are used as tools to 

ease the process of this type of moderation. 

When source code samples get published on the internet, it is common that all these three 

methods are used to moderate. 

 


