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Abstract 
Web development is receiving increasing attention among all kinds and sizes of companies. Web 
presentation has become a hygiene factor for companies nowadays. Fortunately, nowadays web 
developers can choose from a great number of ready-made technologies instead of developing everything 
from scratch. 

However, web development technologies have evolved much in the past 20 years. Due to the increased 
complexity and diversity of the alternatives, it is getting more and more difficult for companies to make 
an overall good choice of technologies, especially small and medium-sized enterprises  (SMEs) that 
usually do not have resources to make a thorough research before choosing. 

This thesis creates WeTS - Web Technology Stack Guidelines, which contains three parts: process, 
algorithm and software quality characteristics. By following WeTS, inexperienced web developers, 
especially in SMEs, can select web technology stacks in an optimal way. Meanwhile, WeTS could be used 
for experienced practitioners and researchers as a reference to have an overview about modern web 
development technologies. 

Based on WeTS Guidelines, this thesis evaluated a number of technology stacks. Then a case study was 
performed with a startup company named Sqore. By comparing WeTS with Sqore’s technology selection 
process step by step, this thesis evaluated WeTS Guidelines. 

Keywords: Web application development, WeTS, small and medium enterprises, technology selection
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Chapter 1 Introduction 

1.1 Background 

Web development is receiving increasing attention among all kinds and sizes of companies. It ranges  
from the development of simple static websites to highly sophisticated systems. Web presentation has 
become a hygiene factor for companies nowadays,  regardless whether they are IT companies or not.  

The complexity of web pages has increased much in the past 20 years. Web pages used to be merely a 
way of presenting pre-written text and some kind of multimedia content. Those web pages did not involve  
user interaction, users can only see the content that the administrator put on the web page. They are called 
static web sites today. 

Later on, websites were able to store and present user-generated content. At this point, web pages became 
interactive. They were capable of processing and storing the user provided information. We usually call 
them dynamic websites or Web 2.0[1] today. 

Dynamic websites allows the users to create the content. However, from a user’s perspective, the 
experience is not as smooth as a desktop application. The main reason is that every operation on the 
website comes with a reload of the page or jumping to another page. In 2004, Google launched Gmail[2], 
which was the first widely-used web service that does not require reloading the page. It used a new 
technology called AJAX[3], which allows the browser to exchange data with the server in the 
background. That is what we call “web applications” today. 

As the the complexity of web pages increased, more technologies were introduced for building them. For 
static web pages, the only thing needed was an HTTP server running in a hosting environment, serving 
static content. However, for an Web 2.0 site, to process and present user input data, customized programs 
running in the server side is necessary. And in order to store the data, a database system is also needed. 
For single page web applications, front-end code is necessary to update the web page without reloading. 
Therefore, back-end code, front-end code, database, HTTP server and hosting platform are needed in a 
modern web application, as shown in Table 1.1. 

Table 1.1 Evolution of Web Pages and Technologies 

Evolution Stage Definition Technologies Needed

Static Web Pages Web pages that serves pre-composed content. Users 
cannot change the content.

HTTP Server, Hosting 
Platform

Dynamic Web 
Pages (Web 2.0)

Contents are generated by users. User can interact 
with the content, but every operation requires 
reloading the page or jumping to another page.

HTTP Server, Hosting 
Platform, Back-end Code, 
Database

Single Page Web 
Application

Content are generated by users. User can stay in the 
same page without reloading. The content of the web 
page can be fetched in the background and part of 
the page can be updated without reloading.

HTTP Server, Hosting 
Platform, Back-end Code, 
Database, Front-end Code

!1



Fortunately, with the evolution of web technologies, web developers don’t have to make everything from 
scratch by themselves. Lots of the repetitive works required in building web applications along with some 
of the best practices and conventions were introduced as different technologies and frameworks to the 
industry. There are a great number of ready-made technology components that web developers can choose 
from, which generally make web development easier than before, and enables small teams to built 
sophisticated web applications. Some great examples including 37 signals and Instagram, while they were 
able to have an application serving 10s of millions of users, they managed to have a tech team with only 
some 15 developers.[4][5] Choosing from the technologies became at critical part of web development. 
This thesis focuses on helping web developers to choose from various technologies. We discuss more 
about the problem in Section 1.2. 

1.2 Problem 

There are no existing guidelines for small and medium enterprises (SMEs)[6] to understand the 
advantages and disadvantages of different technological solutions for web development. Due to the 
complexity and diversity of the alternatives, it is getting more and more difficult for companies to make 
an overall good choice of technologies, especially SMEs that usually do not have resources to make a 
thorough research before choosing. To make appropriate combination of technologies best suit demands 
for specific projects, it requires a comprehensive understanding of both available technologies and 
capability to assess different situations based on requirements. Thus makes it a highly complicated 
problem for anyone, especially SMEs. There are always different solutions for different demands and 
situations, and those SMEs do not know which solution is best for what kind of demands and situations. 

1.3 Goal 

The goal of this thesis is to create guidelines for SMES to choose technology stack in web development 
solutions, by analyzing and comparing the advantages and disadvantages of various commonly available 
candidates. 

1.4 Contribution 

This thesis first develops Web Technology Selection (WeTS) Guidelines — a general framework to help 
inexperienced web developers choose technology stacks for developing web applications. As three 
essential parts of the WeTS Guidelines, we developed WeTS Processes, WeTS Algorithm and WeTS 
Software Quality Characteristics. 

Secondly, this thesis evaluated a technology stack selected based on WeTS Guidelines by comparing 
WeTS to the technology selection procedure of a company case. For doing this, a case study was carried 
out at Student Competitions AB, the company which commissioned our work. 

1.4 Scope and Limitations 

This thesis carries out analysis on web technologies on a higher level. It includes guidelines for choosing  
technologies based on the their characteristics together with the evaluation criteria for various scenarios. 
This paper is not a guidebook for programming or web architecture designing. Neither does this thesis 
include tutorials on how to use a specific technology nor does it teach how to build a web application. 
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1.5 Target 

The main targeting group for this thesis is practitioners working with web development and building web 
applications, especially the ones work in SMEs. Furthermore, this thesis could be used as a reference for 
researchers as a perspective to currently available web development technologies. 

1.6 About Student Competitions AB 

Student Competitions AB is a startup company founded in 2010 and has grown to be the world’s largest 
organizer of global competitions for recruitment, open innovation, brand building and engagement. The 
company’s vision is to become the world's most trusted certifier of skills that matter to the market. 
Sqore.com is the new product that leads the company towards the future. 

Prior to Sqore.com, the company has had 5 main platforms for listing and running various type of online 
competitions. Sqore is the new product based on learnings and experiences from running Student 
Competitions, on top of the company’s understanding of the industry trend and market demand.  

There are a few main parts in Sqore’s new product: 1) gamified online competition system, 2) skills 
ranking system 3) candidate screening system 4) content management system 5) user login and database 
6) statistics and analytics system. The sub-systems are organized in a Service Oriented Architecture 
(SOA). In general, it is a fairly complex system with a considerable amount of functions interconnected 
with each other. 

1.7 Thesis Outline 

The thesis consists of seven chapters. They are listed as the following: 

Chapter 1 - a brief introduction of the whole thesis. 

Chapter 2 - describes the research methodology of the thesis. 

Chapter 3 - introduces the background knowledge that is preliminary to the research. 

Chapter 4 - introduces the software quality characteristics, which is used in the WeTS Guidelines. 

Chapter 5 - presents the WeTS Guidelines. 

Chapter 6 - evaluates the WeTS Guidelines. 

Chapter 7 - the final chapter, concludes the thesis and suggest future works.  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Chapter 2 Research Methodology 
This chapter introduces the methodology used in this research. Section 2.1 - 2.6 describes the strategy, 
method, phases, sampling, instruments and the validity threats of this research, respectively. 

2.1 Research Strategy 

Our research requires a deep understanding of how web applications are developed and the current 
situation of SMEs. Therefore, a choice of appropriate research strategy is of pivotal importance. As shown 
in Table 2.1, our research strategy covers choice of appropriate research method, design of suitable 
research phases, selection of relevant sampling methods, identification of useful research instruments and 
finding ways for tackling validity threats that could potentially distort the result of our work.  

Our research method was mainly qualitative, including comparative study and case study. It consisted of 
three phases - Initial Study, Develop WeTS Guidelines and Assess Technologies. Our respondents were 
selected according to the convenience sampling method based on predefined selection criteria. We mainly 
used research instruments such as software quality characteristics, semi-open questionnaires and 
interview questions. The main validity threats that were tackled in this research were credibility, 
transferability, dependability and confirmability. 

Table 2.1 Research Strategy 

Method Qualitative
- Comparative Study
- Case Study

Data Collection Method
- Survey
- Interview
- Literature Reading

Phases Initial Study
Develop WeTS Guidelines
Assess Technologies

Sampling Eight Experienced Web Developers
Three Student Competitions AB Employees

Instruments Software Quality Characteristics
Semi-Open Questionnaires
Interview Questions

Validity threats Credibility
Transferability
Dependability
Confirmability
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2.2 Type of Research Method 

  The goal of the research was to provide guidelines by which inexperienced web developers can select 
the technologies that suits them best. To achieve that, we need to explore the optimal ways of selecting 
technologies as well as the possibilities of utilizing different candidate technologies. Therefore, we 
performed a qualitative study including comparative study and case study throughout the research. The 
supported data were mainly collected by interviews, survey and literature study. As it was a qualitative 
research, we considered various aspects of the technology selection in web development comprehensively 
and made our conclusions. However, in part of the research, we used quantitative method to processes 
some intermediate data. 

  Quantitative research is the systematic empirical investigation of observable phenomena via statistical, 
mathematical or computational techniques.[7] The researcher is hoping the numbers will yield an 
unbiased result that can be generalized to some larger population. Qualitative research, on the other hand, 
asks broad questions and collects word data from phenomena or participants. The researcher looks for 
themes and describes the information in themes and patterns exclusive to that set of participants.[7] 

  The data we collected were 1) the knowledge about candidate technologies, 2) the quality characteristics 
which web developers identify as critical and 3) how experienced web developers selected their 
technology stack. They were word data from participants, reflecting their own experiences and opinions. 
We observed the data, and tried to develop an optimal way of selecting technologies from the information 
hidden in it, which is a typical qualitative approach. The conclusion we made were from a small group of 
sample, and we did not use statistical, mathematical or computational techniques to generalize the result 
to a large group. Therefore, our research was mainly qualitative. 

  Instead of qualitative method’s studying things in their natural settings and focusing on interpreting 
phenomenas[9], quantitative method investigates the objects via statistical, mathematical or 
computational techniques. This requires a model that describes the study object accurately. Since few 
studies were found on the topic of this thesis, we could not find an effective model to describe the 
relationship between the technologies used and the final web application. In fact, due to the nature of the 
problem which involves people’s opinions, we believe mathematical model is not practical in describing 
it. Consequently, quantitative method does not suit the main part of the research. 

  The main research is carried out in a qualitative method, in some part of the research, we applied 
quantitative method to process some of the collected data. For instance, we designed the questionnaire 
(described in Section 4.3) to collect answers that are able to convert to quantifiable results.  

  When circumstance allows, quantitative method could have advantages over qualitative method. In the 
situation of summarizing subjective opinions,  quantitative method is more accurate and leads to a more 
objective result. It is also easier to perform. To some extent, it eliminates the subjective opinion of the 
research to influence the data processing. Therefore, in parts of the research where quantitative method is 
practical in processing data, we used it for modeling. 

  It is important to point out that the partial adoption of quantitative method did not make the whole thesis 
leaning towards quantitative. Although analyzed in a quantitative way, the intermediate data we processed 
were transformed from qualitative data. For instance, the results of the questionnaire (Section 4.3) were a 
numerical measurement of participants’ personal opinions; the scores of the technologies(Section 6.2.4) 
were concluded based our qualitative study therefore were inevitably influenced by our experiences. 
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Quantitative method was only a technique to processing the intermediate data. The whole research is still 
founded on a qualitative basis. 

2.3 Phases 

The research consisted of three phases: (1) Initial Study, (2) Develop WeTS Guidelines and (3) Evaluate 
WeTS Guidelines. They are illustrated in Figure 2.1, where each phase is uniquely identified with an 
alphanumeric identifier. Section 2.3.1 - 2.3.3 discuss the three phases, respectively. 

2.3.1 Initial Study 

In the (1) Initial Study phase, we studied preliminary background knowledge to start our research. It 
consisted of two sub-phases: (1a) Literature Study during which we examined publicly accessible 
literature and (1b) Selection of Candidate Technologies during which we chose a list of technologies to be 
evaluated. 

The purpose of (1a) Literature Study phase was to find out what has been published within the area of our 
topic. For this, we looked through a number of academic databases and journals, but found very few 
articles related to our topic. The database and journals we looked through were: ACM, Information 
Technology Journal, Information Science, IEEE Transactions On Software Engineering, International 
Journal of Advanced Computer Science and Applications, Journal of Theoretical and Applied Information 
Technology. Therefore, we focused on Internet articles, official documents provided by technology 
authors and maintainers as well as various reports. We studied information such as the market share of 
technologies, the design philosophy of technologies and the roles technologies played in the technology 
stack. [10][11] 

In the (1b) Selection of Candidate Technologies phase, we selected the technologies to be evaluated in the 
thesis, based on the knowledge we obtained in Phase (1a). We grouped the selected technologies into five 
functional categories. They are (1) Back-end Languages and Frameworks, (2) Front-end Frameworks, (3) 
Databases (4) HTTP Servers and (5) Hosting Platforms. The result of this phase is presented in Chapter 3. 

2.3.2 Develop WeTS Guidelines 

The (2) Develop WeTS Guidelines phase is the second major phase of our research during which we 
developed the main part of the research: WeTS Guidelines. It consists of three sub-phases. They are: (2a) 
Identify WeTS Processes, (2b) Develop WeTS Algorithm, (2c) Identify Software Quality Characteristics. In 
the following paragraphs, we discuss them respectively. 

(2a) Identity WeTS Processes 

In the phase (2a) Identify WeTS Processes, we identified the processes for utilizing WeTS Guidelines. The 
processes are a set of instructions to follow, by which a technology stack can be selected. The processes 
are identified by common sense and our own experience in web development. 
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(2b) Develop WeTS Algorithm 

In the phase (2b) Develop WeTS Algorithm, we developed the Algorithm used for WeTS Guidelines. The 
algorithm is developed based on our understanding of how each category of technologies affect the 
quality of the web application. 

(2c) Identify Software Quality Characteristics 

In the phase (2c) Identify Software Quality Characteristics we identified the software quality 
characteristics to evaluate the technologies. Identifying software quality characteristics contained three 
steps, they are:  

1. Create seven software quality characteristics 

2. Break the software quality characteristics into 24 sub-characteristics 

3. Narrow down to five quality characteristics 

The three steps are illustrated in Figure 2.2. In the following paragraphs, we introduced them in order. 

Step 1: Create seven software quality characteristics 

In Step 1, we identified seven main software quality characteristics. We chose to adopt ISO/IEC 25010 
standard, an international standard provides a general software quality evaluation model, as the 
fundament of the characteristics. 

The ISO standard consisted of eight software quality characteristics. They are all illustrated on the upper 
part of Figure 2.3. Out of them, we chose six (the upper part of Figure 2.3, with solid borders) with two of 
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Figure 2.2 Evolution of Software Quality Characteristics



them renamed (the lower part of Figure 2.3, with dark backgrounds). We also created one additional 
characteristic. (the lower part of Figure 2.3, with a bold border) The characteristics used by us are 
presented in the lower part of Figure 2.3. Their full content together with the sub-characteristics are listed 
and described in Appendix J.  

We excluded two of the ISO characteristics that do not suit our evaluation context. We renamed two 
characteristics whose original names were too narrow for our thesis. We created one characteristic to 
follow the recent advances in cloud technology. The final quality characteristics are discussed in Section 
4.1.  

Step 2: Break the software quality characteristics into 24 sub-characteristics 

In Step 2, we broke down the software quality characteristics into 24 sub-characteristics. We did so 
because we believe the high level characteristics are too general for evaluating technologies. The 
complete list and descriptions of the sub-characteristics are listed in the right column of Table 4.2. 
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Step 3: Narrow down to five quality characteristics 

In Step 3, we selected five most important sub-characteristics to fit the scope of the thesis. The selected 
five sub-characteristics are the final software quality characteristics we suggested in WeTS Guidelines. 
All of them will be used for assessing and comparing technologies. 

We performed the reduction by carrying out an semi-structured interview, which asks for industrial 
experts’ opinions. The interview is further discussed in Section 2.5.2. According to the interview result, 
we selected five sub-characteristics out of 24 as the final software quality characteristics. The final 
characteristics were: Documentation, Development Efficiency, Comprehensiveness, Readability and 
Reliability. They are listed as the underlined characteristics in the first column of Table 4.2. 

2.3.3 Evaluate WeTS Guidelines 

The (3) Assess Technologies phase is further divided into three sub-phases: (3a) Assess Technology Stacks 
Using WeTS Guidelines, (3b) Case Study and (3c) Evaluate Our Assessment. We first assessed the 
candidate technologies in Phase (3a), then carried out a case study in Student Competitions AB in Phase 
(3b). Finally, in Phase (3c) we evaluated our assessment by comparing our assessment results to the 
experts’ opinions gained in Phase (3b). 

(3a) Assess Technology Stacks Using WeTS Guidelines 

In the (3a) assess technology stacks Using WeTS Guidelines phase, we assessed candidate technologies 
for each final quality characteristic. For each characteristic, we developed a set of evaluation criteria, and 
used them to assess technologies. The Assessment results can be used in WeTS Guidelines for lazy 
readers who do not want to assess technologies by their own. 

(3b) Case Study 

In the (3b) Case Study, we performed a case study by conducting an unstructured interview with the 
industrial experts in Student Competitions AB. We learned their architecture of web applications, choice 
of technologies and the reasons behind it. The interview is discussed in Section 2.5.3. 

(3c) Compare WeTS Guidelines to Company Case 

In the (3c) Compare WeTS Guidelines to Company Case phase, we evaluated WeTS Guidelines by 
comparing our assessment procedure (which follows WeTS) to the experts’ selection procedure of the 
company case. The knowledge about the experts’ assessment were obtained in Phase (3b). We presented 
the evaluation results in Section 6.4. 

2.4 Evaluation Criteria 

The purpose of the evaluation is to verify the WeTS Guidelines developed in the thesis is practical and 
effective in real scenarios. The evaluation has two criteria:  

1. whether WeTS is effective in practice 
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2. how good WeTS is compared to Sqore procedure. 

For Criterion 1, we followed the WeTS Guidelines and selected a technology stack. We used WeTS 
Characteristics and WeTS Algorithm, not only because we believe they suit SMEs well, but also because 
we wanted to test all three part of WeTS Guidelines. We believe if we can select a technology stack 
successfully, WeTS Guidelines are effective in practice. 

For Criterion 2, we compared the WeTS Guidelines step by step with the technology selection procedure 
of Sqore. We first found the difference between the two procedures, then analyzed the result deductively. 
By doing so, we made a conclusion about the advantages and disadvantages of WeTS Guidelines, 
compared to Sqore procedure. 

2.5 Sampling 

The respondents of the research were two groups of web developers: Group 1 consisting of eight 
experienced developers who worked in various companies and Group 2 consisting three developers from 
Student Competitions AB, the company which commissioned our work.  

The Group 1 of respondents were selected with convenience sampling method and specific selection 
criteria. Respondents had to be experienced web developers who had worked in successful web projects 
for at least one year. Their roles had to be either technicians, web developers, system architects, or other 
roles that possess knowledge appropriate for our study. In order to provide pertinent feedback on web 
technologies, it is important that the respondents have worked in the area for long enough in relevant 
roles.  

The Group 2 of respondents were Student Competitions AB employees who had worked in one or more 
web projects in the company. Their selection was also based on the convenience sampling method and 
selection rules. The selection rules implied that the individuals must have knowledge about the early stage 
of current projects in the company and they must be present when the early decisions about current 
technology stacks were made. Otherwise, they would not be able to provide us feedback on how they 
chose the current technology. 

2.6 Instruments  

In our research, we used three research instruments. These were (1) Evaluation Criteria for Web 
Technologies, (2) Semi-structured Interviews and (3) Unstructured Interviews. The instruments were used 
to obtain and analyze data for our research. They are introduced in Sections 2.5.1 - 2.5.3. 

2.6.1 Software Quality Characteristics for Web Technologies 

We compared the technologies in five software quality characteristics. They were: Documentation, 
Development Efficiency, Comprehensiveness, Availability and Repairability. Their meanings are briefly 
defined in Table 2.2. A technology may be better than another in the context of one characteristic and with 
another characteristic the result can be totally different. 
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2.6.2 Semi-structured Interview 

The purpose of the semi-structured interview was to help us understanding among all software quality 
characteristics, which of them were considered more important than others by experienced developers, so 
that we could narrow down our software quality characteristics. The interview was conducted via a 
questionnaire survey. 

The respondents of the survey were mainly web developers in Start-ups and SMEs, and/or with 
experiences in small medium companies. Geographically, we chose to focus on Scandinavia due to the 
fact that the web industry is highly developed and the convenience to reach out in the company’s network. 
The goal is to get more than 5 high quality answers to the questionnaire.  

Table 2.2 Criteria for Web Technologies 

The questionnaire includes both qualitative and quantitive questions. It is designed to be able to collect 
answers through multiple channels. Before starting the construction of the questionnaire, we exchanged 
ideas with a few domain experts to pre-verify the criteria before we send it out to the public. 

In the questionnaire, we grouped questions into seven sections, each standing for a general level software 
quality characteristic presented in Section 4.1. Within each section, there were three to five questions, 
each standing for a sub-characteristic presented in Section 4.2. For each sub-characteristic, the 
interviewee was asked to rate, on a scale of 1 to 4, (4 being most important 1 being least important), how 
important each one was. In the end of each section, there was a comment field for explaining the reasons 
they had made the choices. 

Besides the questions directly relevant to the criteria, the questionnaire included questions on 
interviewee’s contact information and whether we could get back to them for further questions, in case 
there would be answers and comments we later found difficult to understand. 

2.6.3 Unstructured Interviews 

Unstructured interviews were carried out to understand current technology stack in Student Competitions 
AB. We interviewed the developers who took part in the decision on choosing technology stacks. The 
interviews were unstructured. There were no questions prepared in advance. However, the interview was 
mainly surrounded by the following questions: 

• Which technologies were used in Sqore products? 

Characteristic name Description

Documentation The knowledge about the technology is well documented.

Develop efficiency The ability to develop a given function in a comparatively short time.

Comprehensiveness Sufficient set of functions for specified tasks and user objectives.

Readability Code written with a technology is objectively easy to read.

Repairability When problem occurs, it is easy to identify and solve.
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• Why did you choose to use the technology? How was the decision made? 

The interview was carried out in the Student Competitions AB office. The respondents were free to 
express their reasoning of selecting technologies for Sqore products. We also got access to meeting notes 
where the discussions regarding technology choice took place. Through the unstructured interviews, we 
collected information about how the current technology stack was chosen. 

2.7 Validity Threats 

The traditional validity criteria for quantitative research does not suit qualitative research very well. Guba 
and Lincoln proposed an alternative set of criteria in their book. These four new criteria are: credibility, 
transferability, dependability and confirmability.[12] Below, we describe how we tackled the threats for 
those the validity criteria, respectively. 

2.7.1 Credibility 

Credibility implies that the data collected from the research respondents are accurate and reflect their 
opinions. Potential misunderstanding of respondents’ opinions were the main threats to credibility. To 
reduce the threat, we sent back our survey and interview results for control back to our respondents. After 
they confirmed the results, we considered our results credible for this specific study. 

2.7.2 Transferability 

Transferability refers to the degree to which the results of qualitative research can be generalized or 
transferred to other contexts or settings.[13] One way of reducing the transferability threats is thick 
description. Thick description stands for giving enough details so the readers can decide for themselves if 
the results are transferable to their own contexts. [14] In our thesis, we always described the conclusion 
we drew as well as the context where we drew it. For instance, when describing the reason of selecting 
particular technologies of developers working in a company, we presented the company size, business 
type, experience of using other technologies and so on. From the given information the readers can decide 
if the context of our research can be transferred to their own context. 

2.7.3 Dependability 

Dependability threats come from the changing context in the subject being studied [14], which, in our 
case, are the candidate technologies. In order to tackle the threats down, we carefully observed the 
technologies, and made sure that they do not change so frequently to affect our study result. 

2.7.4 Confirmability 

Confirmability entails full revelation of the data upon which all interpretations are based, or at least the 
availability of the data for inspection.[14] The threats come from the difficulty of accessing our original 
data. In order to enable the readers to do so, we presented the most raw original data, such as, for 
instance, the raw answers to the questionnaire, the documents and source code we studied, and so on. 
However, we did not preserve the exact transcript of the unstructured interviews but used our own word 
to present the information. We asked the interviewees to confirm our interpretation of the interview 
content to reduce the threats.  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Chapter 3 Extended Background 
This chapter introduces the background knowledge of the Web, web pages and web applications, as well 
as current mainstream technologies in web development. Section 3.1 introduces the concept of web and 
web pages. Section 3.2 introduces web applications. Section 3.3 introduces the available web 
development technologies. 

3.1 Web and Web Page 

Web, also known as World Wide Web, is the most popular way of presenting information on the Internet. 
It is common to use HTTP protocol [15] to transmit data from the contents provider (server) to the 
computers of users (clients). 

A web page is the content served by the web, and is expressed as machine-readable code in a predefined 
syntax, called HTML, defined by IETF[16]. A special program known as “Browser” takes machine-
readable code, renders it in the predefined way, and presents the results to the user. Thus it turns machine-
readable code into human-readable media type, such as text, images. Web pages can be either static ( pre-
written, stored in a storage device) or dynamically generated by a web application. 

Web pages can be linked to each other in a special way called hyperlink. With a hyperlink, users can click 
on a specific part of a page and jump to another web page. The allows the interaction between the user 
and the website. 

3.2 Web Application 

There is no generally agreed definition about web application. Broadly speaking, it is any software that 
runs in a web browser. To differentiate a web application from a web page which mainly serves static 
content, we define web application as a program that utilizes “dynamically generated web pages” to serve 
users. A web application can provide information to users, do computations for users, take commands 
from users and control other devices, and so on. The static web pages generally are much easier to build 
than web applications. This thesis focuses on dynamic web application development. 

Generally speaking, a web application requires a way to store data, an engine to generate the web page 
dynamically, and a component to receive requests from users and send back generated web page to users. 
It also needs hardware and software environment to run on. 

3.3 Web Technologies 

The process of developing a web application involves a full stack of technologies. In most cases, the 
server side consists necessary parts as below: server OS, database, program language, web framework and 
HTTP server. On the client side, in order to perform some operations in the user’s browsers, JavaScript is 
needed. 
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Figure 3.1 The Architecture of a Typical Web Application 

As shown in Figure 3.1, the following is a typical flow of web request: 

1. User’s browser sends an HTTP request to the HTTP server, which runs on the server’s operating 
system (OS). This process could be initiated either by front-end JavaScript code running in the 
browser, or by the user’s action directly. 

2. The HTTP server forwards the request to the application. There are different ways an HTTP 
server can send request to the application. 

3. The application probably needs to send a query to the database to check relevant information that 
is stored previously. After getting the response, the application sends the response to the HTTP 
server. 

4. The HTTP server forwards the response to the browser for the user. The response can be handled 
and processed further more by the front-end code, or directly rendered by the browser and present 
to the user. 

Web application’s main role is to handle and process the request, then respond with relevant data to the 
user. During the process, the application might need to fetch data from the database server. The primitive 
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way to develop a web application is to build everything from scratch. In this case, a web developer would 
have to implement the interface to the HTTP and database. However, almost all web applications need to 
interact with HTTP protocol and database. It is efficient to extract these functions into a public 
component, so the developers can just use these components instead of reinventing the wheels all the 
time. In this case, the main work for a web developer is to use a programming language supported by the 
web framework, and implement the functions that are unique to this application. Table 3.1 is a map of all 
potential technologies that could be used when developing a web application. 

Table 3.1 A List of Web Technologies 

Category Technology Category Technology

Back-end Languages

Ruby

Databases

MySQL

Python PostgreSQL

JavaScript SQL Server

Java Redis

Php MongoDB

Golang Oracle DB

Erlang HBase

Back-end Frameworks

Ruby on Rails Riak

Django Neo4j

Java EE CouchDB

.NET Framework

HTTP Server

Apache

Node.js Nginx

Front-end Languages

JavaScript IIS

CoffeeScript

Hosting platforms

Cloud Servers

ActionScript PaaS

Front-end Frameworks Angular.js Physical Machine

Backbone.js

Spine.js

jQuery

Ember.js
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3.3.1 Server OS 

A running OS environment is the base of a web application. It can either be installed on developer’s/
user’s own OS on a machine, or have a PaaS platform, which provides controlled environment just for 
running the application. The available options are: 

1. Installing an OS on a Virtual Private Server (cloud servers are a kind of them) 

2. Installing an OS on a dedicated Physical Server 

3. PaaS platform 

Where “installing an OS” actually includes both Windows and Linux, two major widely-used OSes for 
web applications. 

As the name suggests, a VPS is virtual without owning a physical machine. However, the system 
administrator can treat it as a physical server. Usually, several virtual servers are hosted on a single 
physical server or a cluster of physical servers. The advantage of being virtual is the flexibility, which 
means you can increase or decrease the hardware resources of the server dynamically. Naturally, in 
exchange for the flexibility, virtual servers cost more than physical servers with the same computational 
power. 

A dedicated physical server is similar to a powerful desktop computer we use daily. Those servers are 
usually hosted by professional organizations, to get better technical support and internet connection. 
Dedicated servers are powerful and cheaper for price per unit, but it demands maintenance and is difficult 
to scale up. 

Building the web application on a PaaS platform is also a good choice. A PaaS platform is a controlled 
environment designed for a specific language or framework, where you can deploy your web application 
directly without configuring the operating system by yourself. The application-oriented design of those 
platforms can both be advantages and disadvantages. One can easily set up his application without going 
through a long process of configuring the environment. Meanwhile, it is difficult or nearly impossible to 
install software not included by the PaaS provider. Google App Engine and Heroku are two popular PaaS 
providers for web applications. 

While using a VPS or a physical server, one also needs to decide what operating system to use. Linux and 
Windows are two widely-used server for hosting web applications. There are other OSes, but their market 
share are too little. 

Windows is a well-known commercial OS provided by Microsoft. It comes with a GUI interface and a set 
of Microsoft provided environment. Since it’s a commercial OS, users can get technical support from 
Microsoft, which could be a huge advantage. It supports the Microsoft development tools and runtime 
environment best. It could be expensive if one adopts the Windows Server and purchase related software 
from Microsoft. 

Linux is an open source and free software initially development by Linus Torvalds. Being free is a great 
advantage on the cost to deploy. The majority of Linux servers are operated by text-based commands. 
Normally, Linux comes with no warranty, which means the user has to solve problems on his own. There 
are also commercial distributions available offer professional service and technical support, such as 
Redhat or SUSE. As a free OS, most free softwares choose Linux as the primary running OS which 
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usually results in better compatibility. For instance, git, a free version control tool, works well in Linux 
while being difficult to configure in Windows. Since almost all services and products are free on Linux, 
the running expense is usually lower than having it on a Windows server. 

Figure 3.2 indicates current market share of server operating systems on web servers. [17][18] As we can 
see, around 67% of the operating systems is UNIX-like(See Appendix I). Among them, the one with the 
most market share is Linux. There are more Linux servers that cannot be identified, lying in Unknown 
UNIX section. 

3.3.2 HTTP Server 

Three widely used general-purpose HTTP servers are Apache, Nginx and Microsoft-IIS [19]. They all 
support various programming languages, provide good functionality and good performance. Figure 3.4 is 
a chart of the market share of HTTP servers.[19] 

Apache is an open-source web server developed by Apache Software Foundation. It uses a process-based 
model to handle multiple requests. With its launching in 1996, Apache quickly became popular and 
remains to be the most popular web server in the world since then. 

Nginx is also an open-source software. It can be served as a reverse-proxy, a load-balancer as well as an 
HTTP server. It aims for high-speed serving and low memory usage. It uses event model instead of 
process model of Apache, which makes it extremely  fast. Due to it’s light weight yet not sacrificed 
performance, Nginx is also widely used today and has managed to increase market prevalence. 

Microsoft-IIS is a HTTP server provided by Microsoft. It is specifically designed for and runs only on 
Windows. IIS is widely used on Windows servers. 
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Table 3.2 List of Databases 

3.3.3 Database 

Generally, databases can be categorized into Relational DataBase Management System (RDBMS) and 
non-RDBMS. RDBMS is based on the relational model as introduced by E. F. Codd, of IBM's San Jose 
Research Laboratory [20]. In an RDBMS, not only data itself but also the relations to the data are saved. 
SQL are the most widely used interface language for RDBMS. Non-RDBMS are rather new. Therefore 
there is no standard paradigm for non-RDBMS. Table 3.2 lists some popular Non-RDBMS databases: 
MySQL is an open-source SQL database, developed by Michael Widenius, initially owned by a Swedish 
company MySQL AB. Now it’s owned by Oracle. The community version is free. 

Microsoft SQL Server is a SQL database owned by Microsoft. There are several versions of SQL Server. 

PostgreSQL is an open-source SQL database, which aims on extensibility and standards-compliance [21]. 
It supports JSON fields, which could be used to store documents. 

Oracle DB is a commercial database developed and owned by Oracle. 

MongoDB is an open-source document database. The native data structure is JSON, which allows data to 
be embedded for infinite level. It is highly scalable, supports map-reduce, the native interface language is 
JavaScript. It supports relations, but the speed of querying relational data is slow. 

CouchDB is also an open-source document database. It uses HTTP as the interface, and JSON as the data 
structure. It is scalable and can do map-reduce. It is built for offline, which means it can work even if the 
network connection is occasionally available. 

Riak is an open-source, fault-tolerant key-value NoSQL database implementing the principles from 
Amazon's Dynamo paper [22]. Riak is a key-value data storage, and its native interface is HTTP RESTful 
API, one can directly access the data via HTTP requests. Riak also scales well, and support map-reduce.  

Redis is an open-source, networked, in-memory, key-value data store with optional durability [23]. In-
memory storage makes Redis extremely fast for frequently reading and writing. In addition, Redis could 
also write the data to disk periodically in order to provide some level of persistency. 

3.3.4 Programming Language and Web Framework 

In a web application, we need both server-side code and client-side code. On the client-side, it is 
straightforward — most browsers support JavaScript only. The alternatives in the server-side are  much 
more complicated. 

RDBMSes Non-RDBMSes

MySQL MongoDB

PostgreSQL CouchDB

SQL Server Riak

Oracle DB Redis
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Generally speaking, any language can be used as the backend language to develop a web application, as 
long as it can handle a request and give a response in HTTP protocol. However, some languages are not 
suitable for web development, for example, C language. C’s high running efficiency makes it a good 
language for system development. But it does not handle memory management by itself, and it does not 
support string type well. That makes writing a web application in C time-consuming. 

There are common functions shared between web applications. To avoid rewriting them every time, a web 
framework is usually used. The frameworks are usually tied to a specific language, so the choice of the 
languages are almost settled when the server-side programming framework is chosen. 

According to [24], the market share of server-side programming language is denoted in Figure 3.4. Note 
that they do not sum up to 100% because some websites use multiple languages. In this thesis, we 
evaluate the following programming languages: Java, Php, C#, Python, Ruby, Golang, JavaScript, 
Erlang. 

Java 

Java is a computer programming language that is concurrent, class-based, object-oriented, and 
specifically designed to have as few implementation dependencies as possible[25]. It revolutionized the 
market by its famous “Write once, run everywhere” slogan. The flexibility is achieved by utilizing a thin 
virtual layer on top of the physical hardware, named JVM. Java source code is compiled into bytecode 
running on JVM. These bytecode essentially runs on every machine where JVM is installed. In contrast to 
C/C++, Java can automatically detect the boundary of arrays, and can free unused memory automatically. 
That makes developing in Java much easier than in C. With all these convenience, Java code runs fairly 
fast, even comparing to C code. Java grammar is however a bit tedious compared to some scripting 
languages such as Python and Ruby, and it does not support meta-programming very well. 

There are a great number of web frameworks for Java. JSP and JSF are officially provided by Oracle, and 
there are others. The newest popular framework is Spring. 

!19

Figure 3.3 HTTP Server market share 

5%
14%

21% 60%

Apache
Nginx
IIS
Other



Php 

While created, Php stood for “Personal Homepage”. As the name suggests, it is designed for web 
development. It is interpreted by a web server with a PHP processor module [26]. Despite some design 
flaws due to its age, it is very popular. 

C# 

C# is developed by Microsoft, as a competing product to Java. With a similar technique, C# claims to be 
cross-platform. However, Microsoft does not offer business level support for C# on other platforms which 
makes it only community driven. Microsoft provides .NET framework for web development, which is 
very popular on Windows platforms.  

Python 

Python is a dynamic script language. It does not compile source code into binaries. Instead, a Python 
interpreter interprets the source code line by line. With the help of the interpreter, Python is fully 
dynamic. Developers do not have to worry about memory management, nor variable declaration, not even 
the type of variables. Same as Java, Python is platform-independent. There is a large library available for 
Python, which makes Python more powerful. There are several web frameworks for Python. The most 
widely used one is Django. Other frameworks such as WxPython, Web.py are also used. 

The major disadvantage of Python is the version incompatibility. Python 3 has been released for years 
from now, but is still not widely used. The wide adoption of Python 3 is hold back by its incompatibility 
with Python 2, which a great number of existing system are built with. With a large amount of existing 
codebase, it is hard to migrate to the newer version. In addition, the running speed of Python is slower 
than Java. 
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Ruby 

Similar to Python Ruby is a powerful dynamic language supports cross-platform runtime. Ruby’s support 
for  metaprogramming makes it highly efficient and flexible. Ruby grammar is less strict than Python. 

Ruby on Rails is the major web framework for Ruby. It is well-designed, revolutionized the industry, and 
inspired a huge amount of web frameworks for other languages. The difference in terms of languages 
themselves between Ruby and Python is not big, but what makes a difference is the web framework. 
Ruby on Rails introduces “Convention over Configuration” philosophy, and yet highly customizable. 
With Rails, one can develop a web application incredibly fast. The executing speed of Ruby is not as fast 
as Java. And a major disadvantage is that Ruby does not support system-provided multi-threading, which 
means a process cannot utilize multi-core processors. 

Golang 

Initially developed by Google in 2007, Go language known as golang, is new compared to the others. It is 
a compiled, static language, aims for system programming. The syntax is derived from C, but is 
dramatically influenced by dynamic script languages such as Python and Ruby. Go supports automatic 
memory management, which reduces the complexity to programming in Go. 

Since Go is a static language, the executing speed of Go is fast. Go is not yet widely used among web 
developers yet. But it shows a great potential. That is why we list it here. 

JavaScript (Node.js) 

JavaScript is widely used in the client side, in user’s browsers. People might get the impression that 
JavaScript is a language for the browser. This is not entirely true, a JavaScript runtime platform created in 
2009, Node.js[8], enables us to run JavaScript on the server-side as well. 

Node.js is a platform to run JavaScript on the server side instead of in users’ browsers. It is built on 
Google Chrome’s V8 JavaScript engine. It provides the essential APIs for a server-based application. 

Erlang 

Erlang is famous for its concurrency. Developed in 1986, Erlang aims for scaling without modifying the 
code at all. Erlang is a functional programming language, which means a function in Erlang does not 
make any side effects. In Erlang, variables can not change their values once assigned which ensures 
scalability. 

The unique programming paradigm makes programming in Erlang a bit different. But its scalability is 
appealing for a web application aiming for large amount of users. 
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Chapter 4 Software Quality Characteristics   
This chapter describes the Software Quality Characteristics we used to evaluate and compare various 
technological stacks for web development. Based on modification of ISO/IEC 25010, Section 4.1 
identified Higher Level Software Quality Characteristics for web development. Section 4.2 we identified 
a number of sub-characteristics that more specifically describes each Software Quality Characteristics. 
Section 4.3 narrowed down the number of sub-characteristics in order to suit the scope of the thesis. 

4.1 Higher Level Software Quality Characteristics for Evaluation Criteria 

The ISO/IEC 25010 standard suggests a set of software quality characteristics as follow: functional 
suitability, reliability, operability, performance efficiency, security, compatibility, maintainability and 
transferability. Based on the ISO standard and our understanding about web industry, we excluded the 
irrelevant characteristics by industry common sense, addressed new ones missing in the standard,  
resulting in seven characteristics: functionality, reliability, operability, performance, security, 
maintainability and scalability, as illustrated in the lower part of Figure 2.3. The reason of each 
modification are described in the following paragraphs. 

We started by removing two characteristics from the ISO standard: (1) transferability. Transferability 
focuses on the ability for a software to be ported to another platform. In our case of web development, 
developers build the applications on the server side, which does not require transferring to other types of 
platforms. Therefore, transferability is not so important in web development. (2) compatibility. We 
excluded compatibility because all candidate technologies in the thesis were all widely-used in the 
industry. We can consider them all with good compatibility. One special case is the back-end frameworks 
are usually made for specific programming languages, for instances, Rails was created for Ruby language,   
Django was made for Python. Any discussion about web frameworks needs to be analyzed with specific 
programming languages, hence we treat back-end languages and frameworks as a whole part. 
Consequently we do not need to discuss the compatibility. 

The next step was to rename two characteristics. We renamed: (1) functional suitability to functionality 
because the name “functionality” covers a wider area than the original wording. (2) performance 
efficiency to performance, because performance included more aspects than just efficiency.  

The final step was to add a characteristic, scalability. Scalability was drawing more and more attentions in 
the industry, since the modern cloud computing technology enabled us to scale up the applications instead 
of simply buying larger servers when we want to increase the performance of web applications.  

4.2 Sub-characteristics  

In this section, we broke down the main characteristics into a number of sub-characteristics. It turned out 
to be 24 of them, each belonged to one of the seven higher level quality characteristics, shown in Table 
4.1. In the following subsections, we present them, respectively. The detailed meaning of each sub-
characteristics can be found in Appendix J. 
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4.3 Selected Characteristics (Result and Analysis) 

Due to the limitation on the scope for this thesis, we needed to narrow down the number of characteristics 
for evaluating technology stacks. We have made the choice based on industry’s preference and our 
knowledge. 

We collected eight answers from the questionnaire. Each of them gave a score from 1 to 4 points to each 
of the characteristics. The raw result is shown in the Appendix B. We calculated the average score for 
each characteristic and presented them in Table 4.2. 

Among the criteria, the ones with top 5 scores  are in Table 4.3. We apply the criteria in Table 4.3 to 1

relevant technologies in Chapter 6. In Chapter 7, we analyze full technology stacks build by various 
technologies.  

 In the result, there was a tie for the fifth, sixth, and seventh ranked characteristic. We decided 1

Repairability to be the fifth one.
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Table 4.1 Software Quality Characteristics 

Table 4.3 Characteristics with the Highest Scores for Importance

First-level Quality characteristics Sub-characteristics

Functionality • Comprehensiveness
• Accuracy
• Currency ( Up-to-Date )

Reliability • Availability
• Robustness
• Repairability

Operability • Learnability
• Usability
• Develop Efficiency
• Accessibility

Performance • Time Behavior
• Resource Utilization

Scalability • Load Scalability
• Generation Scalability
• Geographic Scalability
• Data Scalability
• Expandability

Security • Encryption Ability
• Access Control
• Intrusion Control

Maintainability • Readability
• Well Structured
• Documentation
• Extensibility

Documentation 3.63

Develop Efficiency 3.50

Comprehensiveness 3.38

Readability 3.38

Repairability 3.25
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Table 4.2 Average Score of Characteristics 
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Characteristic name Description Score

Comprehensiveness Sufficient set of functions for specified tasks and user objectives. 3.38

Accuracy Provides right or specified results with the needed degree of precision. 3.25

Currency Continuously being updated, evolved, developing community is 
credible and active.

3.25

Availability Always operational and available. 3.13

Robustness Robustly built, high fault tolerance capacity, low impact by environment 
changes.

3.13

Repairability When problem occurs, it is easy to identify and solve. 3.25

Time Behaviour Running speed. 2.50

Resource Utilization Requires less resources to run appropriately. 2.50

Encrypt Ability The ability to encrypt the data. 2.71

Access Control Comes with proper Authentication and Authorization, actions of an 
entity can be traced uniquely to the entity.

2.75

Intrusion Control It comes with the ability to detect, monitor, prevent, control security 
intrusion.

2.63

Learnability Short learning curve. 2.38

Usability Easy to use. 2.88

Develop Efficiency Develop efficiency. 3.50

Accessability Easy to access. 2.88

Readability Code written with a technology is objectively easy to read. 3.38

Well-structured Objectively lower level of dependency and nesting. 3.00

Documentation The knowledge about the technology is well documented. 3.63

Extensibility It comes with the ability to enhance the system by adding new 
functionality at minimal effort.

2.38

Load Scalability It is easy to expand and contract its resource pool in order to 
accommodate higher loads or number of inputs, could be scaled 
vertically and horizontally.

2.50

Generation 
Scalability

The ability of a system to scale up by using new generations of 
technology, for example, Rails 3 to Rails 4

2.38

Geographic 
Scalability

It is easy to scale web application to other geographic locations. 2.38

Data Scalability Storage scalability and data relation (complexity) scalability. 3.00

Expandability The potential of combining with other technology when necessary. 2.88
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Chapter 5 WeTS Guidelines 
This Chapter focuses on introducing WeTS Guidelines. Section 5.1 is an overview of the WeTS 
Guidelines. Section 5.2 - 5.4 presents the three part of WeTS Guidelines, respectively. They are Section 
5.2: WeTS Processes, Section 5.3: WeTS Algorithm and Section 5.4: WeTS Software Quality 
Characteristics. 

5.1 Overview 

The Web Technology Stack (WeTS) Guidelines consist of three parts. They are 1) a set of processes 
which are instructions for the readers to follow, 2) an algorithm which is used to calculate the overall 
quality of a technology stack for a quality characteristic, based on its individual technology scores and 3) 
suggested software quality characteristics which the technologies are compared with. Among them, Part 1 
is the core of WeTS Guidelines. Part 2 and 3 are optional and can be replaced if necessary. However, we 
strongly recommend the reader to use our suggested ones. The overview of WeTS Guidelines is presented 
in Figure 5.1. 

5.2 WeTS Processes 

The processes of WeTS Guidelines are a set of instructions to follow. They should be carried out in the 
given order. By following them, the reader would be able to select the web technologies suit them most. 
The instructions are: 

1. Identify quality characteristics 

The first step of the guidelines was to identify software quality characteristics in which the 
candidate technologies are compared. The readers should make a list of desired quality 
characteristics of web technologies and sort them by their importance. To keep the scope of the 
evaluation in a reasonable size, select only necessary characteristics. For the readers who do not 
want to or are not capable of concluding their own characteristics, we have a list of suggested 
characteristics. 

2. For each selected quality characteristics, define evaluation criteria 

Step 2 is to define evaluation criteria for each selected quality characteristic. The evaluation 
criteria are ways of assessing and comparing technologies in the perspective of a certain quality 
characteristic. Within each quality characteristic, the reader can still choose different criteria for 
each technology category, if necessary. 

3. Identify candidate technology stacks 

Step 3 is to identify candidate technology stacks. The readers can either build their own candidate 
technology stacks or adopt existing technology stacks that are widely used in practice. It is 
important to make sure the technologies in the stacks are compatible with each other. 

4. For each technology stack, evaluate with it’s evaluation criteria 

4a. Score each technology 
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In Step 4a, the reader should assign a numeric score to each technology. The scores are 
given according to the evaluation criteria. 

4b. Score technology stacks 

 In Step 4b, the reader calculates the scores of each technology stack by aggregating the 
technology stack scores. The aggregating algorithm is introduced in Section 5.2. 

4c. Make evaluation according to the scores 

In Step 4c, the reader evaluates the technology stacks by comparing the technology stack 
scores. 

5. If the evaluation results are not satisfactory, repeat Step 3-5 

Step 5 is to examine if the scores of the candidate technology stacks are satisfactory. If one of 
them are satisfactory, use it. If none of them are satisfactory, repeat Step 3-5 until a satisfactory 
technology stacks is found. 

5.3 WeTS Algorithm 

The goal of WeTS Algorithm is to model the quality of technology stacks based on the stacks’ consisting 
technologies. Firstly, the quality of each individual technology is represented by score from 1 to 5.  WeTS 
Algorithm takes the arithmetical average of the summation score of all technologies within a stack to 
conclude the technology stack’s quality score. 

To express the algorithm in an equation, let us explain the notations used in it. Assume N is the number of 
technologies apply to it, x1, x2, …, xN are the quality scores of technologies with a certain characteristic, A is 
the overall quality score of the technology stack for the given characteristic, we have Equation 5.1. Apply 
it with each characteristic, the overall technology stack score can be calculated. 

The fundamental idea of Equation 5.1 is that we believe while each technology has it’s own impact on the 
quality of the stack, the overall quality of a technology stack is equally influenced by each technology 
forming it. Therefore we took the arithmetical average of individual technology scores. Meanwhile, some 
software quality characteristics are not applicable to some particular technology categories. In this case, 
we advise to exclude the particular technology category from the equation. 

We suggest the reader to apply the algorithm on each software quality characteristic and on each 
technology stack. To begin with the algorithm, we first need to select a combination of them. The 
following part of the algorithm suitable for each of the combinations. 

To help understanding the algorithm, let us show an example. In the example we calculated the overall 
scores for each software quality characteristics of a technology stack. The stack uses Ruby on Rails, 
AngularJS, MySQL, Nginx and is hosted on a cloud server. Assume the criteria scores for each technology 

(5.1)
�
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are as presented in Table 5.1 (above the bold horizontal line), for example, the Documentation of Ruby on 
Rails is 4.5 points. After applying Equation 5.1 to each evaluation criteria, we calculated the overall 
quality scores for the technology stack. It is presented in the last row of Table 5.1. 

5.4 WeTS Software Quality Characteristics 

We concluded our suggested software quality characteristics based on the result of questionnaire in 
Chapter 4. There are five: Documentation, Developing Efficiency, Comprehensiveness, Readability and 
Repairability. The details of them are presented in Table 5.2 (they are the same as underlined 
characteristics in the left column of Table 4.2). We suggest the readers to use them in the processes of 
WeTS Guidelines if they do not want to identify their own characteristics. 

Table 5.1 An Example of the Evaluation Model of a Technology Stack 

Table 5.2 WeTS Software Quality Characteristics 

Category Technology Document-
ation

Develop 
Efficiency

Compreh-
ensiveness Readability Repair-

ability

Back-end 
languages 

and 
frameworks

Ruby on 
Rails 4.5 5 5 5

Front-end 
frameworks AngularJS 5 5 4 5

Databases MySQL 5 4 4 5

HTTP Server Nginx 2 5

Hosting 
platforms Cloud Server 5 3 5 5

Overall 4.3 4.25 4.67 4.5 5

Characteristics name Description

Documentation The knowledge about the technology is well documented.

Develop Efficiency Develop efficiency.

Comprehensiveness Sufficient set of functions for specified tasks and user objectives.

Readability Code written with a technology is objectively easy to read.

Repairability When problem occurs, it is easy to identify and solve.
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Chapter 6 Evaluate WeTS Guidelines 
In this chapter, we evaluated WeTS Guidelines by using it to select a technology stack, and comparing it 
to the technology selection process at Student Competitions AB. In Section 6.1, we present an overview 
of the evaluation. In Section 6.2, we briefly introduce how we followed the WeTS Guidelines to select a 
technology stack. In Section 6.3, we briefly introduce the case analysis which is how Sqore selected their 
technology stack. In Section 6.4, we evaluated WeTS Guidelines based on Sqore’s process. 

6.1 Overview 

In order to evaluate WeTS Guidelines, we first followed it and selected a technology stack, and describe it 
in Section 6.2. This is to evaluate WeTS based on Criterion 1 listed in Section 2.4. In addition, in order to 
evaluate WeTS based on Criterion 2 in Section 2.4, we carried out a case study on the Sqore procedure, 
and compared it with WeTS Guidelines. The study of Sqore procedure is presented in Section 6.3 and the 
comparison is made in Section 6.4. Section 6.5 is the conclusion of the evaluation. 

6.2 Selecting Technology Stack Using WeTS Guidelines 

In this section, we presented how we selected a technology stack by following WeTS guidelines in order 
to evaluate WeTS by Criterion 1. We followed Step 1 - 4 of the WeTS Processes, and used WeTS 
Algorithm and WeTS Characteristics. Table 6.1 is an overview of the processes we followed to select the 
technology stack. The “WeTS Steps” column lists all steps suggested by WeTS Guidelines. The “Our 
Selection Process” column describes how we followed the WeTS Guidelines. 

Subsection 6.2.1 - 6.2.4 describes the steps we followed in WeTS Guideline, each subsection describing a 
step in the WeTS Guidelines. Subsection 6.1.5 is a summary of our following the process of WeTS 
Guidelines. 

6.2.1 Step 1: Identify Quality Characteristics 

In order to fully evaluate the WeTS Guidelines, we used the software quality characteristics suggested by 
WeTS Guidelines. They were: Documentation, Development Efficiency, Comprehensiveness, Readability 
and Repairability. 

6.2.2 Step 2: For each selected quality characteristics, define evaluation criteria 

Due to the different nature of each evaluation criteria, we defined different evaluation criteria for each 
chosen software quality characteristic.  In this section, We only introduce the summary and conclusion for 
each characteristic. Further details can be found in the Appendix C - G. 
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Table 6.1 Our Selection Process According to WeTS Guidelines 

Documentation 

We developed four sub-criteria for the characteristic “documentation”. We believe they are all important  
aspects of high-quality documentation. Excelling on the four criteria makes a well documented 
technology. A detailed description of each evaluation criterion can be found in Appendix C. We present a 
brief list as below: 

• Total amount of documentation/coverage of the documentation, usually the more the merrier. 

• Easiness to understand the documentation, the easier the better.  

• Easiness to access and navigate through the documentation, the easier the better. 

• Documentation update frequency, the more frequently the better. 

Development Efficiency 

Due to the fact that each category of technology affects the development efficiency of the web application 
in different ways, we used different evaluation criteria for them. The details of the evaluation criteria can 
be found in Appendix D. 

• For back-end languages and frameworks, we combined feature analysis, task comparison and 
literature study.  

• For front-end frameworks and databases, we mainly studied the technologies and drew our own 
conclusion.  

WeTS Steps Our Selection Process

1. Identify Quality Characteristics We used WeTS Characteristics.

2. For each selected quality characteristics, define 
evaluation criteria 

We defined our evaluation criteria for each 
software quality characteristic respectively. 
(described in Section 6.2.2)

3. Identify candidate technology stacks We identified our candidate technology stacks to 
choose from. They are all widely used in the 
industry.

4. For each technology stack, evaluate it using the 
evaluation criteria. 
  4a. Score each technology
  4b. Score technology stacks
  4c. Make evaluation according to the scores

We followed each of the three sub-steps. As the 
result, we evaluated the candidate technology 
stacks.

5. If the evaluation results are not satisfactory, 
repeat Step 3-5. 

We skipped this step because we obtained a 
satisfactory technology stack.
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• For hosting platforms, we analyzed the convenience of technologies in two typical scenario. 

There were no criteria for Databases and HTTP servers because we believe all databases and HTTP 
servers are easy to configure hence they lay little impact to the overall development efficiency of the 
technology stack. They were excluded from the assessment of development efficiency. Details can be 
found in Appendix D. 

Comprehensiveness 

We used different evaluation criteria for different categories of technologies. For HTTP servers, we listed 
ten features that are useful in web application development, and assess the technologies based on them. 
For host platforms and databases, we studied the technologies and assessed them by our knowledge and 
experience. We believe all candidate front-end languages, back-end languages and databases are proved to 
be comprehensive enough for building web applications hence we excluded them from the assessment. 
The details of the evaluation criteria can be found in Appendix E. 

Readability 

It is hard to define a quantitative way of measuring the readability of an application (written in specific 
languages). Instead of doing so, we assessed the technology qualitatively. The details of the evaluation 
criteria can be found in Appendix F. The brief list of the evaluation criteria are listed below: 

• The code is well-structured in MVC design pattern. 

• The grammar of the code is clean and straightforward, there is no grammatical redundant. 

• No dirty hack is used in the codebase to achieve a certain functionality. 

• Providing the same functionality, the code is relatively short. 

Repairability 

The evaluation criteria we used was to examine the easiness of debugging. If a bug can be easily found 
and eliminated, the system is highly repairable. The details of the evaluation criteria can be found in 
Appendix G. 

6.2.3 Step 3: Identify candidate technology stacks 

The candidate technology stacks we chose were the ones that were widely used in the industry. The 
selection of the widely used technologies were based on the market share data (presented in Section 3.3) 
and our experience. The selected technology stacks are listed in Table 6.2. In Table 6.2, each row (except 
for the title) stands for a technology stack. Column 2 - 6 describes the technologies used in the stack for 
each category. The candidate technology stacks are numbered as Technology Stack 1 to Technology Stack 
4, as indicated in the first column from left. 
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Table 6.2 Candidate Technology Stacks 

6.2.4 Step 4: For each technology stack, evaluate it using the evaluation criteria 

Step 4 consisted of three sub-steps. They were (4a) Score each technology, (4b) Score technology stacks 
and (4c) Make evaluation according to the scores. We performed all of them in the order given by the 
WeTS Guidelines.  

For Step (4a), we scored each technology for each quality characteristics. The details of the scoring can 
be found in Appendix C - G, each appendix covers one quality characteristic. The scoring result is 
presented in Table 6.3. In Table 6.3, each one of Column 3 to 7 represents a software quality 
characteristic. Each row represents a technology and they are categorized as indicated in Column 1. 

For Step (4b), we calculated the technology stack scores by using the WeTS Algorithm. The results are 
presented in Table 6.4. Each one of Column 2 - 6 in Table 6.4 represents a quality characteristic. The 
number in Column 1 of Table 6.4 indicates the technology with the same number in Table 6.2. 

For Step (4c), we made evaluations according to the scores. To do that, we visualized the data into Figure 
6.2. Each technology stack in Figure 6.1 corresponds to the numbered technology stacks in Table 6.2. The 
better a technology’s overall quality is, the bigger the pentagon area with thick lines is. From Figure 6.1, 
we can easily conclude that Technology Stack 1 is what we need. It comes with a balanced pentagon area, 
all quality characteristics of it are above 4 points, which is very good. Since the result is already 
satisfactory, we did not perform Step (5). 

Number Hosting 
platform Database

Back-end 
language & 
framework

Front-end 
framework HTTP Server

1 Cloud Server MongoDB Ruby on Rails AngularJS Nginx

2 PaaS PostgreSQL Python + 
Django Ember.js -

3 Cloud Server MySQL Php Backbone.js Nginx

4 Cloud Server MySQL Java EE jQuery Apache
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Table 6.3 Technology Scores 

Category Technology Documentat
ion

Develop 
Efficiency

Comprehen
siveness Readability Repairabilit

y

Back-end 
languages 

and 
frameworks

Ruby on 
Rails 4.5 5 5 5

Python with 
Django 3 3 5 5

PHP 3 3 3 4

Java EE 3 3 2 3

.NET 
Framework 3 3 3 3

Front-end 
frameworks

Backbone.js 3 3 5 5

Spine.js 3 3 5 5

AngularJS 5 5 4 5

Ember.js 3 5 5 5

jQuery 5 1 3 5

Databases

MySQL 5 4 4 5

PostgreSQL 3 4 5 5

SQL Server 3 4

Redis 2

MongoDB 5 5 4 5

HTTP Server

Apache 4 5

Nginx 2 5

IIS 4

Hosting 
platforms

Cloud 
Servers 5 3 5 5

PaaS 5 5 3 3
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Table 6.4 Technology Stack Scores 

! !  

! !  

Figure 6.1 Visualized Scores for Technology Stacks 

Number Documentatio
n

Develop 
Efficiency

Comprehensiv
eness Readability Repairability

1 4.3 4.5 4.67 4.5 5

2 3.5 4.25 4 5 4.5

3 3.6 3.25 4.67 4 4.75

4 4.4 2.75 4.67 2.5 4.5
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Table 6.5 Selected Technology Stack 

6.2.5 Summary 

After followed the WeTS Guidelines, we concluded that the technology stack we need is Technology 
Stack 1 in Table 6.2. It includes Cloud Server, MongoDB, Ruby on Rails, AngularJS and Nginx. The 
selected technology stack is listed again in Table 6.5. 

6.3 Sqore Technology Stack Selection 

In this section, we present our case study in the company Student Competitions AB. The case study 
provides necessary data to compare WeTS and Sqore procedure. We carried out an unstructured interview 
to three employees of Sqore. The selection of interview respondents are presented as Group 2 in Section 
2.5. We did not record the interview content word by word, but we sent back the conclusion and it was 
confirmed by the team. 

6.3.1 Overview 

The company selected their technology stack by their own. When they selected it, the WeTS Guidelines 
were not available. However, they followed a similar process as the WeTS Guidelines suggest. There 
steps were: 

1. Identify Quality Characteristics 

2. For each selected quality characteristics, define evaluation criteria 

3. Define candidate technologies which were compatible with each other 

4. Evaluated each technology 

5. If no satisfactory technology were found for any category, repeat step 3 

6. For each technology category, select a best one according to the evaluation results. Combine them 
into a technology stack 

6.3.2 Step 1: Identify Quality Characteristics 

Sqore did not explicitly document what quality characteristic they chose. However, from the interview 
results presented in Appendix H, we concluded that their chosen characteristics were: development 
efficiency, readability, repairability and the their familiarity to the technologies. We noticed they laid great 
stress on scalability, but it turned out all modern technologies were designed to scale well, therefore there 
was no need to grade the technologies by scalability. 

Hosting platform Database
Back-end 

language & 
framework

Front-end 
framework HTTP Server

Cloud Server MongoDB Ruby on Rails AngularJS Nginx
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6.3.3 Step 2: For each selected quality characteristics, define evaluation criteria 

Sqore did not explicitly document their evaluation criteria. However, from the interview result, we 
concluded that they performed qualitative comparison across all technologies. The comparison was based 
on their own expertise in web development. 

6.3.4 Step 3: Define candidate technologies which were compatible with each other 

Sqore developers defined candidate technologies by listing the popular technologies used in the industry. 
When doing this, they had to make sure all technologies are compatible with each other. If the 
compatibility was compromised, they would meet problems in Step 6. Table 6.6 is a list of selected 
candidate technologies. 

6.3.5 Step 4: Evaluated each technology 

Sqore developers evaluated each technology according to the evaluation criteria. They did not document 
the comparison result in a way that is easy for analysis. However, we concluded the comparison results 
from the interview answers. We list all mentioned comparison results in Table 6.7. In the “Sqore 
Comparison Result” column, “>” means Technology A is better than Technology B, “<” means 
Technology B is better than Technology A, “=” means Technology A and B are at the same level in the 
characteristic. 

6.3.6 Step 5: If no satisfactory technology were found for any category, repeat step 3 

Sqore developers did not perform Step 5, because according to the comparison results, they believed that 
in each technology category, there is at least one technology that satisfied their needs. There is not need to 
repeat the previous steps. 

6.3.7 Step 6: For each technology category, select a best one according to the evaluation 
results. Combine them into a technology stack 

According to the comparison results, they selected the best technology in each category. Since in Step 3 
when choosing the technologies, they made sure that the technologies were compatible with each other, 
they did not have to consider the compatibility in Step 6. The final technology stack the selected were 
presented as Table 6.8. 

Table 6.6 Candidate Technologies of Sqore 

Category Technology

Back-end Framework and Language Ruby on Rails, Python with Django, PHP, Java EE, .NET 
Framework

Front-end Framework AngularJS, SpineJS, jQuery

Database MongoDB, PostgreSQL, MySQL

HTTP Server Nginx, Apache

Hosting Platform Amazon EC2 (Cloud Server), Heroku (Paas)
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Table 6.7 Comparison Results of Sqore Developers 

Table 6.8 Selected Sqore Technology Stack 

Technology A Technology B Quality Characteristic Sqore 
Comparison 

Result

EC2 Heroku Comprehensiveness >

EC2 Heroku Develop Efficiency <

Nginx Apache Comprehensiveness =

Nginx Apache Performance >

MongoDB PostgreSQL Comprehensiveness <

MongoDB PostgreSQL Develop Efficiency >

MongoDB PostgreSQL Scalability >

PostgreSQL MySQL Comprehensiveness >

Ruby on Rails Python with Django Develop Efficiency >

Ruby on Rails PHP Develop Efficiency >

Ruby on Rails Java EE Develop Efficiency >

Ruby on Rails .NET Framework Develop Efficiency >

AngularJS JQuery Develop Efficiency >

SpineJS AngularJS Documentation <

Category Technology

Back-end Framework and Language Ruby on Rails

Front-end Framework AngularJS

Database MongoDB

HTTP Server Nginx

Hosting Platform Amazon EC2 (Cloud Server)
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6.4 Evaluation of WeTS Guidelines 

In this section, we evaluate WeTS Guidelines based on Criterion 2 by comparing WeTS to the Sqore 
technology stack selection deductively. As presented in Chapter 4, WeTS consists of three parts: WeTS 
Processes, WeTS Algorithm and WeTS Software Quality Characteristics. As we present later in this 
section, Sqore processes were compatible to WeTS processes. They used their own characteristics instead 
of WeTS suggested ones and did not use an algorithm. Although no algorithm was used explicitly in 
Sqore, their process was established on the same fundament as WeTS Algorithm. Therefore, the 
evaluation was mainly focused on the processes and the algorithm. We compare processes in Section 
6.4.1 and compare algorithms in Section 6.4.2. Section 6.4.3 is a summary of the comparison. 

6.4.1 Process Comparison 

The comparison of the process is listed in Table 6.9, in which the left column is WeTS processes and the 
right column is the procedure Sqore followed. It is also visualized in Figure 6.2. The main difference 
between the processes were: In WeTS, we first identify technology stacks, then evaluate them. In Sqore, 
they first identify technologies, then evaluate them, finally assemble them into technology stacks. The 
different part is highlighted by bold borders in Figure 6.2. 

We found these two processes were compatible. There is an easy way of transforming the intermediate 
results of Sqore steps into the intermediate result of WeTS process steps. If the reader list every 
combination of candidate technologies select in Step 3 of Sqore processes and use them as the candidate 
technology stacks in WeTS processes, he could continue the process from WeTS Step 4. 
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Figure 6.2 Difference between WeTS and Sqore Selection Procedure 

Table 6.9 Comparison between WeTS Process and Sqore Process 

Identify Quality 
Characteristics

1

Define Evaluation 
Criteria

2

Identify Candidate 
Technology Stacks

3

Evaluate 
Technology Stacks

4

Satisfactory?
5

No

Yes

End

Identify Quality 
Characteristics

1

Define Evaluation 
Criteria

2

Identify Candidate 
Technologies

3

Evaluate 
Technologies

4

Satisfactory?
5

No

Yes

Assemble 
Technologies into 

Stacks

6

WeTS Sqore

WeTS Process Sqore Selection Process

1. Identify Quality Characteristics 1. Same as WeTS Guidelines.

2. For each selected quality characteristics, define evaluation 
criteria 

2. Same as WeTS Guidelines.

3. Identify candidate technology stacks 3. Define candidate technologies which were compatible with 
each other.

4. For each technology stack, evaluate it using the evaluation 
criteria. 
  4a. Score each technology
  4b. Score technology stacks
  4c. Make evaluation according to the scores

4. Evaluated each technology.

5. If the evaluation results are not satisfactory, repeat Step 
3-5. 

5. If no satisfactory technology were found for any category, 
repeat step 3.

6. For each technology category, select a best one according 
to the evaluation results. Combine them into a technology 
stack.
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6.4.2 Algorithm Comparison 

There is no algorithm used in Sqore selection explicitly. However, the Sqore process is established on an 
idea similar to WeTS Algorithm. The fundamental idea of Sqore process was that if all technologies in a 
stack is the best in a certain characteristic, the stack built by them is also the best in that characteristic, 
which complies with our algorithm. WeTS Algorithm uses arithmetic average, who ensures if all inputs 
are the greatest of the input set, the output is also the greatest.  

But further more, WeTS algorithm is also able to tell how each technology affect the overall quality even 
if they are not all the best ones. For instance, WeTS Algorithm is able to tell which of the followings is 
better: 1) a technology with excellent development efficiency working together with four poor ones or 2) 
five technologies with average development efficiency. The web developer who uses WeTS Algorithm 
can tweak their technology stacks by replacing technologies, in order to trade the quality in one 
characteristic for another. This can not be done in Sqore selection process. To summarize, we believe 
WeTS Algorithm is compatible with Sqore selection, and suits more scenarios than the latter. 

6.4.3 Summary 

After the comparison, we believe WeTS Guidelines is compatible with Sqore procedures since Sqore 
procedure can be transformed into WeTS Guidelines. We believe WeTS Guidelines are more versatile 
then Sqore procedures based on the algorithm comparison made in Section 6.4.2. 

There was a disadvantage we found for WeTS. It requires the application developer to identify a list of 
candidate technology stacks. This could be done by listing all combinations of candidate technologies. 
That could consume more time than Sqore process does.  

6.5 Conclusion 

As described in Section 6.2, we successfully selected a technology stack by following WeTS Guidelines, 
using all three parts of WeTS, including WeTS Process, WeTS Algorithm and WeTS Software Quality 
Characteristics. We conclude that WeTS Guidelines is effective in practice according to Criterion 1 in 
Section 2.4. 

As described in Section 6.4, we found WeTS Guidelines is compatible with Sqore procedure yet more 
versatile. The only disadvantage of WeTS is that since it needs identify technology stacks before assessing 
them, it could take more time to identify the combination of technologies.  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Chapter 7 Conclusions and Future Work 
This Chapter concludes the research and suggests possible future researches. Section 7.1 is the thesis 
conclusion. Section 7.2 introduces Student Competitions AB, the company who commissioned our work. 
Section 7.3 suggests the possible future works. 

7.1 Thesis Conclusion 

In the Thesis, we successfully developed WeTS Guidelines, which helps new web developers to choose 
technology stacks used in their applications. We evaluated our guidelines by comparing it to the case 
study results in Student Competitions AB. The evaluation proved that WeTS Guidelines are effective at 
helping web developers to choose the technology stack that suits them best. 

By creating WeTS Guidelines, we found that even though there are a large number technologies available, 
it seems to be very possible to choose the right technology stack for specific purposes. Most technologies 
are good enough for taking the web application to a high level. 

7.2 Future Work 

Due to the scope of the thesis, we are not able to carry out studies for all aspects. There are potential 
continual study we suggest for the future. 

The thesis has been focusing on a general comparison among all available technology stacks. In many of 
the cases, the choices are made between a couple of similar technologies, not necessarily in how the 
technologies are designed, rather the purpose of the technology. For instance, Python and Ruby are both 
good in developing efficiency, choice of either one will lead to a success if used properly. However, the 
way the languages are designed and how they should be used are quite different. Thus leaves a room for a 
potential future study to compare the two similar purpose technologies more deeply and thoroughly.  

Secondly, the algorithm for evaluation and grading was designed in a simple manner in this thesis. With 
more specified study, we shall have a chance to develop a more advanced algorithm. More 
mathematically sophisticated algorithm could be introduced.    

Thirdly, we can expand the scope of the study to more targeting groups. On one hand, it could be 
targeting more than SMEs. On the other hand, we could drill down the targeting group. With more 
specific requirements and more defined context, we could suggest technology more accurately. 

Lastly, we only carried in depth study for 5 of the 24 software quality characteristics based on our 
interview and survey result. The scope could be replaced or expanded based on different situation each 
company has. Meanwhile, there is a room for more quantitative studies to avoid subjective opinions.  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Appendix A Glossary 

Operating System 

Shorten as OS. Computer programs that manages the hardware resources and provide basic functionality 
to applications, so the applications don’t directly interact with the hardware. 

UNIX-like OS 

A Unix-like operating system is an OS that works in a similar way to UNIX. Linux is one of them. 

SME 

SME stands for Small and Medium Enterprise. 

Web 

Also known as World Wide Web, the most popular way to present information on the Internet. A user can 
use a web browser to retrieve and present information. 

Web Page 

The content shows in the users’ browsers. They may include text, pictures, videos and so on. They can be 
linked to each other through hyperlinks. 

Web Application 

Interactive web pages which usually presents the content depending on users’ input instead of showing 
the same content every time. Modern web applications behave similar to a desktop application. 

Web Developer 

Developers who make web applications. 

HTTP 

The most used protocol to transmit web pages. The users’ browsers send HTTP requests and the HTTP 
Server sends back the HTTP responses, which contain the content. 

HTTP Server 

The program running on server computers that listen to HTTP request and returns the response. 

Database 
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The program used to persist data. A web application can store data into the database and retrieve it when 
needed. 

Server-side 

The code that is executed on the server. The developers have full control of the server, so it is more secure 
to malicious users and easier to manage. 

Client-side 

The code that is executed on users’ browser. The user interface of client-side code could be more 
interactive since it does not need to send the data via network. However, the application developers have 
less control on it, for instance, it cannot be used to save important data because the users may delete it.  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Appendix B 

Questionnaire 
This appendix is the content of the questionnaire. The questionnaire is presented and distributed online. 
Figure B.1 is a screenshot of the first group of questions. All other groups follow the same format. 
However, it is hard to read if we put the screenshot of the whole questionnaire here. Instead, we list the 
content of the questionnaire. 

!  

Figure B.1 Screenshot of First Group of Questions 

!48



========= Beginning of Questionnaire Content ========= 

Criteria 

We are writing our master thesis about technologies used in web development, in the context of Small and 
Medium size projects. 

The following question is to help us get an understanding of what is important when selecting 
technologies in web development and how the various companies rank against those criteria. 

We categorize the criteria into seven main sections: Functionality, Reliability, Operability, Performance, 
Security, Maintainability, and Scalability. If you have different opinions on the taxonomy or would like to 
suggest new criteria we missed, you are more than welcome to add it in the end of the form. 

For each criteria please rate, on a scale of 1 to 4, (4 being most important 1 being least important), how 
important each criteria is. 

Functionality 

Technology has lots of functions, good functions, right functions. 

Comments 

If you would like to suggest new criteria we missed, or elaborate why to give certain score to a certain 
criterion 

Reliability 

1 2 3 4

Sufficient set of functions for specified tasks and user 
objectives.

Provides right or specified results with the needed degree 
of precision. 

Continuously being updated, evolved, developing 
community is credible and active.
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Comments 

If you would like to suggest new criteria we missed, or elaborate why to give certain score to a certain 
criterion 

Operability 

Comments 

If you would like to suggest new criteria we missed, or elaborate why to give certain score to a certain 
criterion 

Performance 

1 2 3 4

Availability - always operational and available

Robustly built, high fault tolerance capacity, low impact by 
environment changes.

When problem occurs, it is easy to identify and solve.

1 2 3 4

Short learning curve.

Easy to use.

Developing efficiency

easy to access.
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Comments 

If you would like to suggest new criteria we missed, or elaborate why to give certain score to a certain 
criterion 

Security 

Comments 

If you would like to suggest new criteria we missed, or elaborate why to give certain score to a certain 
criterion 

Maintainability 

1 2 3 4

Running speed

Resource utilization - requires less resources to run 
appropriately

1 2 3 4

Encrypt ability

Comes with proper Authentication and Authorization, 
actions of an entity can be traced uniquely to the entity.

It comes with the ability to detect, monitor, prevent, control 
security intrusion.
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Comments 

If you would like to suggest new criteria we missed, or elaborate why to give certain score to a certain 
criterion 

Scalability 

Comments 

If you would like to suggest new criteria we missed, or elaborate why to give certain score to a certain 
criterion 

1 2 3 4

Code written with a technology is objectively easy to read.

Objectively lower level of dependency and nesting.

The knowledge about the technology is well documented.

It comes with the ability to enhance the system by adding 
new functionality at minimal effort.

1 2 3 4

It is easy to expand and contract its resource pool in order 
to accommodate higher loads or number of inputs, could 
be scaled vertically and horizontally.

The ability of a system to scale up by using new 
generations of technology, e.g., Rails 3 to Rails 4

It is easy to scale web application to other geographic 
locations.

Storage scalability and data relation (complexity) 
scalability.

The potential of combining with other technology when 
necessary.
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About 

Company Name 

What's the name of your company? 

Can we follow up with you for the result? 

Your email address 

Experience in web development 

How many years have your been in the industry of web development? 

Your current technology stack 

Your current technology stack
Programming language & Web framework 

What's your current programming language and web framework? Elaborate more if possible. E.g. 
frontend / backend architecture. 

Database 

Which databases are you using? Elaborate more if possible. 
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Web server 

Which web server are you using? Elaborate more if possible. 

Hosting platform 

Which platform are you hosting your web application on? Elaborate more if possible. E.g. Amazon + 
Ubuntu, Heroku, etc. 

========= End of Questionnaire Content ========= 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Appendix C  

Assess and Compare Technologies - Documentation 
This appendix describes the way we compare the documentation quality of technologies in detail. We first 
briefly present the overview of the assessment in Section C.1, then carry out the comparison in C.2. 
Finally, we concluded the comparison in Section C.3. 

C.1 Overview 

We compare the quality of documentation in the following perspective: 

• Total amount of the documentation / the coverage rate of the documentation 

• Easiness to understand the documentation 

• Easiness to access and navigate through the documentation 

• Update frequency 

We also mention some other aspects such as whether the documentation is maintained by the official 
developer or the user community. For these aspects, it is hard to say which is better. We explain the pros 
and cons for different approaches. 

Documentation evolves. Usually at the beginning of a project, the documentation would not be as good as 
it would become when the project is more mature. Since the goal of this thesis is to provide a guide to 
choose from technologies in the current industrial status, we focus in the current status and the future 
possibilities instead of the documentation status in the past. 

C.2 Comparison 

Documentation is important to all technologies. Whatever category it belongs to, it would be almost 
impossible to use without proper documentation. In that case, we compare technologies from the 
following categories: 

• Back-end language and framework 

• Front-end language and framework 

• Database 

• Web server 

• Hosting platform 
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C.2.1 Back-end Language and Framework 

The back-end framework is closely related to the back-end language. It is impossible to talk about the 
framework without talking about languages, vice versa. In that case, we combine back-end programming 
language and framework together. 

The Amount of Documentation 

Generally speaking, all main-stream languages and frameworks have a plenty amount of documentation. 
But still, we have a way to compare them. We take the documentation of different technologies and count 
the entries of them. As the result, we have table C.1. 

Table C.1 Number of Entries in Documentation of Back-end Languages and Frameworks 

Ruby 
2.1.2

Python 
3.4.1

PHP 5 .NET 
Framewo
rk 4.5.2

Java EE 7 Ruby on 
Rails 
4.1.4

Django 
1.6.5

Classes 2056 627 438 10923 609 373 382

Modules 525 316 405 113

Methods 14934 3690 4799 75527 9684 3587 612

Arributes 1170 764 301 540

Constants 2279 102 1027 297

Exceptions 240 214 29

Functions 2865 5222 210

Types 50 9

Variables 66 21 1

Macros 37

Interfaces 14 959 720

Properties 370 43190

Delegates 657

Namespaces 450

Constructors 18477 1588

Events 4540

Fields 5836 997 54

Enums 1892 105

Structs 338

Conversions 389
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We take the total number of entires for each technology, combine the language and framework . The result  
is presented in Figure C.1: 

Figure C.1 The Amount of Documentation for Back-end Languages and Frameworks 

This result represents the amount of documentation in a certain way. However, it does not represent the 
overall quality of documentation very well. First of all, the amount of documentation reflects the structure 
of the language or framework library itself. Some technologies have more documents, just because they 
have a bigger codebase. Second, some technologies such as Java EE and .NET Framework cover more 

Operators 935

Packages 133

Notations 361

Tags 45

Filters 68

Commands 37

Options 68

Settings 166

Total 20964 8757 11900 164113 14411 4963 2325

Ruby 
2.1.2

Python 
3.4.1

PHP 5 .NET 
Framewo
rk 4.5.2

Java EE 7 Ruby on 
Rails 
4.1.4

Django 
1.6.5
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area than simply web development. It is hard to separate the web part from others. In this case, the total 
amount of documentation is just here for a reference. 

Easiness to Understand the Documentation 

In order to compare the easiness to understand the documentation, the following criteria are observed: 

• Code samples - Having some code examples can help the reader to understand the documentation. 

• Beginner’s guide - The purpose of beginner’s guide is  that a document reader, who is new in this field 
and does not know where to start, can grab a general idea of the whole technological structure, such as 
what it does, how it works in general. 

Apart from these two criteria, a general qualitative analysis is provided. After examining the 
documentation, we have Table C.2: 

Table C.2 Easiness of Understanding for Back-end Documentation 

All of the products have good beginner’s guides, which means a person completely new to this area can 
start working with the product easily. Lacking of code examples makes Java EE documentation a bit 
harder to understand. 

All these technologies are not trivial to learn. But the good documentation makes learning them much 
easier. One can completely manage to learn these technologies by reading only the documents, although it 
is not enough to become an expert in that way. Overall, these technologies all have good, easy-to-
understand documentation. 

Easiness to Navigate through the Documentation 

In this section, we observe the easiness of navigation for each documentation by several criteria. Those 
criteria are: 

• Global search - Needless to say. With a global search, the reader can easily find the document related to 
the desired topic. 

Code examples Beginner’s guide

Ruby ✓ ✓

Python ✓ ✓

Ruby on Rails ✓ ✓

Django ✓ ✓

Java EE X ✓

PHP ✓ ✓

.NET Framework ✓ ✓
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• Navigation sidebar - Having a tree-view list of all the available methods in a class/module helps to find 
the methods which provide the desired function. 

• Versioning - Sometimes existing projects still use the older version of a certain programming language 
or framework. In this case, it is important to have the old version of documentation accessible. One can 
definitely find old documents somewhere on the Internet, so we consider official document site only. 

After that, we put the results into Table C.3. 

Table C.3 Readability of Documentation for Back-end Languages and Frameworks 

As we can see, all of the above technologies are good in terms of easy to access and navigate. Python and 
Django are slightly worse since they do not have tree views of methods in classes. For the versioning of 
Ruby on Rails documentation, the old version guides can be accessed from the official site but the API 
references cannot. That is why we say it supports versioning partially. 

Update Frequency 

We check the release date of the documentation, compare them with the release date of that version of the 
technology itself. 

• Python - Python documentation is written during the testing period. Once the new version of Python is 
released, the document is updated as well. By then the document is considered finished, but may 
contain bugs. In that case, anyone who finds a bug can submit a bug report. 

• Ruby - The documentation is maintained by the community. When the actual version of Ruby is release, 
the document is not necessary ready. The community continues to work on it, until it’s 100% covered.  

• Rails - The documentation is maintained by the community. By the time the new version is released, 
there is no guarantee that the document is updated properly. 

• Django - The documentation is released together with the code itself. The community works on the new 
version. If important change happens, it would be back ported to the latest released version. 

Global search Navigation sidebar Versioning

Ruby ✓ ✓ ✓

Python ✓ X ✓

Ruby on Rails ✓ ✓ partially

Django ✓ X ✓

Java EE ✓ ✓ ✓

PHP ✓ ✓ X

.NET Framework ✓ ✓ ✓
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• Java EE - The Java EE document is maintained by Oracle. If the reader finds any problems, he can 
report to Oracle. Oracle did not say anything about how they maintain the document, but in order to let 
developers to use the product, they have to get the documentation ready on the release. 

• PHP - The PHP documentation is maintained by the community. There is no guarantee that the 
document would be ready when a new version of PHP is released. 

• .NET Framework - The documentation is maintained by Microsoft. As a commercial company, they get 
the document ready before the release of the new version of the production. 

Summary 

The back-end languages and frameworks all have great documentation. Some of them might have some 
tiny problems on accessibility, but there are plenty of third-party sites that help users to find the right 
section that is needed. Java documentation does not come with code examples, that could be a problem if 
the reader does not use other tools to view the documentation. Overall, the documentation of the back-end 
languages and frameworks would not stop you from learning and utilizing the technologies. 

C.2.2 Front-end Language and Framework 

JavaScript is currently the only choice for front-end language. There is no official site of JavaScript, but 
Mozilla maintains a JavaScript reference. The quality of the Mozilla JavaScript document is good. There 
are navigation trees, global search function, beginner’s guide and code examples. In this section, we 
mainly talk about frameworks. For front-end framework, we compare jQuery, Spine, Backbone.JS, 
EmberJS and AngularJS. 

The Amount of Documentation 

Comparing the amount of the documentation for front-end frameworks is not fair, for some of them are 
lightweight and others are fully-fledged. However, we still list the amount of documentation in Table C.4 
for reference. 

Table C.4 Number of Entries in Documentation of Front-end Frameworks 

jQuery 1.11.1 Backbone.js 1.1.2 EmberJS 1.6.1 AngularJS 1.2.21

Functions 307 95 29

Classes 8 113

Modules 13 10

Namespaces 11

Methods 2360 177

Events 68 10

Properties 583

Guides 473 25
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Table C.3 does not contain SpineJS, for SpineJS is lightweight and does not organize the documentation 
in categories. The length of SpineJS documentation is short compared to other frameworks in Table 6.3. 

Easiness to Understand the Documentation 

It is always good that documentation is easy to understand. For front-end frameworks, we also compare 
them in terms of code examples and beginner’s guide. The result is shown in Table C.5. 

Table C.5 Easiness of Understanding for Front-end Documentation 

As we can see, all of the above technologies have code examples and beginner’s guides. Actually, as 
widely-used front-end frameworks, all of them have easy-to-understand documentation. 

Easiness to navigate through the documentation 

In this section, we use the same criteria as in Section C.1.2. As a result, we have Table C.6. 

Table C.6 Readability of Documentation for Front-end Frameworks 

Directives 61

Filters 10

Services 55

Properties 29

Types 7

Total 307 103 3621 413

jQuery 1.11.1 Backbone.js 1.1.2 EmberJS 1.6.1 AngularJS 1.2.21

Code examples Beginner’s guide

Backbone.js ✓ ✓

jQuery ✓ ✓

SpineJS ✓ ✓

AngularJS ✓ ✓

EmberJS ✓ ✓
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As we can see, some of the technologies do not have the best versioning for their documentation. The 
main reason is that their documentation is usually managed in a git repository, in which you can find the 
older versions. However, it requires some extra work, and is not efficient. Although it is well-structured, 
lacking a global search bar is still a pain when the reader wants to find a specific entry. 

Update Frequency 

• Backbone.js - According to the change log of the documentation, Backbone documentation is updated 
when the actual version of Backbone is released. 

• jQuery - The jQuery document is maintained by the community. Since the documentation and product 
are in different repositories, it is hard to find the relationship between the version number of the product 
and the documentation. But generally, the documentation is updated and maintained frequently. 

• SpineJS - The documentation is in a separate repository. The version of the documentation does not 
match the product. These days, the documentation is not updated frequently. The last update was 5 
months ago on Aug 6th, 2014. 

• AngularJS - The versions of documentation matches the production version. The documentation is  
maintained by the community and updated frequently. 

• EmberJS - The document of EmberJS is maintained by the community. On their contribution page, it is 
required that the author of the new features maintain the documentation, together with the code. In that 
case, the documentation is updated together with the product. 

Summary 

Most front-end frameworks have great documentation. Spine.js and EmberJS do not have documentation 
histories, that makes them a little worse than others. 

C.2.3 Database 

Database systems should also be well-documented in order to be used by web application developers. 
Some web back-end frameworks provide adapters between object models in the language and database 
records. In that case, basic operations through databases can probably be done without reading the 
documentation of the databases. However, to obtain a deep understanding and to be able to do complex 
operations, the documentation of databases are still important. 

Global search Navigation sidebar Versioning

Backbone.js X ✓ ✓

jQuery ✓ ✓ ✓

SpineJS ✓ ✓ X

AngularJS ✓ ✓ ✓

EmberJS ✓ ✓ X
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The target of our comparison is MySQL, PostgreSQL, Microsoft SQL Server, Redis and MongoDB. For 
comparison, we have the following criteria: 

• Easy to understand 

• Easy to navigate 

• Maintenance 

We do not compare the amount of the documentation for databases, because for database documentation, 
the definition of “length” is ambiguous. We cannot count the number of entries in the same way as we did 
in languages and frameworks. Besides, the length is not a key criteria for judging the quality of the 
documentation. 

Easiness to Understand 

It is hard to find a set of general criteria that fits all database products. So we inspect each of them, and 
give a qualitative description in this section. 

• MySQL - The documentation of MySQL is absolutely complete and detailed. On the main page, you 
can find basically everything, covering topics from the basic SQL syntax to API code examples to 
mainstream programming languages. There are step-to-step guides for almost everything, ranged from 
setting up the database server to advanced performance/sharding configuration. 

• PostgreSQL - The PostgreSQL documentation is just as good as that of MySQL. The documentation is 
detailed and complete. The concept explanations and the examples are easy to understand. The highlight 
is the user comment part. A user can leave comments and see comments from other users. That would 
help much even if the original documentation is ambiguous. 

• Microsoft SQL Server - Microsoft SQL Server has a detailed documentation on MSDN. But the product 
itself is too large, so that even though the detailed documentation is great for digging into the details, it 
does not say much if the reader is a beginner. There is an online book for SQL Server, but we fount it 
still hard to get started. Besides the documentation, Microsoft offers human support for SQL Server. 

• Redis - Redis comes with great documentation as well. Tutorials, administration guide, programming 
examples, and so on. All of them are written in an easy to understand way. The documentation is 
categorized into tutorials, programming guides and administration guides, each covers a specific set of 
topics. Within each topic, there are good code examples to help the reader to understand the technology. 

• MongoDB - The MongoDB documentation is also great. On the homepage, you can see the 
documentation is categorized into different topics, and one of them is “Getting Started”. In the 
beginner’s guide, they explained the concept of MongoDB very well. In the advanced topics, they made 
every problems clear. Overall, the MongoDB documentation is easy to understand. 

Easiness to Navigate through the Documentation 

Database documentation is different from language and framework documentation. The criteria as a bit 
different form that of the last two sections. In this section, we are going to observer four criteria: 

• Global search 
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• Topic list 

• Navigation bar or sidebar 

• Versioning 

The result come in as Table C.7: 

Table C.7 Easiness of Navigation of Database Documentation 

As we can see from Table 6.7, the Redis documentation is the hardest to navigate. There is only one front 
page, no search function or navigation bar. But the fact that Redis is fairly smaller and simpler compared 
to the other databases. 

* For Microsoft SQL Server, everything is there, but they are hard to find. The titles are named after 
technical terms, which are hard to understand. The navigation bar exists, but the hierarchy is not well 
presented. These problems gives SQL Server documentation some negative points. 

Maintenance 

• MySQL - Since now MySQL is owned by Oracle, the documentation is maintained by a full-time 
technical writers of Oracle. Since they are full-time writers, we have enough reason to believe the 
documentation is well-maintained. 

• PostgreSQL - The documentation’s copyright belongs to The PostgreSQL Global Development Group. 
There is also a wiki, which is contributed by the PostgreSQL users.  

• SQL Server - The SQL Server documentation is maintained by Microsoft. As a commercial production, 
we can expect it to be up-to-date. 

• Redis - The Redis documentation is also open-source. Anyone can contribute to the Redis 
documentation.  

• MongoDB - The copyright of MongoDB documentation belongs to MongoDB.Inc. We can expect it to 
be up-to-date. 

Summary 

Global search Topic list Navigation bar / 
sidebar

Versioning

MySQL ✓ ✓ ✓ ✓

PostgreSQL ✓ ✓ X ✓

SQL Server ✓ ✓* ✓* ✓

Redis X ✓ X X

MongoDB ✓ ✓ ✓ ✓
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The accessibility of Redis documentation is not as good as others. And the structure of Microsoft SQL 
Server documentation is a bit confusing. In the case of Microsoft SQL Server, since Microsoft provides 
human technical consulting service, the severity of the problem can be reduced by a bit. 

The documentation for other databases are great. 

C.2.4 Web Server 

Usually, web developers do not have to much to do with the web server. They just set it up, and do some 
necessary configuration. Therefore, it is important that a user can easily find the way how he could 
configure the web server. We still value the documentation in three aspects: 

• Easiness to understand 

• Easiness to navigate 

• Maintenance 

We take Apache and Nginx into consideration. 

Easiness to Understand 

Both of the documentation are easy to understand. As we have discussed, the scenario is usually doing 
configurations. That does not require much deep understanding to the production. In that case, 
configuration examples are usually useful, which are provided by both of the web servers. 

Easiness to navigate 

We use the same criteria as in Section 6.1.2.3.2. The result is  presented in Table C.8: 

Table C.8 Easiness to Navigate for Web Server Documentation 

The global search function of Apache is simple a Google custom search. Actually, one can use Google 
custom search on any website, if he composes the query correctly. But it is still handy on Apache 
documentation site. Nginx does not come with a good online documentation navigation system, since it is 
missing some useful functions that help navigation. 

Maintenance 

The Apache documentation is maintained by Apache Software Foundation. And there is a user-
contributed wiki. On Nginx documentation page, nothing about the maintenance information is 
mentioned. 

Global search Topic list Navigation bar / 
sidebar

Versioning

Apache ✓* ✓ ✓ ✓

Nginx X ✓ X X
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Summary 

The documentation of Apache is great. However, Nginx documentation is not so good. It’s a bit surprising 
because Nginx is a wide-used web server. 

Luckily, configuring a web server is not so hard and you can find many examples on the Internet about 
configuring Nginx. 

C.2.5 Hosting Platform 

It is hard to compare the amount of documentation of hosting platforms, for the fact that hosting platform 
documentation cannot be organized in the same style as API references. There are a large number of cloud 
server providers and PaaS providers. We could not enumerate all of them in this thesis. Instead, we take 
the most widely used ones are examples for documentation. The candidates in this section are Amazon 
EC2 and Heroku. The former one is a cloud server and the latter one is a PaaS platform. 

Documentation Coverage 

Heroku comes with a great amount of documentation, covering a large variety of topics, including the 
architecture of Heroku, the use of Heroku command line tool belt, how to deploy on Heroku and so on. 
Amazon EC2 also comes with a great amount of documentation. Everything is covered in the 
documentation, including the usage and architecture explanation. In the aspect of documentation 
coverage, there is no big difference between these two providers. 

Easiness to Understand 

Both Amazon EC2 and Heroku have easy-to-understand documentations. They both have beginners’s 
guides, which enable the ones who haven’t worked on the platforms before to launch their first 
applications. The language used in the documentations are clear and unambiguous. The formatting of both 
documentations are good, the commands to execute are highlighted so the reader could not miss them. In 
the aspect of easiness to understand, still we cannot say one is better than the other. 

Easiness to Navigate 

Both Amazon EC2 and Heroku have a good navigation mechanism in their documentations. In the 
Amazon documentation webpage, there is a sidebar organizing all of the topics in an expandable tree 
structure. In Heroku documentation, there is a navigation page, listing all topics in a table. It is hard to 
decide which way of presenting is better, but surely they both work in helping the reader to find what they 
want. 

Summary 

We thought the documentation of both Amazon EC2 and Heroku are great. Therefore we give 5 scores to 
both of them. The scores are presented in Table C.9. 

Table C.9 Score of Documentation for Hosting Platforms 
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C.3 Conclusion 

Documentation is an important part of the technologies. Fortunately, amount all of the technologies we  
inspected, most of them have great documentation. Redis and Nginx are two exceptions. But since there is 
much information on the Internet about them, that can be worked around. We assigned scores from 1 to 5 
to all technologies on documentation, the result is in Table C.10. 

Table C.10 Scores of Documentation 

Hosting platform provider Score for documentation

Amazon EC2 5

Heroku 5

Technology Score

Back-end languages and 
frameworks

Ruby 5

 Ruby on Rails 4

Python 3

Django 3

PHP 3

Java EE 3

.NET Framework 3

Front-end frameworks

jQuery 5

Backbone.js 3

Spine.js 3

AngularJS 5

Ember.js 3

Databases

MySQL 5

PostgreSQL 3

SQL Server 3

Redis 2

MongoDB 5

HTTP Servers
Apache 4

Nginx 2
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The maintenance is an interesting topic. Generally, a documentation is either maintained by a professional 
team or the user community. A documentation maintained by a professional team is usually more up-to-
date. It is usually ready when the actual product is updated. On the other hand, the user community have 
better understanding of what problems would usually occur when using the technology. We think the best 
solution is to have an official documentation while have a user contributed wiki.  

Hosting Platform
Amazon EC2 5

Heroku 5

Technology Score
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Appendix D 

Assess and Compare Technologies - Development Efficiency 
In this appendix, we describe our assessment details for development efficiency. Section D.1 is an 
overview for the assessment, Section D.2 is the assessment itself. Section D.3 is the conclusion of the 
assessment. 

D.1 Overview 

The categories we chose to evaluate was Back-end-languages and frameworks, Front-end frameworks, 
Databases. 

Back-end languages and frameworks are an important part in web development, since the main 
application logic is handled by the back-end system. This part could be very complex, so this is a critical 
part that influences the develop efficiency. 

Front-end framework is also important. It determines how the web site interacts with the user. Nowadays 
the interaction is getting more and more attention. The front-end framework influences the overall 
develop efficiency much. 

The choice of database determines how the data structure is designed and how the develop process would 
go. The databases also differs at how many libraries could be reused for the web application developer. 
Some libraries could make the development much faster. 

We found it hard to select common evaluation criteria for all technology categories. Instead, we used 
different assessment criteria for different category. The criteria for each category are presented 
respectively in their own sections. 

Subsection D.2.1 studies the develop efficiency of back-end languages and frameworks. Subsection D.2.2 
studies the develop efficiency of front-end frameworks. Subsection D.2.3 studies the develop efficiency 
of databases. Subsection D.2.4 studies the develop efficiency of hosting platforms. 

D.2 Assessment 

D.2.1 Back-end Languages and Frameworks 

In this section we study the develop efficiency with back-end languages and frameworks. We cannot talk 
about languages without considering the web framework in a web development scenario. So we combine 
the language and framework together. Since the features mainly depends on the framework instead of 
language, we will name the combination under the name of the web framework. The candidates are Ruby 
with Ruby on Rails, Python with Django, PHP, Java EE and .NET framework. 

D.2.1.1 Assessment Criteria 
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Develop efficiency is hard to compare. There are no quantitative measurements for develop efficiency. We 
decided to compare the develop efficiency of back-end languages and frameworks in 3 methods: static 
analysis, task compare and literature study. They are described as the following: 

Static Analysis 

We took several important features that is important to develop efficiency for each group of 
technologies. Then we made a table, indicating the support level of those features. 

Task Compare 

We chose several typical scenarios that are common in real-life web development process and 
inspected the ways of implementing theses scenarios in different technologies. Then we compare 
d the effort we put when doing that. 

Literature Study 

We searched on the Internet and journals. Everything written by experienced web developers 
could be our potential study material. 

D.2.2.2 Assessment Result 

Static Analysis 

In the web development process, some tasks are time-consuming to developers. Some of them can be 
automated. We found some tasks that can be automated or partially automated, which leads to a great 
enhancement on develop efficiency. In this section, we go through those time-consuming tasks and 
inspect whether the back-end frameworks have support to automate these tasks. 

The time-consuming tasks are as follows: 

• Database relation management - The relations of database tables are always big problems. Manually 
managing them takes much time and effort. To make this process easier to the web developer, object-
relation mapping (ORM) is introduced. ORM sets up a mapping between database and object-oriented 
programming language, allows the developer to manage the relations without operating the database 
tables manually. 

• Database consistency management - Making the database consist between production and develop 
environment and among several developer’s machines is tedious. However, if any thing should go 
wrong,the whole product would behave in a strange way. Database migration is designed to make this 
task much easier by providing a mechanism to present the database states in the codebase, and further 
tracks the change of the database status. 

• Debugging - Debugging without assistance is hard. The developer has to guess where the problem 
could be. A good back-end framework provides the necessary tools to help debugging. 

• Testing - Once a new feature is developed, it is important to make sure that the new feature works 
properly as well as the previous existing features. To ensure that, a comprehensive acceptance test 
should be performed. A good back-end framework provides automated unit test and acceptance test 
frameworks, which enables the developer to write automated test easily. 
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• Deployment - Deploy the code to the server machine could also be time consuming as well as faulty. 
The process is the same for every deployment, but the developer should make sure that everything 
works as expected. An automated deploying system could help much in this case. 

• Managing third party libraries - In web development, some features are standard procedures, such as 
user management. The developer does not have to implement all these features by his own. Instead, he 
can use third-party libraries. Managing third-party libraries could be tedious. A plugin management 
system is useful in this case. 

We inspected the support level of those features mentioned above. The result is shown in Table D.1. 

Table D.1 Static Analysis Results of Back-end Languages and Frameworks 

Some of the features are provided by third-party libraries. With a plugin management system, this could 
be a good solution. Even if the plugin management system is also provided by a third party, the developer 
has to install one plugin manually, and then everything is automated. 

Task Compare 

In this section, we pick some common tasks in web development. We inspect the minimum amount of 
work to be done to implement these tasks in different technologies. Through these comparison, we can 
have a general idea of how efficient the develop process is in various back-end frameworks. 

User Management 

User management is a common feature in web applications. As long as the developer wants to identify 
individual users, a user management system is necessary. A typical user management system involves user 
authentication by username and password, email confirmation and “forgot password” recovery. We now 
discuss the minimum implementation in those back-end frameworks one respectively. 

Implement the user management in Ruby on Rails in comparatively a trivial task. Through the plugin 
management system - Rubygems, one can easily install a gem called “Devise”, which is the standard 
solution in Ruby on Rails community. Devise covers common features such as user authentication, email 

Ruby + Ruby 
on Rails

Python + 
Django

PHP Java EE .NET 
Framework

ORM ✓ ✓ third party ✓ ✓

Database 
Migration

✓ ✓ third party third party third party

Automated 
testing 
framework

✓ ✓ third party ✓ ✓

Automated 
deployment

third party third party third party X X

Plugin 
management 
system

✓ ✓ third party third party third party
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confirmation and password resetting. With a few lines of configuration, everything is done. Devise has 
11201 stars on GitHub (a on-line code management website), which means the quality of the gem is 
widely-accepted. 

We performed a search on the Internet for a comprehensive user management framework for Django. We 
couldn’t find a plugin or library that provides the full functionality of user authentication, email 
confirmation and password resetting. Django comes with a built-in user authentication framework, but is 
does not support more advanced features such as email confirmation and password resetting. In order to 
implement that, the developer has to write his own code. with the help of the built-in authentication 
framework, it is not very hard. 

For PHP, we found a user management library, UserCake. It provides the functions that we want, 
including user authentication, email confirmation and password resetting. Without a standard plugin 
management system in PHP, installing this library takes some effort, but still straightforward. Until Aug 
24 2014, UserCake has only 7 stars on GitHub, which worries us about the popularity of this project. 
Besides using UserCake, one can also implement the whole user management feature by himself, which is  
challenging. 

Apache Shiro is a user management system for Java. It handle only user authentication, but not email 
confirmation and password resetting. The official tutorial gave an example about how to set Shiro up. The 
configuration is straightforward, but in order to provide the functions we wanted, additional development 
is needed. That makes user management in Java a bit harder. 

There is an authentication component in .NET Framework. It handles user authentication part only. The 
web application developer has to implement other features such as email confirmation and password 
resetting in his own way. 

Overall, Ruby on Rails provides the most comprehensive out-of-box solution for user management. In 
other back-end frameworks, basic user authentication frameworks are provided. The developer has to deal 
with more advanced functions by himself, which is both less efficient and less secure. 

File Uploading 

File uploading, including image uploading, is widely used among web applications. A user often needs to 
submit an avatar or share his moments. Writing the entire function of upload file handling and simple 
image processing is a complex task. A good web framework should provide the function of receiving an 
uploaded file, storing it in a persistent storage and being able to serve it later. Being able to do simple 
image processing such as resizing is also useful. 

In Ruby on Rails, There are several third-party libraries that can do this. Paperclip and CarrierWave are 
two popular ones. They both handles file uploading, persistent storage and image processing. Both of 
them have more than 5000 stars on GitHub on Aug 24 2014. With a few lines of configuration, the 
developer can set up the image/file uploading. 

Django comes with a built-in file upload unit. It deals with receiving and temporary storing the file 
attachments. In order to store the file permanently, the developer needs to save it by himself. There are 
image-processing libraries that the developer can use to process images. The most time-consuming part is 
done in Django, but the application developer still has to write some code. 
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PHP provides default file upload handler, which receives the uploaded file. But it only stores the uploaded 
file in a temporary directory. In order to persist it, the application developer needs to move the file to the 
desired storage. The default file upload does not perform any operations either. There are libraries for 
PHP to process images. 

Java EE provides the library to receive the uploaded file content, but would not store it. The application 
developer has to write code to read the file content and save it into a file storage. The application 
developer also needs to perform the necessary validations and processing by himself. The developer can 
call other command-line tools to process images. 

In .NET, the developer has to handle the processing and storage of the uploaded file. The provided file 
uploading framework handles the receiving part only. There are third-party image processing libraries. 

Overall, Ruby on Rails shows great advantage in the solution of image/file uploading and processing. In 
other frameworks, the developer has to compose his own code to do the necessary job, but there are 
plenty of libraries to ease the process. 

Internationalization 

It is common for a web application to support multiple languages. A good internationalization framework 
is important for the back-end frameworks. In this section, we inspect the support level of 
internationalization for various back-end technologies. 

Ruby on Rails comes with built-in internationalization support. One can define corresponding translated 
text in configuration files, and refer to them by their keys. The system automatically selects the text in the 
correct language when presenting the data. 

Django supports internationalization out of the box. The internationalization is based on a UNIX 
command line tool, gettext. The developer just has to run a command to generate a translation mapping 
file for a language. Then he can write the predefined translated text in the file. The process is 
straightforward. 

In PHP, one can easily use gettext as the internationalization engine. The application develop just creates 
a gettext translation mapping file, and call it from the PHP code. This is a fairly easy task. 

In Java EE, one can either use gettext, or a dedicated library such as C10N. Both of them provides an easy 
way of translating the text into various languages. 

.NET Framework provides a built-in internationalization engine, with a GUI editor. One can easily add 
translation mappings. It does not take long to do the internationalization in .NET Framework. 

Overall, all of the back-end frameworks above provides good support internationalization. The developer 
would not meet big challenges when making the web application available in multiple languages. 

Summary 

All five back-end frameworks provide essential support for the tasks we selected. We present the results 
in Table D.2. In Table D.2, “Excellent” means almost no coding is needed, “Good” means the developer 
has to write a few lines of code to make several libraries work together. “Poor” means one has to write 
everything by himself. 
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Table D.2 The support level of common tasks 

Literature Study 

Bernardo Pires wrote a technical comparison between Ruby on Rails and Django, in his blog post [27]. 
This post received many complements and is well-structure. The author made his point clear: Ruby on 
Rails excels in many aspects such as migrations, asset pipeline and testing support, which all increase the 
develop efficiency dramatically. In the other hand, Django is more explicit and easier to learn. In his 
article, the author prefers Django more. However, his made it clear that it is because the short learning 
curve of Django. As of develop efficiency, developing in Ruby on Rails is much more efficient. 

As the comparison between Ruby on Rails and PHP, there is also a great post. [28] by Leo thinks Ruby on 
Rails is much faster in terms of developing process. The post also received many complements, which 
ensures its own credibility. 

We have not found much credible material discussing other back-end frameworks for web development. 

D.2.3 Summary of Back-end Framework 

According to our study, Ruby on Rails excels on develop efficiency. It supports everything we can think 
of, and it is excellent on the common tasks we found. Django is also very good at develop efficiency, but 
according to the articles we found, it is less efficient on development than Ruby on Rails due to the 
design.  

It is hard to compare the develop efficiency of PHP, Java EE and .NET Framework. On one hand, in PHP, 
one can find a third-party library for almost everything while in Java EE and .NET automatic deployment 
are missing. However, PHP is bad at user management, where Java EE and .NET Framework is quite 
good. We consider the three frameworks are at about the same level on develop efficiency. 

D.3 Front-end Framework 

The state of art front-end language of web development is JavaScript. There is no need to discuss the 
choice of front-end language if there is no choice at all. Therefore, this section focuses on front-end 
frameworks. There are several front-end frameworks, but they don’t do the same things.  

Though they all call themselves front-end frameworks, some of them only deals with transitions and 
animations on web pages, such as jQuery. And they can be used together with a frameworks that handles 

User management File uploading Internationalization

Ruby on Rails Excellent Excellent Excellent

Django Good Good Excellent

PHP Poor Good Excellent

Java EE Good Good Excellent

.NET Framework Good Good Excellent
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part of the application logic. We do not consider these frameworks who do only transitions and 
animations. 

The candidates of front-end frameworks are Backbone.js, Spine.js, EmberJS and AngularJS. These four 
front-end frameworks are fully-fledged, deal with the obtaining, processing and presentation of 
application data. 

Subsection D.3.1 introduces the research methodology. Subsection D.3.2 performs the study and presents 
the results. Subsection D.3.3 is a summary of develop efficiency of front-end frameworks. 

D.3.1 Assessment Criteria 

Front-end frameworks are different from back-end frameworks in many ways. Generally, front-end 
frameworks do less complex tasks than back-end frameworks do. Since the main task is presenting the 
data gathered from the back-end system, front-end frameworks do not interact with various other systems 
much. we perform qualitative studies on all of the candidate front-end frameworks, learn how they work, 
and compare the difference on the design, which in turn affects the develop efficiency. 

D.3.2 Study Results 

Backbone.js 

Backbone.js utilizes the MVC architecture to the front-end code. It provides a good separation between 
the application logic and view transition. The javascript code and the HTML markup are comparatively 
separate. One can assign view objects to a specific HTML element by a CSS selector. 

Backbone.js comes with a good routing system, in which one can easily match controllers to the path. The 
routing system also deals with parameters in the URL.  

The model layer of Backbone.js is comprehensive. It handles conversions, validations, computed 
properties, and access control. Backbone.js also provides a default way to synchronize data with a 
RESTful back-end interface, called sync. In the model, one can save the changed data directly into the 
back-end database by delegating the action to the sync process. 

In Backbone.js, the developer can bind HTML elements to model. In this case, whenever the attribute of 
model changes, the HTML changes accordingly. This could be very convenient during the developing 
process. 

Overall, Backbone.js is a nice framework to use. It solves a lot of common problems in front-end 
development. It surely increases the develop efficiency. 

Spine.js 

Spine.js is a MVC front-end framework. Similar to other MVC frameworks, one can divide the 
application logic into models, views and controllers. The model layer of Spine.js supports validations, 
conversions, and so on. The controllers keep the view and model synchronized. 
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Spine.js is written in CoffeeScript, which is a mini language that compiles into JavaScript. To the 
browser, it has no difference between JavaScript and CoffeeScript. To the developer, CoffeeScript is 
simpler in syntax and provides more features. One can use either CoffeeScript or plain JavaScript on any 
front-end framework, but designed for CoffeeScript surely makes it easier to code in CoffeeScript. In fact, 
one has to write some additional code if he chose to use plain JavaScript with Spine.js, which is not 
necessary in other frameworks. 

Spine.js provides asynchronous interaction with the back-end. It comes with a default convention to 
interact with a RESTful back-end data server, as well as being customizable.  

Spine.js solves the common problems in front-end development. It has everything we expect from a MVC 
Front-end framework. 

AngularJS 

AngularJS is also an MVC JavaScript framework. The creative part of AngularJS is that it utilizes two-
way binding. If one bind an input and a label with the same model attribute, whenever the input content 
changes, the label changes accordingly. This saves the effort of updating or re-rendering the view. With 
the help of filters, one can establish a filter from model attributes to HTML contents, which makes more 
complex view logic easy to implement. 

Instead of giving classes or IDs to HTML elements and bind them to view objects, AngularJS introduces 
directives. One can simple apply Angular-specific tags into view templates, which directly connects to 
Angular components. 

With Angular's dependency injection, one has to simply give the name of the dependencies when creating 
the function, and AngularJS would automatically get the dependencies prepared before entering the 
function body. In such a way, the whole application can be organized and structured gracefully. 

AngularJS also supports such functions as Asynchronous data sending/fetching, default RESTful API data 
retrieving, promises, event handlers, and so on. It is a very creative and effective front-end framework to 
develop with. 

Ember.js 

Ember.js uses conventions to connect models, views and controllers together. Instead of configuring, the 
developer has to only follow the naming conventions, then Ember.js would check code snippets with 
various eligible names, and inject them into the main application. The developer does not have to 
manually match route and controllers. 

With view components, one can structure the views in an elegant way. A view component is a reusable 
part of the view. A view component can also hander user interaction, interact with the application, and so 
on. Wrapping common content into a component is a good way of keeping the codebase simple. 

jQuery 
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jQuery is different from all other front-end frameworks. It is a collection of helper functions rather than a 
fully-fledged MVC framework. It makes front-end development easier by providing useful methods. 
However, it does not help as much as MVC frameworks. 

D.3.3 Summary 

Backbone.js and SpineJS are light-weight frameworks. They simply provide a base of an MVC 
framework, and the developer can do his job. In the other hand, AngularJS and Ember.js are more heavy, 
they handle more things. Both AngularJS and Ember.js support two-way binding, which could be a great 
advantage. 

The difference between Backbone.js and SpineJs is that Spine utilizes more CoffeeScript features. In that 
case, coding in CoffeeScript with Spine is better than in plain JavaScript. If you choose to use Plain 
JavaScript, the syntax of Backbone.js is better. 

The difference between AngularJS and Ember.js is mainly their ways of connecting layers. AngularJS is 
more into putting customized directives and filters into the HTML template, while Ember.js is more into 
putting the logic in JavaScript code, and using a naming convention to bind them together. There are no 
major differences between these two approaches besides personal preference. 

Overall, we AngularJS and Ember.js have a little bit higher develop efficiency than BackboneJS and 
Spine.js. But the difference is not significant. jQuery has the lowest develop efficiency. 

D.4 Database 

Database is a critical part of web development. But the difference of develop efficiency made by database 
is insignificant to the overall develop efficiency. All RDBMSes respond to the same interface language, 
SQL, thus they are similar to each other. The difference is mainly between Non-RDBMS and RDBMS. 
According to our questionnaire in Chapter 5, the only non-RDBMS that is widely used is MongoDB. 
Therefore, our comparison focuses on the difference between RDBMS and MongoDB in terms of develop 
efficiency. Subsection D.4.1 introduces the assessment criteria of our study of the develop efficiency of 
databases. Subsection D.4.2 introduces the study results. 

D.4.1 Assessment Criteria 

The study of the develop efficiency of database systems is a qualitative study. We researched and 
understood the ways of working for both RDBMS and MongoDB, and then we concluded the difference 
between these two type of systems. 

D.4.2 Study Results 

The main difference between RDBMS and MongoDB is the way to organize relations. In an RDBMS 
such as MySQL, the developer has to plan and establish the database schema before starting to fill data 
into the database. Whenever the developer wants to change the structure of the data, the database schema 
has to be changed. In one way, this mechanism ensures the integrity of the data; but in the other hand, this 
could slow down the develop process. In the case of non-RDBMS, this is no need to set up the schema. 
The data can be store without being fit into a pre-defined structure. In the rapid development stage when 
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doing the prototype of the web application, this saves much time. However, If the develop does not plan 
the data structure, the maintenance of the data could be harder. 

D.5 Hosting Platform 

Hosting platform also affects the develop efficiency. Choosing a wrong platform to use may make it hard 
to test and deploy the application. We take two examples, Amazon EC2 and Heroku as the examples of 
cloud servers and PaaS platforms. Both of them represent their kinds of platform very well. 

D.5.1 Assessment Criteria 

We compare the amount of work when doing the same task in different hosting platforms. The scenarios 
we chose are: 

• Setting up the environment and deploy the application for the first time 

• Redeploying after the code has changed 

We think the above two scenarios are common tasks when doing web development in practice, and the 
efficiency of doing these tasks do affect he overall develop efficiency of developing web applications. 
When comparing, qualitative method are used, because it is hard to measure the amount of work in a 
quantitative way. 

D.5.2 Assessment Results 

Amazon EC2 

On Amazon EC2, setting up an application requires several steps. First, the developer has to start the 
instance. Serval operating systems are available for choice. Second, the user logs in into the server via 
remote accessing protocols such as SSH, do the necessary configuration, as if the server is a physical 
server. The configuration includes installing the necessary software to support the application, deciding 
and establishing the directory structure and so on. Depending on whether using automated deploy tools or 
not, this process can take 30 minutes to several hours. 

The time consumption of deploying new versions of applications to Amazon EC2 also depends on 
whether to use automated deploy tools or not. If deploy tools are used, this process is smooth and fast. 
Otherwise, it could be quite tedious. 

Heroku 

Deploying to Heroku for the first time is very easy. The developer just has to set up some environment 
variables and push the code to the server via git. This process usually takes up to 30 minutes. Deploying 
new versions of application is also easy. The developer just has to push the new code to the server, and 
Heroku will manage the upgrading. 

D.5.3 Summary 
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In comparison, although utilizing an automated deployment tool can ease the initial configuration and 
deployment process, Heroku still surpasses Amazon EC2 in develop efficiency in general. Considering 
this, we gave the scores to both of them as presented in Table D.3. 

Table D.3 Scores for Develop Efficiency of Hosting Platforms 

D.6 Conclusion 

We score the develop efficiency of back-end languages and frameworks, front-end frameworks and 
databases from 1 to 5. 1 means the lowest develop efficiency and 5 means the highest develop efficiency. 
We give 5 points to the best technologies in the category. Then we give score to other technologies 
according to how significantly they are less good than the first one. The result is presented in Table D.4.  

Table D.4 Score of Develop Efficiency 

Hosting platform Score

Amazon EC2 3

Heroku 5

Technology Score

Back-end languages and 
frameworks

Ruby + Ruby on Rails 5

Python + Django 3

PHP 3

Java EE 3

.NET Framework 3

Front-end frameworks

Backbone.js 3

Spine.js 3

AngularJS 5

Ember.js 5

jQuery 1

Databases
RDBMS 4

MongoDB 5

Develop Efficiency
Amazon EC2 3

Heroku 5
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Appendix E 

Assess and Compare Technologies - Comprehensiveness 
This appendix presents our assessment and comparison to the technology category comprehensiveness. 
Section E.1 presents the assessment criteria and Section E.2 performs the assessment. Section E.3 is the 
conclusion of the assessment for comprehensiveness. 

E.1 Assessment Criteria 

Comprehensiveness stands for the ability of technologies to provide sufficient set of functions for 
specified tasks and user objectives. As we all know, all of the widely-used programming languages are 
Turing complete. Thus there is no need to discuss the comprehensiveness of programming languages. 
Since back-end and front-end frameworks are programmed by programming languages, their 
functionalities are only restricted by the ability of the programming languages in which they are written. 
The application developer can always extend those frameworks to achieve the functionalities they want. 
This is a matter of develop efficiency, which should not be discussed in this section. However, case is 
different for web servers, hosting platforms and databases. It is almost impossible for application 
programmers to extend or modify the functionalities of these products. Therefore, in this section, we only 
discuss the comprehensiveness of web servers, hosting platforms and databases. 

E.2 Assessment and Results 

E.2.1 Web Server 

Web server (or HTTP server) is used to handle the raw HTTP/HTTPS request and pass it to the 
application. Among countless features provided by mainstream web servers, usually web developers use a 
few of them in web applications. According to our opinion and experience, they are listed in Table E.1. 

Table E.1 The Features Frequently Used in Web Applications 

Feature Description

Handle requests It listens to a port and handles requests.

Reverse proxy It works as a reverse proxy, delegating the requests to the web application.

Serve static files It serves static files without laying the burden to the web application.

Compressing It could compress the content it served to reduce transfer time.

Host name 
identifying

It identifies the host name of the request, and being able to serve different 
content according to the requested host name.

Custom headers It could be configured to add custom headers in the response.

HTTPS It provides secure link by utilizing HTTPS protocol.

Feature
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The result of the study is presented in Table E.2. 

Table E.2 The Comprehensiveness for Web Servers 

As we can see from Table E.2, in terms of working with typical web applications, all of the three 
candidates support most of the features. The only noticeable problem is that Microsoft IIS does not 
support SPDY for now. 

E.2.2 Hosting Platform 

According to the questionnaire in Chapter 5, the most used hosting platforms are Linux running on a 
cloud server or PaaS. We perform case studies on both of them and conclude the comprehensiveness. 
During the study, we take Amazon AWS as the representative of cloud server and Heroku as the 
representative of PaaS, for they are the most widely used platforms according to our questionnaire. 

Amazon AWS is a full-fledged virtualization platform. With an Amazon account, the developer can create 
virtual machines with configurable CPU resources, memory sizes and disk storage size. The developer 
can even choose from traditional magnetic storage or solid state storage. The developer can also choose 
the OS he wants, ranged from various distributions of Linux or Microsoft Windows. When the OS is 

SPDY It supports SPDY protocol to increase the speed of loading contents.

Ban IPs It comes with a way to ban unwanted visitors by IP addresses.

Password protection It denies unwanted users by asking them to provide the correct password.

DescriptionFeature

Feature Apache Nginx Microsoft IIS

Handle requests ✓ ✓ ✓

Reverse proxy ✓ ✓ ✓

Serve static files ✓ ✓ ✓

Compressing ✓ ✓ ✓

Host name identifying ✓ ✓ ✓

Custom headers ✓ ✓ ✓

HTTPS ✓ ✓ ✓

SPDY ✓ ✓ X

Ban IPs ✓ ✓ ✓

Password protection ✓ ✓ ✓
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chosen and installed, it can be remotely operated as if it is a system running on a physical machine. The 
OS running in AWS does not aware that it is running in a virtual environment. The developer can do 
whatever that could be done, as long as the OS supports it. This solution provides the largest 
comprehensiveness. 

As a PaaS platform, Heroku requires the developer to push the code via git. When the code is pushed, it 
would be running in a restricted environment. The application developer does not have access to the OS 
environment. The developer cannot control the CPU or memory resources, but can only control the 
number of the threads. Services such as databases and email sending must go to external services, either 
provided by Heroku or a third party. For a regular web application, this is acceptable. However, if the 
application requires some service that is not supported by Heroku, the situation could get very 
complicated. 

The case of Amazon AWS represents cloud servers well. And Heroku is a typical case of PaaS platforms.  
Clearly, according to our study, the comprehensiveness of cloud servers is much higher than that of 
PaaSes. We will give cloud servers 5 points for comprehensiveness and 3 points to PaaSes. 

E.2.3 Database 

The main function of database is to store and retrieve data in a structured way. All of the mainstream 
databases provides the same level of comprehensiveness in this sense. The difference between them lies 
in the type of data they support. So we focus on the supported data types for these products. 

MySQL is a typical SQL-based RDBMS. It support SQL as the query interface, and stores data with a 
pre-defined schema. It supports everything for saving and retrieving structured, relational data. The 
support for schema-less data is poor.  

In addition to standard SQL-based standard data, PostgreSQL also supports HStore fields and JSON 
fields. HStore fields are key-value based storage and JSON fields are directory style data fields. 
PostgreSQL provides internal operators to query and perform computation on HStore and JSON fields in 
various ways. In our opinion, PostgreSQL combines the advantage of relational data with schema, and the 
convenience of schema-less data. 

MongoDB is a non-RDBMS. It does not handle relationships by the database itself, therefore the 
application developer cannot retrieve related data in one query. The application has to deal with relations 
by itself. However, with a comprehensive support for JSON style data, in MongoDB one can provide a 
great amount of in-database operations and computations, such as map-reduce. MongoDB supports 
database-side programming in JavaScript, which enhances the ability to deal with schema-less data 
significantly. 

Overall, we believe that PostgreSQL has the highest comprehensiveness since it supports both relational 
schema-based data and schema-less data. MongoDB and MySQL shares about the same level of 
comprehensiveness since MySQL does not support schema-less data and MongoDB supports does not 
support relational data. 

E.3 Conclusion 
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We conclude the comprehensiveness of the technologies according to the studies in Section 6.3. We give a 
score from 1 point to 5 points to all of the technologies related to comprehensiveness. The result is listed 
in Table E.3. 

Table E.3 Study Result of Comprehensiveness 

Category Technology Score

Http Server

Apache 5

Nginx 5

IIS 4

Host platform
Cloud server 5

PaaS 3

Database

MySQL 4

PostgreSQL 5

MongoDB 4
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Appendix F 

Assess and Compare Technologies - Readability 
This appendix assesses the candidate technologies by their readabilities. Section F.1 presents the 
assessment criteria, Section F.2 present the assessment results and Section F.3 is a conclusion of the 
assessment. 

F.1 Criteria 

The readability of a technology is defined as the code written with the certain technology is easy to read. 
However, easy to read is a subjective concept. There is no quantitative way of measuring the readability 
of a piece of code. In this section, we perform a qualitative study, try to determine the readability of 
technologies. 

Usually, people would consider the readability of a piece of code is good if: 

• The code is well-structured in MVC design pattern. 

• The grammar of the code is clean and straightforward, there is no grammatical redundant. 

• No dirty hack is used in the codebase to achieve a certain functionality. 

• Providing the same functionality, the code is relatively short. 

Although we have four clear aspects, those aspects are usually interleaved. It is hard to measure them 
separately. In that case, we perform qualitative studies and give a score from 1 to 5 to each technology, 
depending on the overall estimation of the four aspects we mentioned above. Since the developer don’t 
actually write code with HTTP servers, hosting platforms and databases, we discuss the back-end and 
front-end languages and frameworks only. 

F.2 Assessment Results 

F.2.1 Back-end Languages and Frameworks 

The candidate technologies we are going to discuss are Django, Ruby on Rails, Java EE, Php and .NET 
Framework. We perform a qualitative study for each of the frameworks. The use of the framework 
decides the language to be used already, so we take the programming language into consideration as well 
as the framework itself. After studying all of the frameworks, we give a score from 1 to 5 to each of them. 

Python and Django 

Python is famous for its philosophy, “there is only one way to do a thing”, which makes Python simple 
and clear in grammar. As a Python framework, Django inherits the philosophy of Python. Utilizing MVC 
design pattern, the code lies where it belongs to. The Django framework is well designed, the name 
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scheme is clear and easy to understand. Python is also a language that does many things in a 
comparatively small amount of code. This advantage keeps code written with Django short and concise. 

Ruby on Rails 

Ruby is famous for its flexibility and dynamic features. Usually, this means the code is a bit harder to read 
and understand. However, that is not the case in Ruby on Rails. The flexibility and dynamicity enables the 
Framework to create easy-to-read domain specific languages(DSLs). Ruby on Rails is also well-structured 
in MVC pattern, and it provides useful tools for calling common functions. The readability of Ruby on 
Rails is comparatively high among back-end frameworks. 

Java EE 

The syntax of Java language is complex compared to other languages. The developer has to write a 
comparatively large piece of code to achieve a certain functionality. The lack of dynamicity in the 
language makes it hard for the framework to create DSLs. Hence the code written with Java EE 
framework is long and tedious. Overall, the code readability of Java EE is not as good as Django and 
Ruby on Rails. 

Php 

The syntax of Php is easy to read and understand. However, Php as a combination of language and 
framework is not structured in MVC pattern. The application logic is squashed into the view template, 
which makes reading hard. Php as a language does not have good flexibility and dynamicity, which makes 
DSLs hard to implement. Therefore, the syntax of third party libraries is more tedious than Ruby or 
Python, but better than that of Java. Overall, we think Php has a fair readability. 

.NET Framework 

The language we discuss here is C#. The syntax of C# is cleaner than Java, which makes C# code a bit 
easier to read. With the MVC architectural pattern, the code structure is good. DSL is not heavily used 
in .NET Framework. We think the readability of .NET Framework is fair. 

Summary 

We gave a score from 1 to 5 points to the readability for the above technologies. 5 points mean the best 
readability. The result is shown in Table F.1. 

Table F.1 Readability of Back-end Languages and Frameworks 

Django Ruby on Rails Java EE Php .NET

5 5 2 3 3
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F.2.2 Front-end Frameworks 

Different from the back-end, the front-end utilizes essentially one language only, JavaScript. The 
developer can choose to use other preprocessors like CoffeeScript, but since CoffeeScript compiles into 
JavaScript and one can use CoffeeScript in each framework, it does not affect the readability of 
frameworks. In this case, we compare the readability of frameworks only.  

The comparison is mainly a qualitative study, with the help of TodoMVC. TodoMVC is a web TODO 
application, which implements the same function multiple times in each of the major frameworks. By 
studying this application, we can easily compare the readability of the front-end frameworks. 

The candidates we chose were Backbone.js, Spine.js, AngularJS and Ember.js, for they are the 
mainstream JavaScript frameworks currently in the industry. In the rest of this section, we discuss them 
one after another. 

Backbone.js 

The code written with Backbone.js is clearly structured and easy to read. The MVC architecture is clear. 
The view template is plain HTML with directives embedded. One can easily see the flow of data in the 
framework. We think Backbone.js comes with a high code readability. 

Spine.js 

The code written with Spine.js is well structured. The models, controllers and view templates are easily 
identifiable. The application logic and data flow is clear throughout the code base. We think the code 
readability of Spine.js is also good. 

AngularJS 

In AngularJS, the web application developer has to put directives into the HTML template. While 
increasing develop efficiency, this makes the HTML template bulky and hard to read. AngularJS uses a 
unique way of interacting between view elements and controllers, which may be hard for beginners to 
understand. We think the code readability of AngularJS is good, but not as good as Backbone.js and 
Spine.js. 

Ember.js 

The code structure of the Ember.js application is clear. Following the “convention over configuration” 
philosophy, there are less configurations in the codebase. The code follows MVC pattern, when reading it, 
the reader would not feel unfamiliar. We think the code readability of Ember.js is good. 

jQuery 

Again due to the fact that jQuery is not an MVC framework, using jQuery means that one should always 
organize complex code by himself, and it is hard to organize the growing codebase in a easy to read way. 
Therefore, we consider the readability of jQuery is comparatively low.  
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Summary 

Among all four front-end frameworks, Backbone.js, Spine.js and Ember.js have great code readability. As 
long as the reader understands JavaScript and MVC architectural pattern, he could mostly understand the 
code without even learning the framework in detail. However, AngularJS comes with some unique ideas 
which stops a reader from understanding the code without studying AngularJS in detail. Table F.1 gives 
scores to the four front-end frameworks in readability. 

Table F.1 Readability of Front-end Frameworks 

F.3 Conclusion 

The readability varies much for back-end frameworks. That is not only because back-end frameworks are 
designed in various ways, but also they are composed in various programming languages. In contrary, the 
difference in front-end frameworks is not as great as that in back-end frameworks. As a summary, we 
present the readability of all technologies in Table F.2 

Table F.2 Readability of Technologies 

Backbone.js Spine.js AngularJS Ember.js jQuery

5 5 4 5 3

Category Technology Score

Back-end languages and 
frameworks

Ruby + Ruby on Rails 5

Python + Django 5

PHP 3

Java EE 2

.NET Framework 3

Front-end frameworks

Backbone.js 5

Spine.js 5

AngularJS 4

Ember.js 5

jQuery 3
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Appendix G 

Assess and Compare Technologies - Repairability 

This section presents our assessment to the candidate technologies by repairability. Section G.1 is the 
overview of the assessment. Section G.2 presents the results of the assessment. Section G.3 concludes the 
assessment. 

G.1 Overview 

Repairability stands for the ability of identify and solve the problems after their occurrence. We think the 
related technologies are back-end languages and frameworks, front-end languages and frameworks, 
database systems and hosting platforms. For back-end and front-end languages and frameworks, 
repairability is mainly represented by the possibility and convenience of debugging. As for database 
system, repairability is mainly represented by being able to inspect the data in an human readable way. 

G.2 Assessment Results 

G.2.1 Back-end Languages and Frameworks 

In back-end development, the code is written by application developers. It is inevitable that the code 
contains bugs. When the code misbehaves, debugging is the action of identifying and solving the intrinsic 
problem existing in the codebase. In this section, we inspect into the best practice of debugging in various 
back-end languages and frameworks, and measure their convenience. The candidates are Ruby on Rails, 
Python with Django, Php, Java EE and C# with .NET Framework. 

Ruby on Rails 

Ruby on Rails utilize three environments, development, test, production. Development environment is 
designed to test applications out on the developer’s local computer. The resources and code are 
automatically reloaded on each HTTP request, which liberates the developer from constantly rebooting 
the test server. When an exception happens, Ruby provides a list of call stack, which allows the developer 
to trace back to where the exception happens. There are several debugging tools for Rails to provide in-
line debugging. After installing one of them, the developer can simply place the debugger command in the 
source code to set the break point in the application. When the debugging line is hit during the running of 
application, the developer can inspect and modify the variables in current scope. It is convenient to debug 
in Ruby on Rails. 

Python with Django 

Django comes with a development server, which listens to local file system and reloads the necessary part 
of code when the code is changed. The development server also prints stack traces when exceptions 
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happen. This is useful for debugging the application. Python also comes with a debugger called PDB, 
which works as a traditional debugger. There is another library provides in-line debugging. The developer 
can add a line of debugging code in his project and freeze the program at this line, then he can inspect and 
modify the local variables interactively. Overall, debugging tools in Python and Django are 
comprehensive and convenient to use. 

Php 

Php does not come with an inline debugging tool. In order to set up breakpoints, the developer has to 
install a debug module. In this case, breakpoints can be set in the debug mode of IDE. The developer can 
inspect the variables, but is not able to run arbitrary code. Usually, there is not need to restart the serve 
after editing the code when developing. We think the debugging tools for Php is a bit worse than that of 
Ruby and Python. 

Java EE 

In Java, setting up break point can be done in IDEs such as Eclipse, as long as the application is run in 
debug mode. When a breakpoint is hit, one can inspect the values of variables easily. As a compiled 
language, it is necessary to recompile the code after editing it, otherwise the new code does not take 
effect. In this case, we think the repairability of Java is worse than that of Php. 

C# with .NET Framework 

Since C# code is compiled, it is not possible to see the result directly after editing the code. This make 
debugging harder. C# supports call stack backtrace, which means when exceptions occur, it is easy to 
trace back the source of the problem. Inserting breakpoints is easy with Visual Studio, the IDE provided 
by Microsoft. Overall, the repairability is almost the same as that of Java EE. 

Summary 

To summarize the results of our comparison about repairability of back-end languages and frameworks, 
we drew Table G.1.  

Table G.1 Repairability of Back-end Languages and Frameworks 

G.2.2 Front-end Frameworks 

Unlike back-end, in front-end only one language is used. All major Internet browsers come with built-in 
JavaScript debuggers. Within them the developer is able to set breakpoints, control the flow of code 
execution, inspect the call stack and dynamically evaluate JavaScript console inputs. The difference 
generated by the variation of frameworks does not lay strong impacts on  the overall repairability over 
front-end development, since through the debugger one can always track the flow of execution easily. We 
give 5 points to all front-end frameworks for repairability. The result is presented in Table G.2. 

Ruby on Rails Python with 
Django

Php Java EE C# with .NET 
Framework

5 5 4 3 3
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Table G.2 Repairability of Back-end Languages and Frameworks 

G.2.3 Database Systems 

One of the potential reasons of errors occurring in web applications is data inconsistency. In order to solve 
data inconsistency, the application developer would have to inspect and alter the data in the database 
system. In that case, having a well structured interface to manage the database is the key to repairability 
of databases. In this section, we compare the repairability of candidate databases: MySQL, PostgreSQL 
and MongoDB. 

We found these three products are all mature enough, that they come with great third-party tools to 
inspect, edit and visualize data. One can easily see the data structure, relational scheme and identify the 
problem is there is any. We would like to give 5 points to all of them, as shown in Table G.3. 

Table G.3 Repairability of Database Systems 

G.2.4 Hosting Platform 

The hosting platforms we compare are cloud servers and PaaS environments. It is easy to view the logs, 
inspect the problem and even monkey patch the code on the server directly on a cloud server, for a cloud 
server works as an operating system. The developer has direct access to all of the subsystems. Therefore, 
the repairability of cloud servers are high. In the other hand, a PaaS platform only provides limited access 
to its resources and subsystems. Therefore when problems occur, the way of identifying errors and 
debugging is limited. We think PaaS platforms come with a lower repairability. Table G.4 shows the 
scores we give to both of the platforms. 

Table G.4 Repairability of Hosting Platforms 

G.3 Conclusion 

As we can see from Table G.2, G.3 and G.4, the choice of front-end frameworks and databases does not 
infect the overall repairability. For front-end frameworks, they basically use the same programming 
language, which makes them around the same level on repairability. In the case of databases, since they 
are all well supported by third-party clients, they all come with good repairability. The main difference 
lies in back-end languages and frameworks, as shown in Table G.1. Table G.5 is an overall summary of 
repairability of all candidate technologies. 

Backbone.js Spine.js AngularJS Ember.js jQuery

5 5 5 5 5

MySQL PostgreSQL MongoDB

5 5 5

Cloud Server PaaS

5 3
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Table G.5 Repairability of Technologies 

Category Technology Score

Back-end languages and 
frameworks

Ruby on Rails 5

Python with Django 5

PHP 4

Java EE 3

.NET Framework 3

Front-end frameworks

Backbone.js 5

Spine.js 5

AngularJS 5

Ember.js 5

jQuery 5

Databases

MySQL 5

PostgreSQL 5

MongoDB 5

Hosting platforms
Cloud Servers 5

PaaS 3
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Appendix H - Unstructured Interview Results 
This appendix briefly presents the answer to our questions in the unstructured interview to Student 
Competition AB employees. We did not record the answers word by word, but the result presented in this 
appendix were sent back to the respondents and have been reviewed by them. 

Table H.1 Technology Stack of Student Competitions AB Productions

Table H.2 A Complete List of Technologies Used in Student Competitions AB 

Application 
name

Back-end 
language & 
framework

Front-end 
framework

Database Host platform Web Server

Case 
Challenge

Ruby on Rails jQuery MySQL Heroku -

Testing 
Challenge

Ruby on Rails Spine.js MongoDB Amazon AWS Nginx

sqore.com Ruby on Rails AngularJS MongoDB Amazon AWS Nginx

Sqore Technology Stack

Language & 
Framework

Language Framework

Backend Ruby Rails

Frontend JavaScript/CoffeeScript AngularJS, Spine.js, 
jQuery

View HTML5

Styling CSS haml/sass (bourbon)

Database

Service provider

Relational MySQL

Non-relational MongoDB

Key-Value store
Memcache

Redis

Host Platform Cloud
Amazon AWS

Heroku

Web Server Light weight Nginx
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Question 1: Which technologies were used in Sqore products? 

Student Competition AB has multiple platforms. The newest of them is sqore.com, which started being 
developed in February 2014. Two other products, Case Challenge(CC) and Testing Challenge(TC) are 
older. The technology stacks of CC, TC and sqore.com are presented in Table H.1, of which each row 
represents a production of the company. Table H.2 presents a collection of all technologies used by 
Student Competitions AB. 

Question 2: How was the decision made?  

Sqore developers chose to host sqore.com on Amazon EC2. As they had experience with both EC2(TC) 
and Heroku(CC), they knew the advantage and disadvantage of either of them. The main concern that 
stopped them to use Heroku was that there were too much restriction. Although it is easier to deploy on 
Heroku at the first time, adding special functionality that is not officially supported by Heroku was 
expected to be hard. 

The web server used on sqore.com is Nginx. Sqore developers had been using Nginx on all previous 
products, and were satisfied with it. The alternative solution, Apache, provides about the same 
functionality, however the developers were more familiar with the configuration of Nginx. Additionally, 
Nginx has better performance than Apache when serving static files. 

There was an intense debate on which database to use and it ended up voting between MongoDB and 
PostgreSQL. MySQL is eliminated from the beginning because it‘s lack of support for documented data 
but provides no additional features compared to PostgreSQL. The winner is MongoDB, but the voting 
result was quite even. The reason to support PostgreSQL was that it can be used both as relational 
database and as document database. Those who supported MongoDB said MongoDB provides more 
develop efficiency since it does not require schema, and it scales better. 

Ruby on Rails is chosen as the back-end framework on sqore.com. Consequently Ruby is the 
programming language to use. Sqore developers chose Ruby on Rails because it was used across all Sqore 
projects, including CC and TC. The main reason they chose it at the very first product was that Ruby on 
Rails provided the best develop efficiency in the industry. 

The developers chose AngularJS as the front-end language for sqore.com. They had used pure jQuery on 
CC and Spine.js on TC. jQuery worked well on non-front-end-intensive projects such as CC, but they 
thought it would be hard to use jQuery on a front-end-intensive project such as sqore.com because it lacks 
many useful features, which makes developing single-page application slow and tedious. In the other 
hand, Spine.js evolved through time, but they did not keep the old documentation, which makes 
maintaining the old production harder. In this case, the developers decided to abandon Spine.js. They 
chose AngularJS because it is easier to make single-page web applications with AngularJS. Ember.js was 
another option, but the developers believed AngularJS comes from Google, which is more promising. 

Question 3: How was the decision made?  

The decision making process was simple and clear. The Sqore developers learned experience from the 
previous projects, and made a list of what software quality characteristics were needed for the new 
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platform. It turned out that the development efficiency, the readability and the repairability were the the 
main focus. Also, if the technology is more familiar to the Sqore developers, it has a priority.  

With the target characteristics in mind, they started investigating all possibilities. Of course they knew 
about the technologies they used in the previous products. They also searched on the Internet to learn 
what were the most popular technologies on the stage. Since the technologies were all quite compatible to 
each other, they simple chose the best technology (described in the Question 2 answer) for each category. 
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Appendix J 

First Level Software Quality Characteristics 
Table J.1 presents all first-level software quality characteristics and their sub-characteristics used in the 
thesis. The underlined sub-characteristics were used as the final characteristics in our assessment, and 
were recommended in the WeTS Guidelines. In the rest of this appendix, we introduce each 
characteristics in detail. 

Table J.1 Software Quality Characteristics 

Functionality 

Functionality is the measurement for the function of a technology. A software with higher functionality 
value means it does more work, suits more scenarios, or support more features. For instance, PostgreSQL 
supports additional HStore field and JSON field, which MySQL does not. If other functions are the same, 
we consider that the functionality of PostgreSQL is better than that of MySQL. 

First-level Software Quality characteristics Sub-characteristics

Functionality • Comprehensiveness
• Accuracy
• Currency ( Up-to-Date )

Reliability • Availability
• Robustness
• Repairability

Operability • Learnability
• Usability
• Develop Efficiency
• Accessibility

Performance • Time Behavior
• Resource Utilization

Scalability • Load Scalability
• Generation Scalability
• Geographic Scalability
• Data Scalability
• Expandability

Security • Encryption Ability
• Access Control
• Intrusion Control

Maintainability • Readability
• Well Structured
• Documentation
• Extensibility
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Functionality can be further divided into following sub-criteria: 

• Comprehensiveness - It comes with sufficient set of functions for specified tasks and user objectives. 

• Accuracy - It provides the right or specified results with the needed degree of precision. 

• Currency (Up-to-date) - The technology is continuously being updated, evolved, the developing 
community is credible and active. 

Reliability 

Reliability consists of robustness and stability. Less bugs means more reliable as well. In addition, a 
product that is better supported by either community or the producer adds further credits to reliability.  
Reliability can also be further divided into the following criteria: 

• Availability - It is operational and available when required for usage. 

• Robustness - It is robustly built, with high fault tolerance capacity and not sensitive with environment 
changes. 

• Repairability - When problems occur,  it is easy to identify and solve. 

Operability 

Operability stands for the easiness to install, configure and use the product. A preferred product requires 
no configuration, works out of the box. For instance, Python is considered more operable than C 
language, because in C the programmer has to manage the memory by himself, which is a difficult task. 

Operability contains: 

• Learnability - The learning curve is short. 

• Usability - It is easy to use. 

• Develop efficiency - With the same requirement, it is fast and efficient to develop products with this 
technology. 

• Accessibility - The technology is easy to access. 

Performance 

This criterion is straight forward. The more work is done in a given timespan, the better the performance 
is. However, we should distinct performance against scalability. The performance focuses on the amount 
of work that could be done in a given time, with a given amount of computational resources while 
scalability focuses on the ability of utilizing more resource in parallel. 

Performance is easy to understand. However, we still divide it into two parts: 

• Time behavior - The speed of running. 

• Resource utilization - It requires less resources to run appropriately. 
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Scalability 

Scalability consists of horizontal scalability and vertical scalability. Horizontal scalability stands for the 
ability to increase the throughput when the amount of machines increases. Vertical scalability stands for 
the ability to increase the throughput when the computational resources of a single machine is increased. 
Scalability considers both the performance gain when scale, and the easiness to scale. 

Scalability consists of: 

• Load scalability - It is easy to expand and contract its resource pool in order to accommodate higher 
loads or number of inputs, could be scaled vertically and horizontally.  

• Generation scalability - Ability of a system to scale up by using new generations of technology. 

• Geographic scalability - It is easy to scale a web application to other geographic locations. 

• Data scalability - Storage scalability and data relation (complexity) scalability. 

• Expandability - The potential of combining with other technology when necessary. 

Security 

Security means the ability to protect the information from leaking to a third party. Usually, an open-source 
project comes with higher security than commercial projects, since the public can inspect the source code 
and ensure that there are no backdoors or security holes. However, security cannot be guaranteed even if 
it is an open-source project. For example, [29] is a widely-used cryptography library. There was a serious 
security hole, “heart bleed” issues, found recently on OpenSSL project, which affected around 17 percent 
of the secure websites on the Internet. [30] 

Security consists of: 

• Encryption ability - Being able to encrypt the data so an unauthorized third party cannot intercept the 
data during transmission. 

• Access control - It comes with proper authentication and authorization, actions of an entity can be 
traced uniquely to the entity. 

• Intrusion control - It comes with the ability to detect, monitor, prevent, control security intrusion. 

Maintainability 

Inevitably, the maintainability of a web application largely depends on the code quality, in other words, 
how the code has been written. However, software built with certain technologies is generally easier to 
maintain than those built with other technologies. Usually, newer technologies focus more on 
maintainability. 

For example, Perl language has a very flexible grammar. This means a programmer can do a specific job 
in many ways. Although easy to use, Perl code is difficult to maintain, because it is hard to figure out 
what a piece of Perl code does. A newer language, Python, made significant improvement on 
maintainability over Perl, by recommending only one way of doing a job. 
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Maintainability comes with the following sub-criteria: 

• Readability - Code written with a technology is objectively easy to read. 

• Well structured - Objectively lower level of dependency and nesting. 

• Documentation - The knowledge about the technology is well documented. 

• Extensibility - It comes with the ability to enhance the system by adding new functionality at minimal 
effort.
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