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Abstract
The  objective  of  this  study  has  been  to  investigate  and  compare  frontend 
javascript frameworks and cloud services in order to find which ones are most 
suitable to implement a web based product development application. The appli-
cation will be based on the “House of Quality” methodology, which is com-
monly used in product development. It is basically a way to organize customer 
requirements, identify relevant quantifiable technical parameters and rank them 
in order to find out which ones are most important for the finished product. By 
using this very methodology on the application itself, the most important pa-
rameters were found to be data update delays and the need for additional ser-
vices. The selected cloud services were benchmarked according to these param-
eters. For framework comparison, the methodology was based on existing re-
search  regarding  what  developers  actually  base  their  selection  of  frontend 
javascript frameworks on, which resulted in the metrics maturity, community 
size  and  documentation.  SQL queries  and  benchmarking  scripts  were  con-
structed in order to gather statistics from online services and run performance 
benchmarks. The results reveal substantial differences between frameworks as 
well as in performance among cloud services. A combination of the frontend 
framework Angular, the backend service Firebase and the authentication service 
Auth0 were found to be well suited for fulfilling the requirements of the prod-
uct development application. Finally, potential problems, ethical considerations 
and areas where more research is required are discussed.

Keywords: Javascript, Frontend framework, Cloud service, Backend-as-a-ser-
vice, House of Quality
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Terminology
Acronyms

AaaS Auth-as-a-service. Cloud-based authentication, often 
implementing  commonly  used  social  identity 
providers such as Facebook, Google, etc.

API Application  Programming  Interface.  A specification 
of how software components should interact.

BaaS Backend-as-a-service.  Cloud-based  service  that 
provides commonly needed backend functionality.

CRUD Create  Retrieve  Update  Delete.  The  most  basic 
database operations.

CSV Comma separated  values.  A simple  text  format  for 
representing tabular data.

DoS Denial of Service. Cyber attack with the purpose of 
making a network resource unavailable.

HoQ House  of  Quality.  A set  of  matrices,  resembling  a 
house, aiming to translate customer requirements into 
measurable technical properties.

MVC Model  View  Controller.  Architectural  software 
pattern  used  to  separate  application  concerns  into 
distinct sections.

ORM Object Relational Mapper.  A piece of software that 
converts  data  between  otherwise  incompatible 
formats,  basically  providing  a  virtual  database  of 
objects.

QFD Quality  Function  Deployment.  A methodology  for 
transforming  customer  requirements  into  product 
characteristics and production plans.

RTT Round-trip delay Time. The total time it takes for a 
signal to be sent from a source to a destination and an 
acknowledgement  to  be  sent  from  the  destination 
back to the source.

SDK Software Development Kit. A software package that 
enables developers to create programs for some type 
of platform.

SQL Structured  Query  Language.  A  language  for 
specifying database queries in a relational database.

UI User Interface. The part of a software application that 
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the user interacts with.

VOC Voice  Of  the  Customer.  The  expectations  and 
requirements  that  a  customer  has  expressed  for  a 
product or service.
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1 Introduction
1.1 Background and problem motivation

Vettebrands R&D Consulting AB [1] is a small product development and con-
struction company. They usually handle the entire development process of me-
chanical components all the way from idea to finished product, which means 
they have a need to translate the customers requirements into measurable tech-
nical parameters. This is a time consuming manual process which can be made 
more efficient by specialized software.

Vettebrands usually make use of Quality Function Deployment (QFD)  [2] as 
part of their product planning and development strategy. QFD is a methodology 
for structuring and prioritizing customer requirements  and technical  require-
ments of the finished product, explained in more detail in chapter  2.1. One of 
the basic design tools of the QFD approach is the House of Quality (HoQ) [3], a 
set of matrices that together form a structure which resembles a house. 

To increase productivity and improve customer satisfaction, Vettebrands see a 
need for an easy to use QFD tool. Further, the company frequently experiences 
a need for remote collaboration within the company as well  as between the 
company and its customers, especially in the early stages of gathering customer 
requirements. One potential solution for solving both of these needs with a sin-
gle tool is to develop a web based multi user QFD application.

1.2 High level problem statement

Since the application needs to support collaboration between multiple users in 
real time, it will be developed as a client based web application. While it would 
be entirely possible to implement the client application using plain javascript in 
the browser and implementing our own server application to take care of con-
necting clients and persisting data, much of the work can be simplified by uti-
lizing modern tools and services. 

There  exists  a  number  of  client  side  frameworks  that  perform much of  the 
heavy lifting,  simplify  common tasks  and make cross-browser  compatibility 
less tedious [4]. Coupled with cloud services that offer authentication, data stor-
age and real time messaging, more time can be spent on the actual business 
logic of the application instead of constructing a custom backend solution [5].

However, the explosion in the number of available frameworks  [6] and other 
technologies in recent years has made the process of selecting suitable ones for 
any project a difficult and confusing task [7]. Some research has been done on 
what makes  developers gravitate towards a particular  framework  [8],  and to 
compare frameworks based on their code complexity and quality [9]. 

1
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This study aims to explore a different approach. By using the House of Quality 
methodology, properties by which to compare different frameworks and cloud 
services for the purpose of implementing a House of Quality -application will 
be identified. 

1.3 Scope

This  study  is  limited  to  researching  front  end web application  frameworks, 
backend-as-a-service (BaaS) solutions and other cloud services that can be used 
to shorten development time, such as Auth-as-a-service (AaaS) for user authen-
tication. 

The selected technologies are:

• Frameworks
Angular [10], Ember [11]

• BaaS providers
Firebase [12], Backendless [13]

• AaaS
Auth0 [14]

Note that an implementation of the actual HoQ application is not within the 
scope of this study. 

1.4 Detailed problem statement

This study’s objective is to propose a set of suitable software technologies and 
services for the implementation of a House of Quality web application. It fur-
ther aims to answer the following questions:

• What are the key requirements of the application?

• Which properties influence the choice of frameworks and services?

• How do modern frameworks and cloud services meet the identified re-
quirements?

1.5 Outline

Chapter 2 explains the basic theory of the methods and technologies covered in 
this study, including House of Quality, frameworks and cloud services.
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Chapter 3 describes the methodology of this study’s research. Existing research 
is examined in order to find suitable metrics to be used in the conduction of the 
study.

Chapter 4 demonstrates the practical steps performed to gather the data neces-
sary to provide an answer to the problem statement. This includes performance 
testing cloud services and gathering statistics about frameworks.

Chapter 5 presents the results of the study’s conduction as tables and graphs, as 
well as text.

Chapter  6  discusses  the  results,  the  methodology  and  other  aspects  of  the 
study’s subject, such as the implications of relying on external services. Ethical 
aspects and areas that require further research are also discussed.

1.6 Contributions

The study has been conducted by the author of this report. Assistance with the 
House of Quality analysis has been provided by Christian Magnusson at Vette-
brands R&D.
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2 Theory
This chapter provides a brief overview of the concepts and technologies dis-
cussed in this study, although it is assumed that the reader has prior basic know-
ledge of software development. 

2.1 House of Quality

House of Quality (HoQ)  [3] is a tool within Quality Function Deployment 
(QFD), a methodology that is very commonly used during any form of 
product/service development. A key concept within QFD is Voice Of the Cus-
tomer (VOC), which are the requirements that the customer has for the product 
being developed. Hauser et al. defines QFD as “a product development method-
ology whose objective is to “deploy” the Voice of the Customer throughout the 
product development process.” [2]. 

The point of QFD and HoQ is best demonstrated by an example. A company 
wants to develop a new bicycle. They have gathered opinions and feature re-
quests from existing customers (VOC), and want to use those as the basis for 
their new product. Some of the most common customer requirements are that 
the bicycle should be lightweight, fast and durable. Since lightweight, fast and 
durable aren’t easily quantified, they need to be translated into measurable tech-
nical parameters. The direction of the parameter value that is desirable for the 
product also needs to be established. 

Figure 1: Simple example of QFD on bicycle

Figure 1 gives a very simplified overview of the different variables at play in 
this example. Particularly interesting is the arrow to the right, which indicates 
the correlation between different parameters. This tells us that both weight and 
life expectancy are dependent on the thickness of the material (and of course the 
type of material used). However, in order to achieve a low weight, the material 
thickness must be decreased, which in turn affects the strength of the material, 
and thereby its life expectancy. This is a significantly simplified scenario, but it 
illustrates well how quickly things become complicated and the need to organ-
ize and prioritize the different variables becomes apparent.
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Hauser et al. point out that although QFD can be implemented as a multistage 
process, where each stage brings the process one step closer to the low level 
manufacturing details, it is often thought that most of the value comes from the 
first stage alone [2].

House of Quality basically consists of a set of matrices which, in the first stage 
of QFD, aim to translate the voice of the customer into a set of prioritized and 
measurable technical parameters, also known as “performance measures”. As 
mentioned earlier, the result of this stage alone is often considered enough. 
However, if further iterations of QFD are implemented, the output of the previ-
ous stage is used as input to the next one in a sequential manner.

Figure 2: Common stages of QFD

There are many variations on the actual HoQ matrix, but the general basic 
structure is described in Figure 3. It’s easy to imagine why it’s called House of 
Quality – the different rectangular matrixes together with the triangular correla-
tion matrix form a structure similar to a house.

Correlation matrix

Figure 3: Overview of the House of Quality matrix

• Customer requirements 
This section lists the various customer requirements, also called VOC 
parameters.
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• VOC importance ratings
Assigns a weight (usually 1-5) to each of the VOC parameters.

• Technical parameters
Lists all the technical parameters for the product or service. This is 
sometimes referred to as the Voice Of the Company – a potential source 
for confusion with the VOC!

• Direction of improvement
Indicates, for each technical parameter, if a higher, lower or target value 
is most beneficial for the product. 

• Correlation matrix
Defines correlations between each technical parameter. If a correlation 
exists, it can be a varying degree of either positive or negative, usually 
limited to either weak or strong.

• Relationship matrix
This is the main part of the matrix, which connects the VOC to the tech-
nical parameters and defines the relationship between them. As Pyzdek 
[15] describes, the values are somewhat arbitrary, but it’s generally a 
good idea to put emphasis on strong relationships. Therefore, the expo-
nentially increasing values 0, 1, 3 and 9 are often used to describe none, 
weak, moderate or strong relationships. These numerical values are used 
as multipliers when calculating the importance of the technical priorit-
ies, but they are often represented in the matrix by different symbols 
rather than their numerical values.

• Technical priorities
This is where the end result of the relationship matrix is calculated, res-
ulting in a relative priority for each technical parameter. This gives a 
good hint about which features of the product are most important for 
fulfilling the customers requirements. As mentioned earlier, it can also 
be used as input for further, more detailed, iterations of QFD.

• Competitor evaluations
The competitor evaluation section is not mandatory, but often incorpor-
ated in some form. The data from this section comes from surveying the 
perceived customer evaluations of competitive products regarding the 
VOC parameters. This data can be used to get a better understanding of 
the competition relative to the own product. More advanced implement-
ations can be used to identify areas of possible improvements, ulti-
mately affecting the VOC importance ratings. 

6
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2.2 Frameworks

A software framework is basically software that “provides a standard way to 
build and deploy applications”  [16]. What this means in a sense,  is that the 
framework makes up the environment in which the application code runs, simi-
lar to the relationship between an operating system and an application. How-
ever, a framework usually becomes part of the final application itself, and it’s 
use is therefore mostly transparent to the end user. The framework serves the 
purpose of aiding in development and maintenance of the application code.

Figure 4: General relationship between 
framework, application and environment

The key advantages of using a framework are both structural and functional. A 
good framework makes it easier to structure the code, usually according to 
some form of model-view-controller (MVC) architecture [17]. This avoids the 
typical spaghetti code that often results from the fact that it is very easy to 
quickly jump into developing a project in a single text file without considering 
the potential mess and maintainability problems that will eventually occur as 
the project grows. Frameworks usually also provide some of the basic function-
ality that is often needed, reducing the need for the developer to “reinvent the 
wheel”.

When developing a traditional server side web application, it has long been a 
common practice to use some sort of framework to structure the code [18]. 
Frameworks exist for most major server side languages and range from micro 
frameworks that provide only basic functionality to complete enterprise level 
products. However, the use of frameworks to structure the code on the client 
side has only started to become a common practice in recent years. While lib-
raries such as jQuery and Bootstrap have long been used to simplify user inter-
face (UI) handling, they don’t provide a consistent way of structuring the code, 
and are therefore best referred to as libraries and not frameworks.

Some of the most widely used Javascript client frameworks include Angular, 
Ember, Backbone and Knockout. While they differ in functionality and com-
plexity, the overall aim is they same – they intend to make it easier to produce 
well structured web applications that handle a large part of the business logic on 
the client side. This is a popular trend not only because it improves the user ex-
perience by not having to reload the entire web page, but it also makes it easier 
to create websites that behave similar to native apps on mobile devices.

7

BrowserBrowser

FrameworkFramework

ApplicationApplication



Comparing frontend frameworks and cloud services by using House of Quality
Magnus Wikhög 2018-01-31

2.3 Backend as a Service (BaaS)

Separating an application into a frontend and a backend is a common practice,  
especially in web applications. The frontend is typically the part of the applica-
tion that the users sees and interacts with, while the backend is usually the part 
of the application that contains the business logic and data storage. For web ap-
plications, the most common scenario is a client side frontend that communic-
ates with a server side backend through an Application Programming Interface 
(API). An API is a specification of an interface that is used to communicate 
between different systems, or different parts within the same system.

Figure 5: Frontend and backend

The typical approach to creating a web application is to develop a custom 
backend specifically for each application. However, in many cases the backend 
does little more than Create, Retrieve, Update and Delete (CRUD) data in a 
database, and yet developing it can turn out to be one of the most time consum-
ing parts of the development process of the entire application. The trend of put-
ting more and more of the application logic on the client side has reduced the 
need for many applications to have a custom built backend. This further makes 
spending time and resources on developing a backend less profitable. 

One way to shorten development time of the backend is to use a tool such as 
Swagger Codegen [19], which lets you write the documentation and specifica-
tion of the API first, and then uses that very same documentation as a starting 
point for automatically generating both server- and client side code. However, 
for projects that don’t require heavy custom business logic, an even more time 
saving solution is to use a third party Backend as a Service (BaaS) solution 
(also known as Mobile Backend as a Service, MBaaS). 

A BaaS is a cloud based service that offers various services that are often 
needed by web- and mobile applications. Typically, a BaaS offers user authen-
tication, data storage, push notifications, analytics, custom business logic, geo-
location and other common services. So instead of spending time and resources 
on developing, deploying, hosting and maintaining these services themselves, 
developers can spend more time on the actual business logic and user experi-
ence of their projects. 

8

Client
(Browser)

Frontend
(User interface)

Frontend
(User interface)

Server

APIAPI

DB

FilesystemFilesystem



Comparing frontend frameworks and cloud services by using House of Quality
Magnus Wikhög 2018-01-31

While this is still a relatively new type of service, it is expected to grow rapidly 
over the next few years [20]. Nevertheless, a white paper published in 2013 
[21] lists more than 40 providers already competing for customers. In this pa-
per, Kin Lane makes a comparison to the operating system world, which has 
evolved from being confined to a single computer to moving into the cloud. 
BaaS is an extension of the cloud operating systems, adding features that enable 
application developers to develop apps that essentially run in a virtual cloud op-
erating system.

2.4 Software Development Kit (SDK)

To make it easier for developers to use their services, BaaS providers often 
provide a Software Development Kit (SDK) that simplifies many of the API op-
erations. The SDK is typically a set of components that can be easily installed 
into the application and provide convenient methods to communicate with the 
backend. For example, an SDK might provide a way to perform user authoriza-
tion and login by simply calling a single method provided by the SDK instead 
of having to make multiple calls to the backend and create custom dialogs, etc.

2.5 Data storage

One key feature of a BaaS is to simplify data storage by providing an easy way 
to store, retrieve and manipulate data from a cloud database using the SDK. 
This is often implemented using an Object Relation Mapper (ORM), which is a 
way to convert objects into a format suitable for storage in a relational database. 
Combined with a HTTP REST API, it makes the data available to any device 
that is capable of making HTTP requests. The architecture used for data storage 
vary between services, where some provide Structured Query Language (SQL) 
relational databases and others use NoSQL database structures.

Some BaaS’s implement an easy way for clients to easily monitor some particu-
lar data in the database for changes, such as the Firebase Realtime Database 
[22]. Instead of having the client request the data, the database uses a 
publish/subscribe model where clients subscribe to some particular data, the 
server keeps track of which clients are subscribing to what, and pushes the 
changes to the clients when the data changes. Others don’t provide this func-
tionality directly, but make it possible to implement it by using other mechan-
isms such as combining push notifications with custom event handler code on 
the server.

2.6 Auth as a Service (AaaS)

While BaaS is generally more focused on storage, messaging and custom busi-
ness logic, there are also services that specialise in authorization and authentica-
tion, often referred to as Auth as a Service (AaaS). They typically offer a wide 
range of authentication methods, such as various social network logins or cus-
tom credentials. Using AaaS, developers can integrate login functionality and 
user management into new or existing apps without having to implement the 
user management system themselves, making development easier, faster and 

9
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potentially more secure. As an added bonus, the user experience can be im-
proved by letting users identify themselves using an already existing identity, 
such as a social network profile, instead of creating a new separate user account 
for each application.

As mentioned earlier, many BaaS offer a similar functionality. Therefore, if an 
application is going to depend on a BaaS provider anyway, they can typically 
make use of it’s auth service as well. However, it might be the case that the 
chosen BaaS doesn’t support the desired login provider, in which case a separ-
ate AaaS service can be helpful.

10
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3 Methodology
Since this study involves the QFD methodology, and specifically the House of 
Quality tool, this study will apply HoQ to the actual product that is going to be 
developed. This will lay the foundation for the conduction of this study.

3.1 House of Quality analysis

An HoQ analysis will be implemented in collaboration with Vettebrands. This 
analysis will be based on their existing requirements on the application to be 
developed, which are:

• Multiple users

• Collaborative real time editing

• Easy to use

• Availability

• Future proof

• Modify and commit mode

• Trace origins of customer wants

The HoQ analysis will be used as a starting point for determining the technical 
parameters required by the application. By considering these parameters, suit-
able frameworks, BaaS providers and other external services to be used in the 
implementation of the product will be identified.

Some existing solutions will be tested and benchmarked according to the HoQ 
matrix. The HoQ way of performing competitive benchmarking is to assess the 
competitors and rate each one’s performance in terms of the customer require-
ments. This process results in a chart which is part of the HoQ matrix, and visu-
alises the strong and weak points of each competitor.

3.2 Frameworks

Given the large number of Javascript frameworks with near identical features, 
comparing them is a challenging, and to a large degree subjective, task. There 
are no clear parameters by which to compare them, and a number of possible 
metrics may be relevant in order to make a good choice. 

11
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“Hard” metrics such as lines of code, Cyclomatic Complexity and execution 
times have been proposed by Gizas et al. [9]. Pragmatism, or the “code less, do 
more” factor, is another useful metric proposed by Graziotin & Abrahamsson 
[7]. But as Pano et al. [8] describe, actual decisions by developers and teams of-
ten turn out to be more focused on “soft” metrics such as: 

• Maturity

• Community size

• Documentation

This study will therefore use these three metrics as the basis for gathering in-
formation from online sources in order to examine the frameworks Angular and 
Ember.

3.3 BaaS providers

Much like framework comparison, comparing BaaS providers is largely a sub-
jective matter. Relevant performance measures vary greatly from project to pro-
ject, so there is no general objective way to measure and rank different services. 
Also, unlike the framework comparison, there currently doesn’t seem to exist 
any research on what leads developers to choose one service over the other.

This study will therefore use the technical parameters of the product, i.e. the 
result of the HoQ analysis, to compare relevant service metrics of the BaaS pro-
viders Firebase and Backendless.

3.4 External services

Since all BaaS providers don’t offer the exact same set of features, additional 
cloud services,  referred to  as “external  services” in this  study,  might  be re-
quired. This study will therefore include research of external services that are 
needed in addition to a BaaS.

3.5 Development environment

Development will be done using WebStorm 2017.1 on Mac OSx. All Javascript 
applications will be run in the current version (57 – 63) Chrome browser on 
Mac OSx. 

The following versions of frameworks and services will be used throughout the 
study:

• Angular 2.4.10

• Ember 2.12

12
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• Firebase 3.9.0

• Backendless 4.3.0

• Auth0 10.15 

13
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4 Conduct
The conduction of this study consists of an analysis of the customer require-
ments using the HoQ methodology, as well as usage of the analysis results as 
the basis of investigating frameworks and cloud services.

4.1 House of Quality analysis

The  House  of  Quality  matrix  in  Figure  6 was  created  manually,  using 
LibreOffice Calc. A larger scale version can be found in the appendix.

The construction always starts at the left “wing” of the house, where the cus-
tomer requirements are specified. The following customer requirements were 
gathered in collaboration and discussion with Vettebrands. The number in par-
enthesis is the importance of the requirement on a scale of 1 (not important) to 
5 (very important).

• Multiple users (5)

14

Figure 6: House of Quality matrix of the product to be developed
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20.8 5 Multiple users Θ ▲ 0 0 0

20.8 5 Collaborative real time editing Θ ▲ 0 0 0

16.7 4 Easy to use Θ Ο Ο Ο 3 2 0

16.7 4 Availability Θ ▲ Θ 5 0 3

12.5 3 Future proof Ο Θ Ο 3 1 0

8.3 2 Modify-and-commit mode ▲ 0 0 0

4.2 1 Trace origins of customer wants ▲ 0 1 0

Weight / Importance 150 238 442 304 100

Relative weight (%) 12.2 19.3 35.8 24.7 8.1
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• Collaborative real time editing (5)

• Easy to use (4)

• Availability (4)

• Future proof (3)

• Modify and commit mode (2)

• Trace origins of customer wants (1)

From these  requirements,  we arrived  at  the  following quantifiable  technical 
parameters (which will be used when researching different alternatives for im-
plementing the product):

• Multi user update delay (Multiple users, Collaborative real time editing 
and Easy to use)

• Established UI commands (Easy to use)

• Browser support (Availability, Future proof)

• External services (Future proof, Availability)

• Extensibility (Modify and commit mode and Trace origins of customer 
wants)

The technical parameters are defined underneath the roof of the house. This is 
also where the “direction of improvement” is defined. The symbol ▲ indicates 
that a higher value of the parameter is better than a lower value, and the symbol 
▼ indicates that a lower value is preferred. The correlations between the para-
meters are specified in the roof, where a positive correlation – i.e. that an im-
provement in one parameter will result in an improvement in another one, and 
vice versa – is indicated by the symbol ┼ (weak correlation) or ┼┼ (strong cor-
relation). Negative correlations are indicated by either the symbol ▬ (weak cor-
relation) or ▼ (strong correlation).

The relationships between customer requirements and technical parameters are 
specified in the central area of the house, using the symbols Θ (strong relation-
ship),  Ο (moderate  relationship)  or  ▲ (weak  relationship).  As  described  in 
chapter 2.1, the correlations can be given a numerical multiplier. By multiplying 
the importance of each customer requirement with the correlation value of each 
technical parameter and summing up the total for each column, the importance 
of the technical parameters are calculated. 
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Competitive analysis

A competitive analysis was performed on the following three existing products:

• The “House of Quality” Chrome app and website developed at RWTH 
Aachen University [23]

• qfdonline.com [24]

• smartdraw.com [25]

Each product was tested by attempting to implement the same HoQ matrix, and 
the  perceived  fulfilment  of  each  customer  requirement  was  given  a  score 
between 0 (not fulfilled at all) and 5 (totally fulfilled). The analysis is included 
in the HoQ matrix in the right “wing” of the house.

4.2 Frameworks

The metrics Maturity, Community size and Documentation were identified by 
Pano et al. [8] as possible metrics by which to compare different Javascript cli-
ent frameworks, and will be used in this study.

Maturity

The maturity of each framework is based on the initial release date of their re-
spective repos on GitHub [26][27][28].

Community size

One way to assess community size is to look at statistics gathered from the de-
veloper community platform Stack Overflow [29]. These statistics include the 
number  of  followers  for  each  frameworks  tag  and the  number  of  questions 
tagged, unanswered and resolved (questions that have an accepted answer). The 
statistics were gathered using the Stack Exchange Data Explorer  [30], except 
for the number of followers for each tag, which only seems to be available from 
the info box that appears when hovering a tag on Stack Overflow.

The following queries, built upon and modified from an original proposal of 
Rob Ashton [31], were constructed and used in the Data Explorer Query Com-
poser:
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Code sample 1: SQL used to get data from Stack Exchange Data Explorer

Another source of community metrics is the yearly Stack Overflow Developer 
Survey[32][33][34], which shows that Angular has been one of the top 10 most 
popular  technologies  for  the  past  3  years,  especially  among  front  end  de-
velopers.

Both of the frameworks assessed in this study, Ember and Angular, are open 
source projects with repositories hosted at GitHub [10][11]. This makes it pos-
sible to retrieve data about the actual activity of the frameworks’ development. 
There are a number of online resources that compare and rank various javas-
cript frameworks, libraries and plugins based on statistics from each project’s 
repository on GitHub [35][36]. Data was collected from Javascripting.com, and 
is presented in the results chapter. 

Another way to view the community size is to look at the repository activity 
over time, which could potentially reveal long term trends. The GitHub public 
statistics API [37] makes data about the number of contributors and the number 
of total commits per week available. 

The statistics were gathered by querying the API for the number of commits to 
the respective framework repository [38][39]. The result of the API query con-
sists of a JSON array of each contributor’s additions, deletions and commits per 
week since the repository’s creation.
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DECLARE @TagName varchar(128) = '##TagName##'

/* Total number of questions for the specified tag */
SELECT COUNT(*) AS TotalQuestions FROM Posts P
WHERE P.Id IN (
  SELECT DISTINCT(PostId) FROM PostTags
  WHERE PostTags.TagId In (
    SELECT Id FROM Tags WHERE TagName = @TagName
  )
)

/* Number of unanswered questions for the specified tag */
SELECT COUNT(*) AS UnansweredQuestions FROM Posts P
WHERE P.Id IN (
  SELECT DISTINCT(PostId) FROM PostTags
  WHERE PostTags.TagId In (
    SELECT Id FROM Tags WHERE TagName = @TagName
  )
) AND P.AnswerCount = 0

/* Number of resolved questions for the specified tag */
SELECT COUNT(*) AS QuestionsWithAcceptedAnswers FROM Posts P
WHERE P.Id IN (
  SELECT DISTINCT(PostId) FROM PostTags
  WHERE PostTags.TagId In (
    SELECT Id FROM Tags WHERE TagName = @TagName
  )
) AND P.AcceptedAnswerId IS NOT NULL
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Code sample 2: Snippet of response from  GitHub statistics API request

This data was then processed, using a PHP script, to calculate both the number 
of unique contributors and the total number of commits for each week and to 
present the compiled data as comma separated values (CSV) for easy export to 
spreadsheets and charts.

PHP was chosen here because it offers a lot of useful array manipulation meth-
ods out-of-the-box, which proved valuable when compiling and sorting the stat-
istical  data.  The code snippet below demonstrates how the raw statistics are 
compiled into meaningful categories:

Code sample 3: PHP code illustrating compilation of GitHub statistics
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/**
 * Compiles the raw stats for a given name into weekly stats that are grouped by their
 * characteristics (number of contributors, commits, etc.).
 *
 * @param string $name  The name of the stats to compile.
 * @return object     This object, for method chaining
 */
public function calculateStatsPerWeek($name){
    foreach( $this->stats[$name]['raw'] as $dataPart ){
        foreach( $dataPart['weeks'] as $week ){
            // Contributors
            if( !isset($this->stats['calculated'][$week['w']][$name]['contributors']) )
                $this->stats['calculated'][$week['w']][$name]['contributors'] = 0;

            if( $week['a'] + $week['d'] + $week['c'] != 0 )
                $this->stats['calculated'][$week['w']][$name]['contributors'] += 1;

            // Commits
            if( !isset($this->stats['calculated'][$week['w']][$name]['commits']) )
                $this->stats['calculated'][$week['w']][$name]['commits'] = 0;

            $this->stats['calculated'][$week['w']][$name]['commits'] += $week['c'];
        }
    }

    return $this;
}

[
  {
    "total": 4, // Total number of commits by user
    "weeks": [
      {
        "w": 1513468800, // Week start timestamp
        "a": 0, // Number of additions by this user
        "d": 0, // Number of deletions by this user
        "c": 0  // Number of commits by this user
      },
      // more weeks...
    ],
    "author": {
      // Information about the user
    }
  },
  // more users...
]
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Documentation

Documentation has been gathered from various sources, including each frame-
works’ official website, YouTube, Amazon book store and Google search. 

4.3 BaaS providers

The technical parameters that are most likely to be affected by the choice of 
BaaS  provider  are  “Multi  user  update  delay”  and  “External  services”.  The 
former is obviously directly influenced by the performance of the BaaS, while 
the latter can be indirectly affected due to differences in technology and avail-
able features of the BaaS. For example, if the product to be developed requires 
a specific authentication mechanism that is not available through the BaaS, it 
will need to rely upon a separate AaaS to achieve this functionality.

Both Firebase and Backendless provide similar means for setting up a project 
via their websites  [40][41]. A test project with a database was created at each 
provider, and a project ID and API key retrieved. These are used as credentials 
to initialize the client side SDK and connect to the cloud services.

Update delays

Using a javascript benchmarking script that sends a message to the backend 
database and waits for the server to send the message back to the client, it’s pos-
sible to measure the round-trip time (RTT) of the system. 

The benchmarking scripts were written in pure javascript and use the official 
service provider SDK’s. Testing is performed by sending a message consisting 
of the current timestamp of the client browser, waiting for it to be returned to 
the client as a normal update which triggers the listener method at the client. 
The RTT is then calculated from the difference between the timestamp in the 
message and the current timestamp when the message arrives back at the client. 

With Backendless, a Javascript Promise object [42] is returned when storing a 
value to the database. In short, promises offer an easier and more convenient 
way of performing an action after a task has completed than the traditional way 
of passing callback functions.
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Code sample 4: Code for saving data to a Backendless object data storage

With Firebase, this approach will not work. This is because the Firebase SDK 
offers  offline  capabilities,  which  means  that  a  message  sent  from the  same 
script can be “received” by the SDK and passed to the application before it’s ac-
tually sent to the server.  So simply sending a message and listening for it in the 
same script will not work. When the sending and listening occurs in the same 
script, the message takes a shortcut and is delivered instantly to the listener via 
an internal route, without travelling across the network. However, this is easily 
solved by having the sending script and the receiving script running in different 
browser windows or tabs.

Figure 7: Firebase messaging diagram

The code below illustrates  what  a  typical  Firebase Realtime Database event 
listener looks like. This is the listener from the benchmark script, which calcu-
lates the RTT delay for each individual message that is received.
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 /**
  * Code for storing an object in the Backendless database, and performing an action
  * when a response from the server is received.The RTT delay is stored in the delays
  * array, and when all responses have been received, the benchmarking is stopped.
  *
  */
 Backendless.Persistence.of( "benchmarks" ).save({
    timestamp_sent: window.performance.timing.navigationStart +
                    window.performance.now()
 })
 .then( function( obj ) {
    let timestamp_received = window.performance.timing.navigationStart +
                             window.performance.now();
    let delay = timestamp_received - obj.timestamp_sent;

    delays.push( delay );

    if( delays.length == benchmarkMsgCount )
        benchmarkFinished();
 })
 .catch( function( error ) {
    console.log( "Error: ", error );
 });
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Code sample 5: Firebase Realtime Database listener

The results of each benchmark was output by the script in CSV format and 
compiled into diagrams, presented in chapter 5.3. The tests were performed on 
free accounts on both services, and they both impose limitations [43][44]. How-
ever, at the time of the benchmark there were no limitations in place that would 
have impacted the results.

4.4 External services

The technical parameter “External services” is intended to reflect how many ex-
ternal services the final product will need to rely on. Obviously it needs to rely 
on the BaaS itself, and if the BaaS provides all the needed services there is no 
need for further external service dependencies. 

The basic BaaS features required to implement the HoQ application are

• Database

• User authentication & authorization

However, this is quite a high level view of the feature set. It is important to real-
ize that in order to make an accurate analysis, the detail level of any comparison 
needs to match the detail level of the customer requirements. When discussing 
the project with Vettebrands on a more detailed level, it turns out that one im-
portant part is the choice of authentication method. 

They want to keep the user management simple and streamlined, by using so-
cial user authentication. However, since this is a product that will be used in a 
business setting, the choice of authentication provider is important. For exam-
ple, requiring users to log in using their private Facebook profile is not a good 
solution. A better option would be to offer users a choice between the signing in 
with either a Google account or their professional LinkedIn account [45][46]. 

This means that a more detailed level of the features required by the HoQ appli-
cations are:
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 /**
  * Listener for the child_added event on the benchmark Realtime Database reference.
  * When a new message is received, the RTT delay is stored in the delays array, and
  * when all messages have been received, the benchmarking is stopped.
  *
  */
 benchmarkRef.on('child_added', function(snapshot) {
    let timestamp_received = window.performance.timing.navigationStart +
                             window.performance.now();
    let delay = timestamp_received - snapshot.val().timestamp_sent;
   
    delays.push( delay );
   
    if( delays.length == benchmarkMsgCount )
       benchmarkFinished();
 });
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• Database

• User auth with support for both Google and LinkedIn

It  turns  out  that  Firebase  supports  authentication  using  Google,  but  not 
LinkedIn. Backendless doesn’t support integration with any external authentica-
tion providers without manual implementation.

AaaS

Since it is now clear that neither of the BaaS providers provide the authentica-
tion features required by the product, an external AaaS is needed. This study has 
researched the service Auth0 [14], which supports authentication and user man-
agement using different identity providers on several different platforms and 
frameworks, including both Ember and Angular.

For the purpose of this study, Auth0 was implemented using both Ember and 
Angular, as well as pure Javascript, and the process is very straightforward and 
provides a user interface and authentication workflow that should be familiar to 
most users. However, integrating Auth0 with the backend services – Firebase 
and Backendless – turned out to be a bit more complicated.

Auth0 natively supports authentication for Firebase via delegation tokens [47], 
and combining the two is as easy as flipping a dedicated Firebase switch in the 
Auth0 dashboard and modifying the client code slightly. Unfortunately, in the 
case of Backendless, things are not as simple. Backendless relies on traditional 
user management with username and password. External authentication can be 
achieved by writing custom event handlers, which is a much more time con-
suming and error prone process.
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5 Results
This chapter presents the results of the analysis and construction implemented 
in chapter 4 by answering the questions posed in the detailed problem statement 
in chapter 1.4:

• What are the key requirements of the application?

• Which properties influence the choice of frameworks and services?

• How do modern frameworks and cloud services meet the identified re-
quirements?

5.1 What are the key requirements of the application?

The key  customer requirements  were  identified  in  collaboration  with  Vette-
brands, and are as follows (with their respective importance on a scale of 1-5 in 
parenthesis):

• Multiple users (5)

• Collaborative real time editing (5)

• Easy to use (4)

• Availability (4)

• Future proof (3)

• Modify and commit mode (2)

• Trace origins of customer wants (1)

By implementing a HoQ analysis on the application, the HoQ matrix in Figure
6 was created, in which the customer requirements were translated into the fol-
lowing technical requirements (with their relative importance in parenthesis):

• Multi user update delay (35.8%)

• External services (24.7%)

• Browser support (19.3%)

• Established UI commands (12.2%)
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• Extensibility (8.1%)

5.2 Which properties influence the choice of frameworks and 
services?

By investigating existing research, the metrics suggested by Pano et al. [8] were 
selected as the basis of framework comparison:

• Maturity

• Community Size

• Documentation

From the HoQ analysis, the two most important technical properties were iden-
tified as:

• Multi user update delay

• External services

These properties were seen as having the biggest potential impact on the pro-
posed application,  and were therefor  used to  implement  benchmark tests  on 
cloud service providers.

5.3 How do modern frameworks and cloud services meet the 
identified requirements?

The technical parameters identified by the HoQ method don't result in any clear 
preference for any particular framework. However, using the metrics suggested 
by Pano et al.  [8], Maturity, Community Size and Documentation, the results 
are conclusively in favour of Angular.

As for cloud services, the results of the update delay benchmark implementa-
tions, in combination with the research of external services, indicate that a com-
bination of Firebase and Auth0 seem to be the most suitable cloud services for 
implementing the HoQ application.

Framework maturity

Based on the version history and initial release date on GitHub, Angular could 
be considered more mature than Ember. 
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Framework Initial release Current stable version

Ember 2011-06-18 2.18.0

Angular 2010-10-21* 5.1.3

Table 1: Framework version history as of 2018-01-09. Source: http://github.com

Ember was released in 2011 and is currently in version 2.18.0. 

*Angular was initially released in 2010 as AngularJS. In 2016, the framework 
was completely rewritten and version 2, incompatible with previous versions 
and referred to simply as Angular, was released. It is currently in version 5.1.3.

Framework community size

The community size of each framework was assessed by data collected from 
StackOverflow. Table 2 shows data collected on April 27, 2017.

Framework Followers Questions Unanswered Resolved

Ember 4300 20944 2425 (12%) 12043 (58%)

Angular 26500 45709 8362 (18%) 21929 (48%)

Table 2: Framework community statistics. Source: http://stackoverflow.com

According to this data,  Angular clearly has a larger community than Ember. 
However, Ember does seem to have a very active community, as indicated by 
the  lower  percentage  of  unanswered questions  and higher  percentage  of  re-
solved questions in Table 2, as well as the relatively high number of contribut-
ors and short interval between commits in Table 3. 

Data collected from JavaScripting.com [35] is displayed in Table 3.

Framework Watchers Average 
commit 
interval

Forks Contributors for 
last 100 commits

Ember 17798 7 hours 3704 28

Angular 55557 19 hours 27765 34

Table 3: Framework repository statistics. Source: http://github.com

Community size was also assessed by looking at the statistics gathered from the 
GitHub statistics API. This data is displayed as graphs over time in Figure 8 and 
Figure 9. Since the data for Angular doesn’t go as far back as for Ember, the 
data for Ember was truncated to only include the same time period as Angular.
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Figure 8: Number of commits to each framework's GitHub repository
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Figure 9: Number of contributors to each framework’s GitHub repository

Comparing the statistics from each framework’s GitHub repository reveals that 
the number of active contributors to Ember has dropped since 2015, while An-
gular has retained a large amount of contributors during the same period, as 
shown in  Figure 9. Likewise, the number of commits to each repository, dis-
played in  Figure 8, indicates that Embers popularity seems to have declined 
since 2015 while Angular has as many commits per week today as two years 
ago.

Framework documentation

Both  frameworks  provide  extensive  documentation,  including  quick  start 
guides,  tutorials and API reference, on their respective websites. 

However, a Google search for “angular tutorial” and “ember tutorial” hints at a 
striking difference between the two. The search term “angular tutorial” results 
in more than 14 million hits, whereas “ember tutorial” results in about 450 000 
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hits. A search for books on Amazon [48] yielded a total of 37 books for “ember 
js” and 2 117 for “angular”. 

Video tutorials for both frameworks are also available online, yet once again 
Angular  has  a  much larger  presence  than  Ember.  Particularly  noteworthy is 
“Angular  University”  [49],  which  publishes  courses,  video  tutorials  and  e-
books on the subject. No similar resource was found for Ember. 

BaaS providers

The results  of the update delay benchmark implementations,  in combination 
with the research of external services, indicate that a combination of Firebase 
and Auth0 seem to be the most suitable cloud services for implementing the 
HoQ application.

BaaS update delays
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Figure 10: RTT of 100 database updates with random intervals between 0 to 500 ms

Figure 10 shows the average RTT for both the Firebase and Backendless data-
base, measured by computing the average RTT of 10 iterations of 100 consecut-
ive database updates, sent at random intervals between 0 to 500 milliseconds. 
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Figure 11: RTT of 100 consecutive database updates with zero interval

Figure 11 shows the same measurement as Figure 10, but with no wait between 
each update. 

The RTT delays presented in Figure 10 indicate that Firebase has a shorter aver-
age delay time (274 ms) than Backendless (344 ms), but also a higher amount 
of variation in the delay times. Since the top priority technical parameter is di-
rectly correlated with the RTT delay, this would theoretically suggest that Fire-
base is the better choice. However, for all practical purposes in this particular 
application, both services seem to have perfectly adequate performance.

The benchmark presented in  Figure 11 shows a big difference in how the ser-
vices handle consecutive database updates. Here it becomes apparent that Fire-
base handles this scenario much better than Backendless, which goes from an 
initial delay of 389 milliseconds for the first update, to a delay of 6.3 seconds 
after 100 updates. Firebase, however, starts at 316 milliseconds and increases to 
798 milliseconds after 100 updates. Although it is an unlikely scenario that the 
same client would need to update data on the backend database at this rate, it 
might indicate that Backendless won’t scale as well as Firebase when the num-
ber of users increases. 

External Services

Neither of the BaaS providers could fulfil the customer requirement that users 
should have a choice of authenticating using either Google or LinkedIn, and 
therefore an additional external AaaS provider is needed. The AaaS provider 
covered in this study, Auth0, offers the needed functionality. However, it also 
became apparent that any external authentication is easier to integrate with Fire-
base than Backendless. In the case of Auth0 this is especially easy, since it of-
fers a built in support for Firebase using delegation tokens.
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6 Discussion
The objective of this study was to propose a set of software technologies and 
services suitable for the implementation of a HoQ web application. While the 
results  presented  in  this  study are  specific  to  the  HoQ web application,  the 
methodology and conduction could be applied to other domains.

6.1 Problem statement

The questions posed in the detailed problem statement have been answered, and 
the results suggest that, from the technologies included in this study, a suitable 
combination can be made up of Angular, Firebase and Auth0. 

What are the key requirements of the application?

As shown in chapter 5.1, the key requirements of the application are:

• Customer requirements

◦ Multiple users

◦ Collaborative real time editing

◦ Easy to use

◦ Availability

◦ Future proof

◦ Modify and commit mode

◦ Trace origins of customer wants

• Technical requirements

◦ Multi user update delay

◦ External services

◦ Browser support

◦ Established UI commands

◦ Extensibility

Which properties influence the choice of frameworks and 
services?

The results derived from existing studies shows that the properties likely to in-
fluence the choice of frameworks are:
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• Maturity

• Community Size

• Documentation

The HoQ analysis performed in this study shows that the two most important 
technical properties to consider are:

• Multi user update delay

• External services

These results are expected, as they all relate to the stability and usability of the 
final application. By using a mature framework with a large backing commu-
nity and good documentation, it’s easier for the developer to both get started 
and keep the application maintained for the future. Low update delays result in 
a better user experience,  and relying on as few external services as possible 
minimizes the risk of downtime and future complications.

How do modern frameworks and cloud services meet the identified 
requirements?

The results of the study are conclusively in favour of a combination of Angular, 
Firebase and Auth0. Together, they effectively meet the requirements identified 
in this study. 

Considering the answer to the previous question, the results are expected. An-
gular is currently the most popular frontend framework, so it is reasonable to 
expect it to meet the posed requirements. Similarly, Firebase is one of the top 
players when it comes to backend services, so it is not surprising that it is also 
well performing.

6.2 House of Quality analysis

The biggest benefit of the HoQ analysis in this study was the prioritization of 
technical properties, which made it clear what types of comparisons needed to 
be implemented on the BaaS providers.

Another benefit of the HoQ matrix is that it provides an overview of the interre-
lationships between the technical parameters. This information can be used to 
find areas where an improvement can lead to a range of benefits to the product. 
Similarly, negative correlations might indicate areas where innovative solutions 
could help avoid compromises between opposing technical parameters.

One important thing to keep in mind is that the quality and accuracy of the ana-
lysis  is  dependent  on the original customer requirements,  since they lay the 
foundation  for  the  technical  parameters  and the  rest  of  the  analysis.  In  this 
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study, the customer requirements stem solely from the perceived needs of the 
customer, Vettebrands. It can be argued that a better way to gather them would 
have  been  to  perform  a  more  comprehensive  pre-study  involving  some  of 
Vettebrands existing customers,  in order to find out what requirements they, 
who are also potential future users, would have had on the application.

Competitive analysis

The graph in the right wing of the matrix shows an evaluation of the existing 
products with regards to the customer requirements. The graph shows the per-
ceived score of each competitor for each of the customer requirements.  The 
overall impression of the competitive analysis is that there is plenty of room for 
improvement in most areas, except perhaps for availability. A more detailed ex-
planation of the existing products is given below.

• RWTH Aachen HoQ
This product is fairly easy to use and available through the browser. Al-
though it claims to support multiple users and realtime shared editing, 
the functionality of these features was either severely lacking or missing 
at the time of the study. 

• QfdOnline.com
This product consists of Excel spreadsheet templates. Since the tem-
plates are of a fixed size, extending them to add more customer require-
ments or technical priorities is very difficult. They seem to be optimized 
for Microsoft Excel, and didn’t work correctly in OpenOffice Calc.

• SmartDraw.com
This is an HoQ implementation built on an online drawing platform. 
Upon testing the free version, it actually didn’t work at all. It also suf-
fers from the same limitation as the spreadsheet templates, in that it is a 
fixed size with no easy way to add more rows or columns.

6.3 Frameworks

The implementations for comparing frameworks in this study aim to gather data 
from online sources in a programmatic way, in order to find out how they rank 
in respect to the given metrics maturity, community size and documentation. It 
turns out that some of the metrics can easily and accurately be measured pro-
grammatically with raw numbers, while others are more subjective and harder 
to quantify. For example, community size can be objectively assessed by query-
ing API’s of online communities such as GitHub and Stack Overflow, while 
documentation is  to a large degree a subjective impression (more on this  in 
chapter 6.7).

One could argue that all three metrics are somewhat related – after all, ques-
tions and answers on Stack Overflow can be regarded as a form of documenta-
tion, and having a large number of them as a sign of maturity. In this regard, the 
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data from GitHub could be more relevant for the community size metric than 
the data from StackOverflow.

The implementation performs well, but could be improved. With this kind of 
programmatic approach, the number of frameworks to compare could be in-
creased without much more work. Of course, it requires that data is accessible 
via some form of API or data exploration tool. A fully featured implementation 
could integrate all metrics and visualize them directly in graphic form. How-
ever, for the purpose of this study, it was more beneficial to get tabular data that 
could be used to produce charts in an office application.

While the choice of framework doesn’t seem to have any significant impact on 
the technical requirements, it’s reasonable to expect a correlation between the 
“Future proof” customer requirement and the choice of framework. It’s also rea-
sonable to expect a correlation between community size and “futureproofness”, 
which would mean that Angular has an advantage in that regard. 

Community size doesn’t necessarily say anything about the technical qualities 
of a framework, but it can be expected to affect developers who use it. Relying 
on outside components can be viewed as a potential source for future problems, 
in case that component stops being maintained or is modified in a way that 
breaks client code. This is true for frameworks, BaaS providers or even browser 
implementations. 

However, the opposite can also be true. By writing higher level code that inter-
acts with a framework instead of directly with the browser, client code is decou-
pled  from  changes  in,  or  differences  across,  browser  implementations  that 
might otherwise break the functionality of the application. This, however, re-
quires a framework with an active community that can quickly implement suit-
able changes. 
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6.4 BaaS providers and external services

With regards to the most important technical requirement, it turns out that both 
of the BaaS providers included in this study have reasonably low update delays. 
They do differ somewhat in their respective performance though, and ultimately 
it seems that Firebase gives more consistent response times. 

The increasing response times of Backendless when making rapid database up-
dates without intervals, as seen in Figure 11, are a bit puzzling, especially since 
Backendless states on their website that “An important distinction of our ser-
vice is we do not limit the number of the concurrent calls [sic]” [50]. The code 
uses non-blocking API calls [51] for update and response handling, so it seems 
reasonable to believe that the issue stems from either the SDK or the server.

Since neither of the BaaS providers fully satisfy the customers requirements for 
authentication providers, an external authentication service must be used. For 
this purpose Auth0 seems to be a good choice. Since integration between Auth0 
and Firebase is much easier than with Backendless, this strongly favours Fire-
base as the choice of BaaS provider.  

Moreover, Firebase is able to authenticate using Google without the aid of any 
external AaaS, while Backendless is not. In a scenario where the Auth0 service 
is temporarily unavailable, users would still be able to login using the Google 
authentication provided by Firebase.

6.5 News value

Front end frameworks and cloud services are both examples of areas in soft-
ware development that are increasing in popularity as well as in the number of 
providers [6][20]. This also increases the need for tools and methodologies that 
can be used by software developers to make good decisions. The methodologies 
and results presented in this study are therefore relevant both for practical pur-
poses in software development, as well as for further research in this area.

6.6 Methodology

Frameworks

While the metrics used to compare Javascript frameworks are based on existing 
research about what is important for developers when making a decision, they 
unfortunately  aren’t  related  to  the  user  experience.  An improvement  of  this 
study’s methodology should therefore include some metrics that measure the 
user experience, such as cross browser compatibility and performance.

BaaS providers

This study has made use of existing research on which metrics are important to 
developers when choosing between different Javascript frameworks  [7][8][9]. 
Unfortunately, similar research on cloud services such as BaaS is lacking. This 
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study introduces some possible metrics, mainly round-trip delay time and the 
need for additional external  services.  Since the cloud services market is  ex-
pected to continue to grow rapidly  [20], more research is needed to identify 
metrics by which developers can measure and select suitable services. 

The RTT benchmarking tests are of course subject to the networking conditions 
at the client, and may be influenced by the location of both client and server. In 
order to make a totally unbiased comparison, tests would need to be performed 
in geographically separate locations, preferably across continents in order to 
eliminate the effect of client-server distance. The benchmarks in this study have 
only been performed in one single location, but at roughly the same time for 
both services.

6.7 Subjectivity

The  choice  of  which  frameworks  and  cloud  services  to  compare  has  been 
largely subjective, based on perceived popularity and similarity. While it would 
have been beneficial to include more alternatives in the comparison, the scope 
and time frame of this study didn’t allow for it. 

While the metrics used in this study are quantitative, it should be noted that the 
assessment of framework documentation might be influenced by the authors 
personal  impression of  the  documentation.  It  could be of  interest  for  future 
studies to make use of existing research in documentation quantification, for ex-
ample work done by Arthur and Stevens [52], in order to eliminate any subjec-
tive bias.

6.8 Risks

This study has been focused on utilizing existing software solutions. While the 
arguments for this approach is to reduce development time and cost, relying on 
cloud services comes with it’s own set of problems, such as running costs, se-
curity concerns, limited possibility to add new features and the risk that the ser-
vice will become available, obsolete or be shut down. Even seemingly healthy 
and growing services owned by big companies run the risk of being discontin-
ued, as evidenced by the recent shutdown of Facebook-owned backend service 
Parse [53]. Parse had over 600,000 apps using the service when Facebook an-
nounced that they would shut it down [54][55]. 

Similar problems might arise from the use of Javascript frameworks and other 
software components. One risk is that a framework stops being actively main-
tained, making it incompatible with future browser versions and as a result re-
quiring a major refactoring of the application.

6.9 Ethical considerations

Convenience often comes with a cost, and in the case of cloud services this in-
cludes potential security concerns. As Rasthofer et al.  [56] present in their re-
search paper, there are plenty of potential pitfalls when it comes to privacy and 
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security of backend services. This includes leakage of sensitive data, manipula-
tion of data, spam through push notifications and a form of denial of service 
(DoS) attack based on the fact that some services use a traffic and/or storage 
based  payment  plan.  As  the  authors  point  out,  the  culprit  is  often  that  de-
velopers tend to use insecure default settings and sample code, and assume that 
the cloud services automatically take care of security. In reality, security is only 
as strong as it’s weakest link, so developers still need to make sure that they im-
plement it properly even when using cloud services.

6.10 Conclusion

Although the HoQ web application is not yet implemented, the research in this 
study has revealed both useful technical information about suitable available 
software solutions, as well as insights into the problem domain of the applica-
tion. The QFD methodology in general, and the HoQ tool in particular, is in-
deed interesting and highly useful strategies in any product development pro-
cess.
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Appendix A
House of Quality matrix, large scale
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	Abstract
	The objective of this study has been to investigate and compare frontend javascript frameworks and cloud services in order to find which ones are most suitable to implement a web based product development application. The application will be based on the “House of Quality” methodology, which is commonly used in product development. It is basically a way to organize customer requirements, identify relevant quantifiable technical parameters and rank them in order to find out which ones are most important for the finished product. By using this very methodology on the application itself, the most important parameters were found to be data update delays and the need for additional services. The selected cloud services were benchmarked according to these parameters. For framework comparison, the methodology was based on existing research regarding what developers actually base their selection of frontend javascript frameworks on, which resulted in the metrics maturity, community size and documentation. SQL queries and benchmarking scripts were constructed in order to gather statistics from online services and run performance benchmarks. The results reveal substantial differences between frameworks as well as in performance among cloud services. A combination of the frontend framework Angular, the backend service Firebase and the authentication service Auth0 were found to be well suited for fulfilling the requirements of the product development application. Finally, potential problems, ethical considerations and areas where more research is required are discussed.
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