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I 

 

摘  要 

新发布的框架 Ionic 2 声称能够解决跨平台框架性能低和用户体验差的问

题，这篇论文对其进行了评估。研究主要关注安卓平台上本地应用和 Ionic 2

应用关于性能和用户体验的比较。此外，论文还将 Ionic 2 还和 React Native

进行了比较来得出这两个框架性能和用户体验的差别。本地应用在所有性能测

试中表现更好，尽管差异只是几个百分比的内存占用和电池消耗。用户测试的

结果不尽相同，一些用户根本没有注意到两种应用的区别，然后还有一些用户

对应用如何运作表示关切。最终的结论是，相比于本地应用，Ionic 仍然有很

长的路要走。如果要使用 Ionic 2，它的缺陷不能被忽略。从本研究获取到的

数据来看，React Native 被认为优于 Ionic，但是 Ionic 持续发布新的更新，

正在逐步提升。 

 

关键词：Ionic 2，跨平台开发，React Native 
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Abstract 

In this thesis, the newly released framework Ionic 2, which claims to fix the 

problems cross platform frameworks has suffered from concerning bad performance 

and bad user experience, has been evaluated. The study has focused on the Android 

platform by comparing a native developed application to an Ionic 2 developed 

application. The comparison has been made on performance and user experience.  

As an extent, Ionic 2 are also compared to another evaluation study made for React 

Native, to see how the two frameworks differ, both performance wise and user 

experience wise. The native application performs better in all performance tests, 

even though the difference only was a few percent for memory usage and battery 

consumption. In the user tests, the result was of different nature. Some users did not 

notice any differences between the applications, whilst some had big concerns with 

how the application behaved. The overall conclusion is that Ionic still has some way 

to go to compete with native applications. If considering using Ionic 2, you need to 

be aware of the flaws it has. From the data gathered for this study, React Native is 

considered to be better than Ionic, but with new updates coming continuously, Ionic 

is improving every day. 

 

Keywords: Ionic 2; Cross platform development; React Native
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Chapter 1 Introduction 

1.1 Backgroud 

Today, the development of mobile applications has never been larger. Lots of 

companies must offer a mobile application to their costumers to not fall back 

against their competitors. There are also companies that are purely doing mobile 

application development and sell their product to other companies. Andriod and iOS 

are the main operating systems for these applications and many companies must 

have a working product for both systems. The traditional way is to develop one 

application for Android and one for iOS, which is obviously quite time consuming 

and cost a lot of money since you basically develop the same thing for both 

platforms. Luckily there are frameworks which make it possible to develop cross 

platform applications where only one code base can be used to deploy for both 

Android and iOS. The obvious positive outcome from this is that you only need to 

write code for your application once. But what other effects has it regarding: 

performance, user friendliness and maintenance? Will the application actually act as 

if it had been developed specifically for a certain operating system? To decide if 

cross platform or native application development should be used, a comparison 

between those two must be conducted. There are several frameworks on the market 

that can be used for developing cross platform applications, for this study Ionic 2 

will be used which is built on top of Angular 2 and Cordova. 

1.2 The purpose of project 

There are several frameworks on the market for cross platform development 

that has limitations in performance or the feeling of the app is not native. The 

purpose of this project is to determine if cross platform development via Ionic 2 has 

been enough optimized to be able to act as a replacement for native development. 

1.2.1 Replication 

As just mentioned there are several frameworks for cross platform app 

development, and different frameworks use different techniques. Ionic 2 is a 

framework that easily described is using a browser view (or a WebView, described 

in section 2.7 Apache Cordova) to render the application. Another approach, used 
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by React Native (another cross platform framework) is to have the framework 

running in an embedded instance of the JavaScriptCore inside the of the application 

and then render to higher level platform specific components [1]. With this 

approach, you can access native components of the device. This is supposed to give 

a performance that is almost as good as if the application was written in the native 

programming language. With the WebView approach, you can still access native 

components but to do so you need plugins which could affect the performance [2]. 

Earlier studies have been made on React Native. An example is a study conducted 

by W. Danielsson [3] who compares React Native with a native Android application 

by replicating an already existing app. My study will in a way try to replicate 

Danielsson's study by implementing the same application as him. But instead of 

implementing the application in React Native and evaluate it, this study will 

implement the application in Ionic 2 and evaluate that framework instead. Then a 

comparison of how good Ionic 2 is compared to a native application is gathered, but 

also how good it is compared to React Native. 

1.2.2 Aim 

The aim of this thesis is to evaluate the Ionic 2 framework to see if it is good 

enough to be a replacement for native mobile applications. By implementing an 

application with Ionic 2, an evaluation will be conducted between an already 

existing application and the one implemented with Ionic 2. The evaluation will 

compare the performance of the two applications as well as how the user experience 

is affected. 

1.2.3 Research problem 

The overall goal is as stated to see if Ionic 2 is a good choice to serve as 

replacement for developing native applications. There are several different aspects 

that needs to be considered and evaluated, therefore a number of subquestions that 

individually focuses on one of these aspects are stated. This makes it clear what 

needs to be achieved and easier to see if the results actually answer the main 

research question. 

1. Is Ionic 2 a good choice to serve as replacement for developing native 

application? 
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a. To which extent does an application developed with Ionic 2 

differ compared to a natively developed application for Android 

regarding appearance and performance? 

b. How well does an application developed in Ionic 2 perform 

compared to an application developed in React native? 

 

By answering these research questions a comprehensive comparison between a 

native application and a cross platform application can be made. Both regarding 

user experience and performance. To analyze this an existing native application will 

be selected and then implemented with Ionic 2. After implementation, the first step 

will be to analyze how users experience the application and to see how much the 

two applications differ (if any), and use the result as a parameter in the overall 

comparison. User experience is evaluated in the sense of the ''look and feel'' of the 

application from a user perspective. The second step will be to compare 

performance (i.e. CPU usage, memory usage etc.). To be able to analyze the 

performance, third party tools are needed that can provide this kind of information. 

The tools need to be carefully selected to keep the reliability of the results.  

With these two different aspects, a solid comparison can be conducted to 

evaluate the value of using a cross platform framework for mobile application 

development. 

1.2.4 Reason for choosing Ionic 2 

Because of the increased interest of quick and easy mobile application 

development over the past few years, several cross-platform frameworks are 

available on the market today. Among the the most popular frameworks are: 

Xamarin, React Native and Appcelerator. Ionic 2 differs from these frameworks in 

the sense that it uses web technologies to write and render the application. To be 

able to get a full functional application it requires Cordova bridges to access native 

features. Earlier hybrid applications have been accused for being slow since the 

code need to be compiled at runtime [4]. But with the new release of Ionic 2, the 

Ionic team claims that this has been improved, and the loading time should not be as 

long as it was before [5]. Since it is such a new framework, not much research has 

been done on it and it claims to solve many of the problems cross platform 

frameworks have had before. With this research, parts of the framework will be 
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evaluated to see if Ionic 2 gives what both the users and the developers want when it 

comes to cross platform frameworks. 

1.2.5 Delimitations 

A comprehensive evaluation of a framework like Ionic 2, is a large task. Both 

because you should evaluate all available platforms (Android, iOS and Windows) 

but also because there are a lot of components that needs to be evaluated on each 

platform. Due to time constraints, this study will focus on the Android platform. 

There are several approaches to evaluate cross platform frameworks as discussed in  

section 1.3 The status of related research, but for this study the method carried out 

by W. Danielsson [3] will be used. It means that, instead of spending time on 

developing an application both for native Android and hybrid Android, a replication 

of an already existing application will be performed. The complexity of the 

application is relatively low so the way it is implemented will affect the 

performance and user experience as little as possible. Since Ionic 2 is such a new 

framework, not much research has been done and the help that is available from the 

community is limited. 

1.3 The status of related research 

Below is previous research presented related to the topic of cross platform 

development and testing of performance and user experience. Since Ionic 2 is a new 

framework it is hard to find literature that have used or analyzed Ionic 2 in a similar 

manner. On the other hand, cross platform development has been subject to research 

for some time and can therefore be used as a basis for this thesis. 

Andreas Arnesson [6] conducted an evaluation where he compared a native 

application to applications that where created using cross platform development 

tools. He found that PhoneGap was the best cross platform tool but his experiments 

do not supports for a statement that cross platform is better than native development . 

He compared parameters regarding CPU, memory and power usage. Also worth 

noting is that he performed a literature study and found that the number of 

publications is very limited and can therefore not be used as a valid comparison to 

his result. 

Angulo and Ferre [7] have made a case study where they let two teams develop 

one application each, and they where instructed to create the same application. The 
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difference between the teams was that one team developed a native application for 

Android and iOS where as the other team used a cross platform framework. The 

applications were then evaluated using 37 users that performed several tests. At a 

high level, they found that the Android applications were very similar and in 

general the testers could not note any significant difference. With iOS, the testers in 

general preferred the native application which probably depends on the fact that iOS 

performs better with native applications. Finally they investigated how the usability 

and user experience was effected. To investigate this, they used two separate 

questionnaires where the testers answered a number of questions. With both 

Android and iOS, the native applications got a better result, however the differences 

where quite small. 

Ciman and Gaggi [8] have studied the energy consumption of mobile 

applications and have compared how this changes if it is a native application or if it 

is an application developed with cross platform frameworks. They compare two 

different frameworks with a native application. They found that, if it is a native or 

cross platform application has significant impact on the energy consumption of the 

application. The energy consumption also depended on what framework that was 

used. They claim that with the use of a cross platform application the increase in 

energy consumption can be as high as 60% which makes the decision on how to 

develop an application very crucial. Finally they claim that energy consumption and 

battery life is one of the most important parameters of a mobile device which 

further proves that this is an important aspect to consider when developing a new 

application. 

Delmasso et al. [9] have written a paper where they conduct an evaluation of 

different cross platform development tools. To be able to do this they create an 

application with the different tools and then compare these from a given set of 

aspects. There main focus for the evaluation is the performance of the applications 

where they have selected a number of parameters they will compare. The chosen 

parameters are memory usage, CPU usage and power consumption. They conclude 

that the user experience is not the same as with native applications, but it is a great 

advantage that the apps can be released for several platforms at once. The bes t 

application regarding memory, CPU usage and battery consumption was the one 

written in PhoneGap, but the user interface was very limited. They also point out 
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that power consumption recently has been a common topic of research and it is 

important that applications do not use too much power. 

 

1.4 Main content and organization of the thesis 

This thesis will investigate and evaluate the cross-platform framework Ionic 2. 

First a theoretical background is presented with all necessary information about 

Ionic and its underlying frameworks, as well as the definition of user experience 

and how it differs from usability. Thereafter the method of this study is described, 

with detailed information about how the evaluation was conducted and what tools 

were used. The third, fourth and fifth chapter is about the application that has been 

implemented. Firstly, the requirement analysis of the app is presented followed by 

the system design with a high-level architecture. Then the system implementation is 

presented with class diagram, flow chart and some code examples from the different 

components and plugins that is used. The thesis is wrapped together with the result 

from the evaluation and a discussion about the result. Finally, some further research 

in the area of cross platform development is proposed. 
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Chapter 2 Theory 

In this chapter, the applied theoretical content is presented to raise the level of 

knowledge of the reader in order to grasp the content of the rest of the thesis.  

2.1 An Introduction to Hybrid Platform Mobile Application 

Development 

The number of mobile applications has tremendously increased during the last 

couple of years, and the effectiveness of developing has never been more important. 

Since there are several well used platforms on the market where the most popular 

ones are Android and iOS1 companies don't want to waste time and money on 

developing the same application several times to fit all platforms. Since Android 

and iOS are the most common platforms, hybrid frameworks that converts one code 

base to both of these platforms are available on the market. Khandeparkar et al. [10] 

have written an introduction where they have brought up some important aspects 

where hybrid and native applications may have different properties.  

According to Khandeparkar et al. there are several advantages with hybrid 

development. The design of the user interface is flexible with hybrid frameworks 

since they use well known technologies such as HTML, CSS and JavaScript. 

However, there may be issues when it comes to developing interfaces that deviate 

from standard patterns. When it comes to cost, hybrid development can be 

beneficial in several aspects. Cost can be related to both money and time, and they 

are strongly connected. First of all, only one code base is needed, and therefore only 

one code base need to be maintained. Further, the developers of the application only 

need to be familiar with one developing environment (HTML, CSS, JavaScript). All 

these factors make the development less time consuming which in turn saves 

money. 

In contrast to the presented advantages, hybrid application development also 

has disadvantages. Regarding the performance, native applications tend to give a 

better result, for example, native applications are often more responsive and provide 

a more fluid experience to the user. With hybrid applications, scrolling can 

sometimes cause the user to notice delay which makes the application laggy. Finally, 

                                                 
1 http://www.idc.com/prodserv/smartphone-os-market-share.jsp 
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debugging a hybrid application is often more complicated because there are not 

many tools available. 

The conclusion from this paper is that, since both native and hybrid 

development have pros and cons it depends on the field of application and the 

preferences of the developer to chose what techniques to use. 

2.2 Evaluation framework for cross platform development tools 

When developing cross platform applications there are several tools that can be 

used to ease the development process. Such tools can be Adobe PhoneGap, MoSync 

or Appcelerator titanium and they are called Cross Platform Development Tools 

(CPDT). To decide which tool is the most suitable Dhillon et al. [11] have created a 

framework for evaluating such tools. The framework evaluates the features, 

performance and the development experience of the tools. Though, it is limited to 

applications that are not graphically demanding, which makes it not suitable for 

games. 

The presented framework is divided into three different phases. Phase one is an 

evaluation of what capabilities the CPDT has. The evaluation is checklist -based and 

is conducted by an evaluator by going through the documentation of the CPDT to 

see what is available and then compare it to the checklist. The categories in the 

checklist are based on features that are necessary or commonly used when 

developing mobile applications. One example of a category is CPDT basic element, 

which includes checking properties of the tool such as platform support and the 

pricing. Other categories are sensors (support of available sensors in the phone, 

such as gyro), notification (if the tool supports implementation of notifications in a 

reliable way) and geolocation (use of GPS etc.). When this paper was written, this 

(among others) was the necessary categories but if new categories are required it 

can easily be added because the original ones are designed in a way that they will 

stay consistent. 

The second phase is called "Performance metric". For this phase, benchmark 

tests will be developed as a suite and then deployed on the CPDTs that is being 

evaluated. A comparison between the test suite and similar native tests is then the 

interesting result from this step. Examples of benchmark tests is data-driven 

benchmarks, device access benchmarks and user experience benchmarks.  
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The third and last phase is development experience discussion. This is a topic 

that is difficult to put a measurement on in an easy way. Every criterion of the 

quality can't be put into a measure but instead be evaluated from the experience of 

conducting phase one and two. The evaluation still follows some guidelines to limit 

possible bias from the evaluator. The two discussion topics for this phase is tool 

related discussion and development experience discussion. As the name indicate, 

the tool related discussion is for evaluating the tools. It could be characteristics of 

the tool such as how well it is maintained for updates and new features or if the IDE 

provide the functionality that is needed. If the tool requires extra cost to be used 

with special features should also be brought up during this discussion.  

In the other discussion topic, development experience discussion, the evaluator 

should discuss the experience of doing phase one and two. Examples of specific 

situations where the CPDT has been helpful, and other situations where it could 

have been implemented in another way, is information that should be noted.  

2.3 A study on approaches to build cross-platform mobile 

applications 

Raj et al. [12] have conducted a study on different approaches to create 

cross-platform applications. They also provide a discussion about which approach 

that is best suited for different kinds of applications. The approaches they present 

are: Web, Hybrid, Interpreted and Cross compiled. The web approach means that 

the entire logic is server-based and is accessed through the web browser and 

therefore does not have to be installed on the mobile device. The next approach is 

the hybrid approach, this approach is a combination of a web application and a 

purely native application. With the hybrid approach the application must be 

installed on the device which means that the capabilities of the device can be 

targeted. Next is the interpreted approach which means that the codebase is general 

and then the code is interpreted at runtime on each device. This makes it possible to 

make a cross-platform application look like a native application, but due to the fact 

that the code has to be interpreted at runtime the performance might not be as good 

as with a native application. The last approach is to cross-compile the code, this 

means that you have a codebase and when you are done, you use a tool to compile 

the code for different platforms. This means that you only need one codebase but 

since the code needs to be general device specific capabilities can not be used.  
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Next, they introduce four different kinds of applications, server-driven, sensor 

based, standalone and client-server applications and discusses which approach is 

best suited for the different kind of applications. With server-driven applications the 

web approach is preferred since they both follow a centralized pattern and devices 

only need to be able to present the information. Sensor applications often make use 

of the device's hardware and therefore the cross-compiled approach could be a good 

choice since is has good performance and because hardware actually can be targeted. 

Standalone application means that all of the logic is located locally on the device. In 

this situation, the cross-compiled or interpreted approach would be a good choice 

since they both allows access to the native features. A client-server application 

relies both on servers and the mobile device to be able to process data. In this case, 

the hybrid approach could be a good fit since they are rather flexible.  

2.4 User Experience vs. Usability 

In todays market of mobile applications, it could be really difficult for a 

company or an individual to release a new product and get a big customer base. The 

users of the product often expect something easy and good looking while at the 

same time being fast and efficient to use. To fulfill all these criteria is not easy. 

When talking about the behavior and the appearance of an application, the terms 

user experience (ux) and usability are often brought up. It is important to know the 

difference between these expressions so the focus is clear both when developing a 

product and doing research. According to ISO 9241-11:1998 [13], usability is 

explained as to which extent the goals of using a product are fulfilled, what 

resources are needed to fulfill the goal and to which extent the user find it 

acceptable. User experience on the other hand is more about how the user's 

perception of the application is after and during use [14]–[16]. In an article by T. 

Baekdal [17], the difference is explained by illustrating usability as a freeway and 

user experience as a twisting mountain road with wonderful view. The freeway 

takes you from point A to B in an easy and fast way, but usually it is not a very 

scenic drive. The mountain road on the other hand is a pleasant drive even though 

it's not the most effective. The point is that it is possible that an application has high 

usability but low user experience and vice versa.  
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In this study, usability is not the topic of research. The application that will be 

replicated is free and open source and not chosen from the criteria of finding a good 

and useful application for a specific purpose. How easy the application is to use, 

and if it fulfills the intended tasks are irrelevant for this study. Instead the user 

experience is in focus to see how a user feel and how they experience the 

application during and after using it. 

2.5 Ionic framework 

In 2013, Drifty released their open source SDK framework Ionic, intended to 

help developers to build mobile applications using web technologies such as HTML, 

CSS and JavaScript. The main goal of this framework is to get a native feeling 

application, developed as a hybrid for different platforms. Therefore the focus is 

mainly on user interaction and the look and feel of the application. The product 

Ionic is not a replacement of a JavaScript Framework but instead a complement to 

simplify the front-end part of development [18]. 

2016 Drifty released Ionic 2 release candidate and during this research the final 

version Ionic 2.0.0 final was released (Jan 17). The essentials of the framework is 

the same, but with some major improvements in performance and added features. 

One of the biggest changes is that it is now built on Angular 2 instead of AngularJS. 

This update introduces for example ''NgModule'' which makes organizing the 

dependencies in the application much easier. Instead of declaring them multiple 

times in each file, it's now possible to add them in the root application module and 

just import them in each component you want to use them. Further some 

improvements regarding performance are done because of the upgrade to Angular 2. 

Ionic takes advantage of the Ahead of Time (AoT) compiler during the build 

process which means that the templates are compiled during the building step 

instead of being compiled at runtime. Since the views can be very big, this is an 

improvement that makes a big difference in loading time of the application at 

startup and when switching views [5]. 

Ionic 2 supports all three major platforms, Andriod, iOS and Windows. For 

Android version 4.4 and later is supported (with special plugins it can support back 

to 4.1). iOS is supported from iOS8, and for Windows, Windows 10 Universal App 

is supported. 
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2.5.1 Ionic 2 features 

Ionic 2 consists of a number of features that the developer can use to make the 

application:  

 

UI Component API & Service API 

UI components are high level building blocks that makes up the whole Ionic 

application. With the components, it is easy to build an interface that looks beautiful 

and works well. All components can be customized in appearance and functionality 

to fit the need of the developer. Components mostly consists of HTML and CSS, but 

in some cases JavaScript functionality is also included. On the component 

documentation page2, it is possible to have a preview of all the available 

components in the Ionic library together with clear explanations of how to use them. 

Examples of components are: Modals, Toasts, checkboxes and much more. In the 

service API, you can find services which can be injected into classes. These services 

can be used to customize the components [19]. 

 

Ionic Native 

To be able to use the native functionality on a mobile device, such as camera, 

geolocation or native storage, Ionic has created ES5/ES6/Typescript wrappers to be 

used by the Cordova plugins (section 2.7 Apache Cordova). Ionic Native wraps 

plugin callbacks in a Promise or Observable, providing a unified interface for all 

native functions which ensures that events will trigger changes in Angular 2. In 

Ionic 2 it is really easy to use these native features, and it is done with two steps. 

Ionic will not download all plugins as default, so first Ionic require you to download 

the specific plugin package with Cordova CLI or Ionic CLI (Command Line 

Interface). Some plugins might require extra steps to be fully installed so it is 

recommended to follow each plugins documentation. After this, the only thing you 

have to do to use it in your application is to import the plugin from ionic-native 

package at the top of your class. Simple example is shown in Code 1 [20]. 

                                                 
2 http://ionicframework.com/docs/v2/components/ 
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Code 1: Simple implementation of native geolocation 

import {Geolocation} from 'ionic-native'; 

 

Geolocation.getCurrentPosition().then(pos => { 

  console.log('lat: ' + pos.coords.latitude + ', lon: ' + 

pos.coords.longitude); 

}); 

 

let watch = Geolocation.watchPosition().subscribe(pos => { 

  console.log('lat: ' + pos.coords.latitude + ', lon: ' + 

pos.coords.longitude); 

}); 

 

// to stop watching 

watch.unsubscribe(); 
 

  

Theming 

Ionic use SASS (Syntactically Awesome StyleSheets) for styling, which is an 

extension of CSS. It allows the user to use variables, nested rules, inline imports 

and more, when styling a HTML-based page. Because of that, stylesheets will 

remain well organized even when they grow really big [21]. Ionic 2 have three 

different modes: iOS, Material design (Android) and Windows. These modes 

represent the style that you expect to see from respectively platform. This is another 

way Ionic use to create an as native feeling application as possible. Each of these 

designs can also be customized after the user's own preferences [22]. 

2.5.2 Building process 

When building the Ionic 2 application, a number of tools is used to make the 

building process as easy as possible for the user. For the Ionic team, the goal has 

always been to make it as simple as possible for the user to get an up and running 

application. The developer should not need to have considerable amount of 

knowledge (or even any) about JavaScript building tools to be able to build the 

application [23]. 

To build the application, Ionic use scripts located in @ionic/app-scripts. Since 

applications are written with TypeScript and Sass, this code first need to be 

converted to code that can be interpreted by a browser. For this task, Ionic has tried 

different tools but finally decided to use WebPack 2 as default. WebPack 2 is a 
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module bundler for modern JavaScript applications [24]. The task of a bundler is to 

gather all JavaScript files in the project and create one large JavaScript file. With 

the change to WebPack 2, Ionic got a more mature building tool, but initially it also 

requires much configuration. But since most applications share the same build 

process, Ionic created a universal configuration file. This really lower the 

complexity of building the application and fulfills the goal of having a 

zero-configuration build chain. Advanced users can still customize the building 

scripts, but it also works well out of the box. Before the final release version was 

presented they tested to use another tool called Rollup for bundling JavaScript files, 

which they also let the community use. After some time they realized that this tool 

was difficult to configure when using some third-party libraries. But since the 

community already started to use it, they still support it in the final release [23], 

[25], [26]. For this research though, the default choice; WebPack is be used.  

2.6 Angular 2 

The Angular framework, is a development platform for building web 

applications for the desktop and mobile platform. AngularJS was first presented in 

20103 and is an open source project maintained mainly by Google, but also by the 

community individuals. In September 2016 Angular 2, the successor of AngularJS 

was released4. With this release, big improvement to performance were made 

together with optimization for developer productivity [27]. The applications are 

built in HTML, CSS and JavaScript or in TypeScript which compiles to JavaScript. 

HTML templates (composed by Angularized markup) is used for displaying content 

together with component classes which handles and provides these templates with 

data. Services is used to retrieve data and handles application logic, which finally is 

wrapped together in modules. 

                                                 
3 https://github.com/angular/angular.js/releases?after=v0.9.5 
4 http://angularjs.blogspot.se/2016/09/angular2-final.html 
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Figure 1: Overview architecture of an Angular 2 application (image from Angular 

documentation [28]) 

 

In Figure 1 the overview architecture of an Angular 2 application is shown5. 

There are eight main blocks which a developer need to understand in order to build 

an application: 

• Modules 

• Components 

• Templates 

• Metadata 

• Data bindings 

• Directives 

• Services 

• Dependency injection 

 

2.6.1 Modules 

Every application built in Angular 2 has at least one module, which is called 

the root module. Small applications may only have one module, but when 

applications grow, the number of modules also grows. Usually it is good to divide 

some certain functionality in the same feature module. A module is a class with a 

                                                 
5 https://creativecommons.org/licenses/by/4.0/ 
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so-called decorator of the type @NgModule. A decorator adds metadata to the class 

so Angular knows how to handle that object. More about metadata in section 2.6.4 

Metadata. The @NgModule is a function that takes a meta data object and the 

properties of that object describes the module. The most important properties are:  

 

Declarations - Declare which view classes (components) this module use. 

Exports   - Declares which classes should be exported to be visable 

  for other modules. 

Imports  -  Declares other modules who are exporting classes that is  

  useful in this module. 

Providers  - Declares the services that this module have, which   

  contribute to the global collection of services. 

Bootstrap  - Declares the main application view, which is called the  

  root component. This property is only set in the root   

  module. 

 

Code 2: Simple implementation of a root module 

import { NgModule }      from '@angular/core'; 

import { BrowserModule } from '@angular/platform-browser'; 

@NgModule({ 

  imports:      [ BrowserModule ], 

  providers:    [ Logger ], 

  declarations: [ AppComponent ], 

  exports:      [ AppComponent ], 

  bootstrap:    [ AppComponent ] 

}) 

export class AppModule { } 
 

 

Code 2 shows the basic for creating a module. Note that exports are just for showing 

an example. The root module does not need to export any classes because no 

module need to import the root module. 

 

2.6.2 Components 

The most basic building blocks in an Angular application are components. A 

component is a class that controls a part of the screen, which is called a view. An 

application consists of many components, where each component provides methods 
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and properties that supports the view. Each component has a @Component 

decorator that adds metadata to the class (in the same way as @NgModule described 

in section 2.6.1 Modules). To be useful for other components or applications, the 

component also has to belong to a module. This is declared in the declaration array 

in the NgModule [29]. 

2.6.3 Templates 

Each component has a template which is a HTML file that tell Angular how to 

render the component. The template is using standard HTML tags but also some 

special Angular template syntax. Another component can be included in a template 

by writing the component's selector inside the tags (selector is a metadata defined in 

the @Component decorator), see line 8 in Code 3. Using variables from the 

components are available with {{variable}} syntax and the *ngFor can loop an 

array to display several objects in an easy way. 

 

Code 3: Template including both regular HTML syntax and Angular Template syntax 

<h2>Header</h2> 

<p><i>Some text</i></p> 

<ul> 

  <li *ngFor="let object of objects" (click)="doSomething(object)"> 

    {{object.property}} 

  </li> 

</ul> 

<own-component *ngIf="selectedObject" [object]="selectedObject"></own-

component> 

 

 

2.6.4 Metadata 

Metadata is necessary for the classes to be interpreted as Angular objects. 

Without the metadata, the class becomes an ordinary JavaScript class which 

Angular do not know how to interpret. TypeScript is handling metadata by 

declaring it in the decorator of the class. There are lot of different metadata that can 

be added, and different metadata depending on which decorator is used. For one of 

the most common decorators, @Component the metadata could be selector, which 

tells Angular that if it found a tag with that selector it should create an instance of 

the component and insert it in the place in the template where the tag was found. To 
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tell where the component's corresponding template can be found, the templateUrl 

configuration is used. Of course there are other metadata that can be added in the 

decorator. Some more examples can be seen in Code 4. 

 

Code 4: Declaring metadata in the Component 

@Component({ 

  moduleId: module.id, 

  selector:    'own-component', 

  templateUrl: './my.component.html', 

  providers:  [ MyService ] 

}) 

export class MyComponent implements OnInit { 

/* . . . */ 

}  

2.6.5 Data bindings 

One of the big advantages of using a framework like Angular 2 is data binding. 

Without data binding, the developer would be responsible of pushing data to the 

template and trigger event on user interactions that updates this data. This is a large 

task with big risk for errors. Angular 2 fixes this with four different data bindings. 

The binding has a direction that is either from the component to the DOM, from the 

DOM to the component or both ways. 

 

 

Figure 2: The four different data bindings provided by Angular 2 (image from 

Angular documentation [28]) 
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The easiest way is to use interpolation binding by using double curly braces in the 

template to display the value of a variable from the component. If the value is 

changed by an asynchronous event (for example from the response of a HTTP 

request), Angular will update the view automatically. The second way is property 

binding. With this alternative, it is possible to bind properties from a parent 

component to its child. In the example code in Code 5, line 2, parentProperty is a 

property in the parent component (the component that corresponds to the template). 

In its child component, my-component there is a property childProperty which now 

is binded to parentProperty. The third and last one-way binding is event binding. It 

is implemented by the (click) keyword and is binded to a function in the component 

when the user click on the element. On the last line of the code an example of how 

two-way binding can be used. It is a combination of property binding and event 

binding because the value of parentProperty flows from the component to the view 

(as it does in property binding), but as the user update the input field, that value also 

flows back to the component (as in event binding). 

 

Code 5: Example of three of the binding alternatives in Angular 2 

<li>{{value}}</li> 

<my-component [childProperty]="parentProperty"></my-component> 

<li (click)="doSomething(someParameter)"></li> 

<input [(ngModel)]="parentProperty"> 

 

2.6.6 Directives 

Since Angular templates are dynamic, they need some instructions to know 

how they should act. Those instructions are provided by directives. A directive is a 

class with a @Directive decorator and there are two types, structural and attribute 

directives. Structural directives alter, add or remove elements to the DOM. *ngFor 

and *ngIf (discussed in 2.6.3 Templates) are two structural directives. Attribute 

directives alter the behavior of elements that already exists. The ngModel directive 

discussed in section 2.6.5 Data bindings is an example of attribute directive. 

2.6.7 Services 

Services are something fundamental for an Angular 2 application. The idea 

behind services is that they should handle all non-trivial logic in the application and 
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for example serve the components with data, logging data, calculate data etc. It can 

basically be anything that the application need. Components are supposed to be lean 

and not handle any task such as server calls, validation of input etc. All the logic is 

delegated to services so the component basically only enable user experience and 

nothing else. Even though services are fundamental, Angular 2 does not enforce you 

to use it. It is possible to write a component with 3000 lines of code and put all 

logic in there, but Angular help you to factor application logic into services and 

making them available for all components via dependency injection. 

2.6.8 Dependency injection 

With dependency injection, a component can get all the dependencies it needs. 

Mostly these dependencies are services, and are declared in the constructor of the 

component. When the component is being created, Angular asks an injector for the 

services the component requires. The injector is a container with all services created 

previously. If the service is not created, the injector creates one and can use it when 

calling the components constructor. To let the injector know how to create a service 

you must add it to the provider, either in the module or in the component itself. If it 

is added in the component, a new instance of the service is created for each instance 

of the component. 

2.6.9 TypeScript 

JavaScript has been the natural choice when developing for several platforms 

since almost all modern platforms support JavaScript. But creating large 

applications, easily become messy and difficult to keep structured and in a 

maintainable form. TypeScript was introduced by Microsoft in 2012 as an open 

source language and released under the Apache 2.0 license [30]. It was created to 

simplify web development, make it more reliable and take JavaScript to the next 

level [31], [32]. Because the JavaScript code run trough a just-in-time compiler, 

meaning the code is compiled at runtime [33], it can have negative effects on 

performance. Not only the performance is affected negatively, the application must 

also be deployed before testing can be performed, which slows down the 

development process. TypeScript is a statically typed programming language, which 

means that when the code is compiling, the compiler does control checks to prevent 
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errors and potential bugs from ever happening. With this check, bugs and errors can 

be detected before deploying [32], [34]. 

What TypeScript actually do is generating JavaScript code to be used in a 

cross-platform scenario. It is possible to mix JavaScript in the TypeScript code, 

even though the quality generally will be improved using only TypeScript. One of 

the reasons is that a rich set of object types and accessibility levels are provided 

which ease the work for a developer used to the object-oriented approach. It is made 

easier to inherit and encapsulate objects, which lead to building large scale 

applications in a much easier way by reusing components and libraries [31]. 

2.7 Apache Cordova 

Cordova is an open source mobile application development framework for 

developing and deploying mobile application for multiple platforms. It uses the 

standard web technologies HTML, CSS and JavaScript to run the application in a 

wrapper designed for each platform together with standard API-bindings to access 

the native functionality of the platform [2]. The architecture of Cordova can be seen 

in Figure 3. 
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Figure 3: Architecture of Cordova application 

 

Web App 

The Web App is the place where all of the application code is. It is written with 

a standard index.html file which references to other files (CSS, JavaScript, images 

etc.) that is needed for the application to run. The application itself is built as a  web 

page and runs in a WebView. The WebView is executed within the wrapper and is 

basically a browser window displaying the interface of the application6. The 

WebApp container also have a config.xml file that includes information and 

parameters of how the application work. For example, it is possible to define the 

loading dialog when the application starts, if it should respond when the user tilting 

the phone to landscape mode or set which web engine Cordova should use [2]. 

 

                                                 
6 https://developer.android.com/reference/android/webkit/WebView.html 
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Plugins 

Plugins is a vital part of Cordova to be able to use all functionality a phone or a 

tablet offer. They provide an interface to the native components of the device so 

Cordova could communicate with them. That means that it is possible to invoke 

native components with JavaScript inside the WebView and use them in the 

application. There are a set of core plugins maintained by Cordova. These core 

plugins give you access to components that exists on all devices such as: camera, 

contacts, battery information etc. 

Some devices have special native components and for them there are also 

plugins. They are developed by third parties and can be found by using npm or 

Cordova's plugin search. It is also possible to develop your own plugin if the plugin 

you are looking for is not available. Cordova has a guide of how to develop and 

integrate it with the plugin search on their documentation page7. When using 

Cordova, no plugins are installed by default. Each plugin that you intend to use 

need to be explicitly added [2]. 

2.8 React Native 

As mentioned in section 1.2.1 Replication, this study is based on another study 

by Danielsson, who evaluated the cross-platform framework React Native. React 

Native is a cross platform framework which is based on React (sometimes referred 

as React.js) and is an open source framework released by Facebook. React.js was 

created to simplify the creation of complex interfaces for web applications that have 

datasets changing over time. So what they did was to lower the global complexity of 

an application so the logic (and potential problems) are local and won't break the 

whole application [35]. This happened 2013 [36], and in 2015 React Native was 

released. First it only supported deployment for iOS but now it supports Android as 

well. What differs React Native from Ionic is that with React Native you build a 

real native application (no webapp running in a WebView) but you use JavaScript. 

The code that is written in JavaScript is compiled to native UI blocks for either 

Android or iOS and is therefore "indistinguishable from an app built in Swift or  

Java" [37]. 

The second subquestion of the research question (stated in section 1.2.2 Aim) 

is about how well Ionic 2 can compete with React Native. To get an answer to that, 

                                                 
7 http://cordova.apache.org/docs/en/latest/guide/hybrid/plugins/index.html  



 Thesis for Master’s Degree at HIT and LiU 

24 

the result from Danielsson's study will be compared with the results for this study. 

The research question of this study was if React Native had the support to create an 

application that is indistinguishable from an Android application as well as if React 

Native can compete with native developed applications regarding performance. To 

come up with results he replicated an open source application (Budget Watch) in 

React Native and did performance tests as well as user tests. During the 

performance tests four parameters were tested namely: battery consumption, 

memory usage, CPU usage and GPU usage. Each parameter was tested in three 

different use cases. First when the application was idle, secondly when the user 

added a budget, and thirdly when a transaction was added. The result from each test 

is displayed in Table 1 and the numbers represent the average difference between 

the native application and the React Native application. The cells that have a  

negative value means that React Native performed better than the native 

application. 

 

Table 1: Result from the study by Danielsson 

 

 

During the user tests, users got the chance to use the application and afterwards 

answer some questions. The first question was if they could tell which application 

that was React Native. On this question 72% could tell and the rest (28%) did not 

know. The main reason for the users to distinguish which app that was React Native 

was due to the transitions between pages. Of those persons that could tell which app 

was which, 66% were certain and 33% were pretty certain on their answer. At last 

each user had to answer if they could use a React Native application and 96% 

answered yes. 
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Chapter 3 Method 

In this section, the method of the thesis work is described. It consisted of three 

main phases, where pre-study was the first one followed by an implementation 

phase. At last the evaluation phase was conducted to get an actual result.  

3.1 Pre-study 

In order to develop a system or an application the developer needs to have 

good knowledge about programming language, the overall workflow and the 

architecture of used platforms and tools. The pre-study of this paper included the 

gathering of this knowledge by doing research of available tools and methods to be 

used during development and the evaluation of the application. As mentioned in 1.3 

The status of related research there are not much research done on Ionic 2 which 

makes official documentation, blogs and YouTube videos the primary source of 

information during the development process. When it comes to evaluation, a lot of 

research has been conducted which is a base for the evaluation in this thesis.  

Since this study is a replication of the work of W. Danielsson [3], the 

application to be implemented was decided by his work. The choice of using the 

same application is reasonable because it makes it possible to extend the scope of 

this study to compare the result produced with Ionic 2 with his results using React 

Native. The reason for replicating an application instead of making one native app 

and one Ionic 2 app is described in section 1.2.1 Replication, but the main reason is 

that the Ionic application can get full focus so more functionality can be 

implemented and tested. The application that was used for replication was Budget 

Watch8, and is one of many free and open source (FOSS) applications, which can be 

downloaded from several websites. 

3.2 Implementation 

The implementation was done in Webstorm which is an integrated 

development environment (IDE) created for JavaScript. Since Ionic 2 is built upon 

Angular 2, the application architecture followed the logic of that framework 

(described in section 2.6 Angular 2). The graphical components, such as buttons, 

                                                 
8 https://f-droid.org/repository/browse/?fdfilter=Budget+watch\&fdid=protect.budgetwatch 
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lists and popovers are provided by Ionic to get the native appearance. To be able to 

make an exact copy when it comes to appearance, the native app was first inspected 

and analyzed. Screen shots from each view was taken to have as a reference when 

styling and designing the app. To be able to get the exact same design, the styling 

was taken from the source code of the native application. From these styling files, it 

was possible to extract: font size, the different colors, margin, padding etc. for each 

page. For a description of the overview architecture see Chapter 5 System Design, 

and for a more detailed description of the implementation in form of what 

components is used and which plugins that was needed see Chapter 6 System 

Implementation. 

3.3 Evaluation 

The evaluation part was divided into two major categories, performance and 

user experience. The performance evaluation focused on how the application makes 

use of the hardware resources and gives a result with actual numbers. The user 

experience evaluation focused on what differences the users could find in the two 

applications and if they preferred one application over the other.  

3.3.1 Performance 

The parameters that were used to measure the performance of the two 

applications were: memory usage, CPU usage and power consumption. Based on 

read literature these parameters are a common basis of performance evaluations 

because they are critical factors in mobile devices because of their low capacity 

compared to PC's [38]–[40]. The different parameters were measured as follows: 

 

CPU      -  The percentage of the total CPU capacity used. 

Memory usage  -  How many Mb the application requires. 

Power consumption  -   How many mW the the application use.  

 

To measure the memory usage and CPU usage a third-party tool called Trepn 

Profiler was used (detailed description of the tool in section 3.5.1 Trepn Power 

Profiler). To measure the power consumption there are two alternatives that can be 

used, either you use a hardware tool and connect it to the phone [8], or you can use 

a third-party software tool. Both alternatives are reasonable methods, but for this 
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study the third-party software tool PowerTutor (see section 3.5.2 Power Tutor) was 

used. There are two reasons for choosing a software tool instead of a hardware tool. 

First of all, it is easier to use a software tool. It is just to install the application on 

the mobile device and then start the analyzing. The hardware tool requires a specific 

device which is connected directly to the battery and the advantage of this approach 

is that it reduces the impact from external events [8]. But in a study by S. Musinda 

[41], PowerTutor is compared to the hardware tool Monsoon hardware tool9 and 

the result shows that the difference in using the Monsoon hardware tool compared 

to PowerTutor is so small that it can be considered accurate enough. 

There are also different software tools for measuring battery consumption. 

Trepn Profiler, which was used to measure CPU and memory consumption is also 

capable of doing that. But in a study by Bakker [42], where different software tools 

for measuring battery consumption are compared, PowerTutor is considered the best. 

L. Zhang et al. [43] also conclude that in 10 seconds intervals, the accuracy of the 

power model in PowerTutor has en error of 0.8% in average and a maximum of 

2.5%. Because of these reasons, PowerTutor was used for battery measurement in 

this study, even though Danielsson was using Trepn, because it was considered a 

more accurate tool. 

When gathering results there are two types of scenarios for the three 

parameters (CPU, memory and battery) to be measured. Either you just start the 

application and measure the performance right away when the system is idle, or you 

start the system and execute a number of commands to see how the system behave 

during use. In this thesis both alternatives were performed to be able to detect 

differences when the application is idle compared to when it is in full use. To get a 

higher reliability, all the tests were performed five times, and to get the final result, 

an average value was calculated that was used for further analysis. To be able to get 

a valid average value, the commands had to be executed at the same time for each 

run. Otherwise, the hardware might for example be used during second 20-30 of the 

test for one run, and 25-35 for another run. That would lead to a misleading average 

value when result is displayed in a graph. To avoid that from happening, 

checkpoints during the tests were set so each command started at the same time for 

every run. The exact checkpoints can be found in section 3.4 Test cases. 

 

                                                 
9 https://www.msoon.com/LabEquipment/PowerMonitor 
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To minimize the impact from other apps and network interference, all other 

apps was terminated and the phone was put in flight mode. This was possible since 

the app itself did not require any internet connection. When terminating all other 

applications, they were not just deactivated from active apps. Instead each 

application was "forced to stop" in the application manager to be sure they had no 

impact on the hardware of the phone. Furthermore, the same phone was used for all 

tests, and the tests were performed on the two applications every other turn.  

3.3.2 User Experience 

Even if the performance tests show good results and Ionic 2 can compete with 

a native developed application, none of that matters if the user does not have a good 

experience when using it. There are several methods for evaluating the usability, but 

as described in section 2.4 User Experience vs. Usability, usability differs from user 

experience. The user experience can not be measured by logging the number of 

click errors or the time it takes for a task to be executed. Instead it is necessary to 

get an understanding of how the user feels when using the app [16]. In this thesis, 

usability is not the topic of research. The replicated application is free and open 

source and was not chosen from the criteria of finding a good and useful application 

for a specific purpose. How easy the application is to use, and if it fulfills its 

intended tasks are irrelevant for this study. Instead the user experience was in focus 

to see how a user feel and how they experience the application when and after using 

it. 

Observing a user while performing a certain task is a common way of 

evaluating user experience. But [16] claim that a user experience evaluation not 

only should include an observation of some random test persons. This is because the 

experience is context dependent, meaning that different circumstances often gives 

different user experience. 

Therefore, the evaluation of Budget Watch was conducted by mixing several  

methods, to be able to understand the user experience of the app. The users were 

first told to perform two specific tasks (described in section 3.4 Test cases) while 

being observed, and then they got the chance to play around freely with the two 

apps. The concentration for the observer was on how the users reacted when using 

the application, with main focus on button pushes and navigation of the app.  From 

the perspective of the observer it is possible to notice details about navigation 
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problems that the users themselves would not notice. The tasks were performed 

both in the native application and Ionic 2 developed application and the user did not 

know beforehand which app was which. After the tasks the user had to answer a set 

of questions regarding how he/she experienced the app, and what differences he/she 

noticed between the two apps. The questions were: 

 

1. Did you notice any difference between the two applications in terms of 

performance? 

2. Did you notice any difference between the two applications in terms of 

appearance? 

3. If yes on either question 1 or 2: Would one of these differences make 

you not want to use one of the applications? 

4. Can you tell which application that is native developed? 

5. Connected to question 4: How certain are you? (Certain, pretty certain, 

not certain)  

 

In total 20 users did the tests and the persons that were chosen, were persons 

that worked with IT development and had experience with Android applications. 

Therefore they can be considered as experts. New users tend to not act with a 

typical behavior [44] and experienced users knows how the system is supposed to 

behave. Since the goal was to find differences compared to the native application it 

was more suitable to have experienced users as test persons. 

A common way of evaluating a system or an application is to measure the time 

it takes for a user to complete a certain task. This method could be interesting in a 

study like this if the application has long loading times or if the app itself was the 

main target of the evaluation. But since it is Ionic 2 as a framework that  should be 

evaluated and the tasks are quite straight forward, it does not really matter if the 

user takes 2 minutes or 3 minutes to complete the task. It does not give any more 

relevant data for the evaluation of the framework. 

Already during the development of the application, a distinguishable difference 

between the two applications regarding boot time was noticed. The native version of 

Budget Watch booted instantly while the Ionic version took about 5-7 seconds to 

boot. Since this is such a clear difference between the two version and the answer to 

the question if it is good or bad is quite obvious and not depending on the user, this 
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part was removed from the user test. So instead of giving the phone to the users and 

letting them open the application by themselves, they received the phone with the 

application already opened. This was done for both applications so the user would 

not notice any differences. The application was therefore evaluated without the 

startup phase which is important to know when analyzing the result. 

3.4 Test cases 

To make the comparison as comprehensive as possible, three tests were created. 

The first test was only executed for the performance evaluation whilst the second 

and third was executed both for performance and user evaluation. 

3.4.1 First test – Startup and idle 

The first test was created to test how the two applications differ during startup 

and when it is idle (i.e. an app that is started but not interacted with). So the first 

test was basically to start the app and let it run for 30 seconds while measuring the 

three parameters. 

3.4.2 Second test – Navigation and database 

Two use cases that required interaction from the user was created to cover the 

main functionality of Budget Watch. The first case included creating, editing and 

deleting a budget. Those tasks consist of a lot of navigation and calls to the native 

SQLite database which could have effect on both performance and user experience. 

For the performance tests, pauses were made after some commands to be able to 

make a good comparison in the end. After startup, nothing was done for the first 10 

seconds. Then, a new budget with the name "Clothes" and a value of 300 was 

created. This took about 20 seconds so after 25 seconds the budget value was edited 

to 500. That took approximately 10-12 seconds. 15 seconds later the budget was 

finally deleted. The screen shots of the road map together with the timeline of the 

test can be seen in Figure 4: Road map of test case 1 and Figure 5: Timeline over 

when each command was performed for the second test. 
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Figure 4: Road map of test case 1 

 

 

Figure 5: Timeline over when each command was performed for the second test 

3.4.3 Third test – Camera and write to file 

The third and last case was about adding a transaction. In this case, the native 

functionality of the camera was used to see the how the two app versions handles it 

together with accessing the internal storage when saving photos. Just like the 

previous case nothing was done before 10 seconds after startup. Then a new 

transaction in form of an expense was added. All input fields were needed to be 
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filled in and before submitting, a photo was captured as receipt. The camera was 

started after 35 seconds and the expense was saved after 50 seconds. After that a 

revenue was created (10 seconds after saving the expense) and the camera was used 

again and it was started after 1 minute and 25 seconds. After 1 minute and 40 

seconds the revenue was saved and the test was finished. The screen shots of the 

road map and the timeline can be seen in Figure 6: Road map of test case 2 and 

Figure 7: Timeline over when each command was performed for the third test  

 

 

Figure 6: Road map of test case 2 

 

 

Figure 7: Timeline over when each command was performed for the third test  

 

 

3.5 Tools 

In order to implement the application, a number of tools are required. This 

section presents those tools. A more detailed description of the tools can be found to 

each tool's corresponding section. 

 

• Linux Ubuntu 16.04 LTS – The development environment. 
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• Ionic 2 framework 2.1.14 – The cross platform framework to be 

evaluated (section 2.5 Ionic framework). 

• Angular 2 framework – A framework for building web and mobile 

applications (section 2.6 Angular 2). 

• Apache Cordova – Wrapping up HTML, CSS and JavaScript code so it 

is runnable on the mobile device. Also provides plugins to access native 

features of the mobile device (section 2.7 Apache Cordova). 

• Webstorm – IDE for JavaScript developing (section 3.5.3 Webstorm). 

• Gitlab10 – As version control tool, Gitlab is used. It provides git 

management, issue tracking among others. In the project, Linköpings 

University’s Gitlab server is used (section 3.5.4 Git). 

• Trepn Power Profiler – A tool for profiling performance of 

applications for mobile devices (section 3.5.1 Trepn Power Profiler). 

• PowerTutor – A tool for profiling battery consumption of applications 

for mobile devices (section 3.5.2 Power Tutor). 

• LG Google Nexus 5X – The phone model the performance and user 

experience tests were performed on (section 3.5.5 Nexus 5X). 

• Test users – A group of test users will be selected from Cybercom to 

perform the user tests. 

3.5.1 Trepn Power Profiler 

Trepn Power Profiler is a tool for measuring power consumption and the 

performance an application takes from the hardware. The tool is in the form of an 

application for Android and is supported for most devices that runs Android 4.0 or 

later. It is possible though to get extra functionality if the application runs on a 

device featuring Qualcomm Snapdragon processors. The extra functionalities are 

that you are able to display an accurate power consumption in milliwatts, GPU 

frequency and load, and the amount of data the application use. To use the tool one 

basically install the application in the phone and chose which application that 

should be monitored. Before starting the monitoring, it is easy to chose which 

parameters that should be measured in the settings. The application can then be used 

to collect all necessary data [45]. 

 

                                                 
10 https://gitlab.ida.liu.se 
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After the application is used, Trepn saves all data in a .csv file or .db file  for 

later analysis. It also displays graphs of the different parameters for an easy 

overview of the consumption of the application. If there are spikes in CPU usage or 

power consumptions, Trepn can also pinpoint in the code where this happens so you 

can know what causes the spikes. Since Trepn is a quite powerful tool, the 

application itself consumes some power and CPU-usage. According to themselves, 

the application consumes 20%-30% of a quad core CPU. But since this consumption 

is for both the native and Ionic application it can be ignored in the final comparison. 

To get an accurate power measurement background processes were terminated, the 

profiling was done in the background with no visible graphs on the screen according 

to the best practice suggested by Trepn11 when testing the application [45]. 

3.5.2 Power Tutor 

When measuring the power consumption, PowerTutor was used. PowerTutor is 

an application for Google phones that displays the power an application consumes 

from the major system components. With PowerTutor, software developers can see 

what impact for example a design decision have on the power consumption of the 

application. Regular users can use it to see which applications affecting the battery 

life most. It uses direct measurement of the different power states in each 

component to build its power model and the model usually has an estimation within 

5% of the actual value. After logging the power consumption, the data can be 

exported to a file for further analysis on a computer [46]. 

3.5.3 Webstorm 

Webstorm12 is an IDE (Integrated Development Environment) primary for 

JavaScript development. It has intelligent coding assistant by proposing completion 

of a variable or a method, detect syntax errors and highlighting key words for an 

easier overview. It supports the latest technologies such as HTML5, CSS, 

TypeScript and much more to ease the development process for developer. It also 

supports version control, tool integration as npm or Grunt and a debugging tool for 

tracing and detecting errors and bugs. 

                                                 
11 https://developer.qualcomm.com/forum/qdn-forums/software/trepn-power-profiler/28335 
12 https://www.jetbrains.com/webstorm 
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3.5.4 Git 

For version control git was used. Git is a command line tool for keeping track 

of different versions of the code, and was developed by Linus Torvald in 2005. You 

commit and push changes to a repository where each commit is one version of the 

software. If a bug is detected on a commit, it is easy to roll back to previous stable 

version and fix the bug. For this project, the git server was located on a GitLab 

server provided by Department of Computer and Information Science at Linköping 

University. 

3.5.5 Nexus 5X 

The device used for testing is Google Nexus 5X and was released in 201513. 

The reason for using this device was because it was recommended by Trepn since it 

has the Qualcomm Snapdragon processor and is a pure Android phone with less 

preinstalled apps and fewer services running in the background. The specifications 

are as follows: 

 

• Processor - Qualcomm® Snapdragon™ 808, 1,8 GHz hexa-core 64-bit.  

• RAM - 2 GB LPDDR3 

• Battery - Capacity 2700 mAh 

• Rear Camera - 12.3 MP 

• Android version - 7.1.1 

 

                                                 
13 https://www.google.com/intl/en/nexus/5x/ 
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Chapter 5 System Requirement Analysis 

In this chapter, a description of Budget Watch, the application that will be 

implemented with Ionic 2, is presented. To be able to make a version that really 

looks like and has the functionality as the native version, functional requirements 

have been produced and are also part of this chapter. 

4.1 The goal of the system 

Budget watch is an application for managing personal budgets. The purpose is to 

add your day-to-day expenses to keep track if you hold your budget that you have 

added previously. 

When starting the application, it displays two list items. One that says "Budget" 

and one that says "Transactions. If you click on the budget item you are directed to 

the budget page. From here you can see a bar at the bottom where the total amount 

of money spent, and how much you are allowed to spend. In the top header to the 

right, there are two buttons. One plus sign for adding a new budget, and one 

calendar icon for filtering the date range for current budgets. At the center of the 

screen each budget is displayed as a list item, with name and how much money is 

spent, both with a progress bar and in numbers. To add a new budget, you simply 

click on the plus sign and is displayed with two input fields: type and value. The 

value symbolizes how much money you are allowed to spend on this budget, and 

the type is basically the name of the budget. When you save the newly created 

budget is displayed in the budget list among all the other created budgets. The 

calendar icon is for choosing the between which dates you want to show 

transactions for. 

Going back to the start page, the other alternative was to click on 

"Transactions". This page consists of two tabs, one called "Expenses" and one 

called "Revenues". Exactly like the budget page, there is a plus sign at the top right 

corner where you can add expenses or revenues for each respective tab. When an 

expense or revenue is added, you can fill in name of the expense/revenue, which 

budget it belongs to, account name, value, note, date and capture a receipt. When 

you click save, the item is added to the list of other transactions. A view of available 
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pages in Budget Watch can be seen in Figure 8. Each arrow corresponds to where 

you can navigate from each page. 

 

 

Figure 8: Flow diagram between pages in Budget Watch 

4.2 The functional requirements 

To have a good overview of what requirements that needs to be done in order 

to make a replication of the application, the functional requirements are divided into 

a set of "per page" requirements. With this setup, it is easy to see if every page 

fulfills expected functionality. 
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4.2.1 Home 

 

Figure 9: Screenshot of home page 

 

The start page of the application is a simple list view where the user is displayed 

with the different functionality he or she can choose to use. 

 

H1. A list with two items presenting the alternatives "Budget" and 

"Transaction". 

H2. Each list item shall redirect to a new page. 

H3. In header bar, three buttons shall be displayed where two of them leads 

to a new page and one presents a popup modal. 

H4. The user shall be able to change quality settings of the picture taken 

when adding a transaction. 

H5. The user shall be able to export data within the application to external 

file.  

H6. The user shall be able to see an "About-page" about the application. 
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4.2.2 Budgets 

  

Figure 10: Screenshot of Budget Page 

 

The budgets page displays all budgets the user has created as shown in Figure 10.  

 

B1.  A list with all budgets created by the user containing name and the amount 

spent in that budget, both in the form of a progress bar and in numbers.  

B2.  If no budgets are created, an informative text will be displayed, explaining 

how to create a new budget. 

B3.  The user shall be able to add a new budget. 

B4.  The user shall be able to change the date range of which transactions that 

shall affect the progress bar and the numbers of each budget.  

B5.  The user shall be able to see the total amount spent from all budgets.  
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4.2.3 Transactions 

  

Figure 11: Screenshot of Transaction page 

 

The page of transactions displays the expenses the user has added as well as the 

revenues added. 

 

T1.  The user shall be able to choose if he or she want to list expenses or 

revenues. 

T2.  A list of expenses or revenues where name, amount, which budget each 

item corresponds to and the date is displayed for each item in the list.  

T3.  The user shall be able to add a new transaction. 

T4.  The user shall be able to edit and delete a transaction. 

T5.  The user shall be able to view a transaction that was added from before. 
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4.2.4 Add Budget 

 

Figure 12: Screenshot of Add budget page 

 

The add budget page is navigated to when clicking the "add" button from the 

Budgets page. It allows the user to add a new budget where transaction later can be 

connected to. 

 

AB1. The user shall be able to input a name and a value of the budget.  
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4.2.5 Add Transaction 

  

Figure 13: Screenshots of Add expense page 

 

The add transaction page is similar to the add budget page, but with a few more 

input fields. It is navigated to by clicking the "add" button from the Transactions 

page. 

 

AT1. The user shall be able to input name, budget, account, value, note, date 

and receipt. 

AT2. The receipt shall be a photo taken by the device's camera. 

AT3. If the value field is not filled in, the user will be displayed with a 

message telling that field is required. 
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4.2.6 Settings 

 

Figure 14: Screenshot of the settings page 

 

S1.  The user shall be able to change quality of the receipt, taken by the 

camera. 
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4.2.7 Import/Export 

 

Figure 15: Screenshot of the Import/Export page 

 

IE1.  The user shall be able to export all transactions to local storage on the 

device. 

IE2.  The user shall be able to import transactions from local storage 

IE3.  The user shall be able to choose the export format to be .csv. 

IE4.  The user shall be able to choose the export format to be .zip. 

 

4.3 The non-functional requirements 

NF1. The application shall be implemented with TypeScript. 

NF2. The implementation shall follow the best practice of Ionic 2.  

NF3. The implementation shall follow the design and structure of the native 

version of Budget Watch. 
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4.4 Brief summary 

This chapter has described what the goal of the application is, and how it is 

used. This chapter has also listed all functional requirements for the application. 

Each page in the application has its own set of requirements for an easy overview of 

what has to be done for each page.  
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Chapter 5 System Design 

The system will be implemented in Ionic 2, which build on top of Angular 2 

and Cordova. In this chapter, a high-level design of the system architecture is 

presented together with best practices so the implementation is optimized as much 

as possible. 

5.1 Limitations 

In chapter Chapter 5 System Requirement Analysis the requirements for the 

original native application are presented. During development, some of these 

requirements could not be fulfilled due to lack of support from Ionic, and no 

third-party plugins were found. 

There were two main functionalities that were not implemented. One was 

functional requirement B4 where the user was supposed to be able to set the date 

range of which transactions that should be included in the calculation of how much 

is spent on each budget. So for example, the user was supposed to be able to see 

how much was spent on each budget in the time period from the 1st to the 10th of 

March. This date range should be picked in a graphical calendar where both the start 

date and the end date were picked at the same time. No such component is available 

(at the time of development) and was therefore excluded. Consequently, this 

functionality had to be removed from the native application as well so the 

applications still would look the same. 

The second functionality that had to be removed from the original application 

was a feature on the Import/Export page (functional requirement IE4). When the 

user exports a file, he/she should be able to choose which file format to export to. It 

was not possible to export a file to zip format, and therefore it had to be removed.  

5.2 High level architecture 

From the analysis and the functional requirements of Budget Watch, a high 

level architecture view of the Ionic 2 app can be created and is shown in Figure 16: 

High level architecture of Budget Watch implemented in Ionic 2. 
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Figure 16: High level architecture of Budget Watch implemented in Ionic 2 

 

In the Web App container, all the HTML, CSS and JavaScript code (built with 

Angular 2) is located. The WebView renders that code together with calls to 

Cordova plugins to access native functionality of the device. The WebView then 

communicate it to the operating system of the device and show it to the user. 

 

5.3 Best practice 

Developing a mobile application, or any application actually, is a complex task 

and can be done in several ways. The performance of the same application 

developed by two different developers or developer teams can differ dramatically 

depending on how each team decides to implement the logic of that application. To 

be able to make a fair evaluation of what the Ionic 2 framework is capable of, I have 
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sought to use some best practice when developing the application. These are also 

good for avoiding pitfalls that is easy to fall in if you are used to web development 

for desktop with much more memory to use. Below are the best practice patterns 

that is used when implementing the Budget Watch application. 

5.3.1 Avoiding delay on click events 

On touch devices such as tablets and phones, some browsers implement a 

300ms-350ms delay on click events. The reason is that the user should be able to 

double tap to zoom. Without this delay the click event triggers the first time the user 

tap the screen and also the second time. But with this click delay, the device can 

differ a single click from a double click by listen for a second click within these 

300-350ms. This amount of time could sound short, but when using an application, 

the delay is surprisingly noticeable. To get the native "app-feeling" you want to 

avoid the delay. In the Ionic documentation, they recommend using elements that 

normally is clickable, <button> and <a>, when adding the (click) function. On these 

elements, the click delay is removed. But in some cases the click function need to 

be added to element that is not clickable as default. To remove the delay here, the 

attribute "tappable" should be added to the HTML element. Example is  displayed in 

Code 6 [47]. 

 

Code 6: How to avoid click delays on non-clickable elements 

 

<div tappable (click)="doClick()">I am clickable!</div> 

  

5.3.2 Minimizing DOM structure 

When developing for desktop, the amount of memory is much higher compared 

to mobile devices. Therefore there is no need to worry that one will reach the 

maximum number of child elements when building the HTML structure. But with 

limited memory allocation for the WebView this could actually be a problem 

(performance wise) and should be taken into consideration. So while developing, 

the number of child nodes should be minimized or removed if possible. Example of 

how a child node can be removed is shown in Code 7 and Code 8 [48]. 
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Code 7: Before child minimizing 

 

<ul> 

  <li> 

    <a onclick="doSomething();">Stuff</a> 

  </li> 

</ul> 

  

Code 8: After child minimizing 

 

<ul> 

  <li onclick="doSomething();"> 

    Stuff 

  </li> 

</ul> 

  

5.5 Brief summary 

During the implementation, some features could not be implemented due to 

lack of support from Ionic. This chapter describes these features and why they could 

not be implemented. This is followed by a high-level architecture of the application 

where the connection between the different frameworks and the device is described. 

Finally some best practice of how to optimize the application is described together 

with some examples. 
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Chapter 6 System Implementation 

In this chapter the implementation of Budget Watch is presented. First a flow 

chart of the application is presented followed by a high-level class diagrams 

describing classes and components that are used. Thereafter each component is 

described in more detail. In some cases, code examples are provided, but there is no 

room for all code in this report. For a detailed look at each class, see the git 

repository14 

6.1 Key program flow charts and class diagram 

 

Figure 17: Flow chart of Budget Watch 

 

Figure Figure 17: Flow chart of Budget Watch shows the flow chart of Budget 

Watch. The rectangular boxes symbolize the different pages the user can enter. The 

diamond shaped boxes mean that the user has a choice to do different things, or that 

the application does different things depending on earlier choices made by the user. 

                                                 
14 https://gitlab.ida.liu.se/tobkr329/budgetWatch.git  
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It can for example be that the user chooses to view a transaction from the 

transaction page, instead of adding a new transaction. The cylinder-shaped boxes 

represent calls to the SQLite database. It can be either a request to receive data from 

the database, or to insert or update data in the database. When text is put in curly 

brackets ({}), it means that data is flowing from one page to another. This is to 

minimize the number of database calls and is something that Ionic provides a good 

mechanism for with its NavController. 

 

 

Figure 18: Class diagram for Budget Watch 
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In Figure 18: Class diagram for Budget Watch the class diagram is presented. 

The class name is written in the header of each class, followed by variables and 

their corresponding type for the class as well as available methods and its return 

type. Some page components have the "ngOnIntit method" which is an interface 

provided by Ionic which is a method that runs at initialization of the component. 

Worth noticing is that most of the methods on the different pages have void as 

return type (i.e. it returns no value), even if it is a "get" method. The reason is that 

these methods are in the page component and as described in the theory chapter, 

methods in a component should not do any heavy calculation or calls to the database. 

Instead the service classes do all those tasks and consequently they also return the 

data. An example is displayed in Code 9 and Code 10. 

 

Code 9: Get method from the BudgetPage component 

 

getAllBudgets() { 

 

    this.budgetsProvider.getAllBudgets().then(data => { 

         

        this.budgets = data; 

 

    }, (err) => { 

        console.log("Unable to execute sql: ", err); 

    }); 

} 
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Code 10: Get method from budgets service 

 

getAllBudgets(): Promise<any> { 

 

    return this.db.openDatabase({ 

      name: "data.db", 

      location: "default" 

    }).then(() => { 

 

      return this.db.executeSql('SELECT rowid, type, value FROM 

budgets', {}).then(data => { 

        let len = data.rows.length; 

        let itemStorage = new Array(len); 

 

        for (let i = 0; i < len; i++) { 

          itemStorage[i] = data.rows.item(i); 

        } 

        return itemStorage 

      }) 

    }); 

  } 

 

 

 

So what actually happens in a component's get method (Code 9) is that it makes 

a call to a service (Code 10) which get the data and processing it to the correct 

format and then returns a promise with the requested data. The correct variable is 

then assigned with this data in the component method and the component can use it 

for the intended purpose. 

As shown in Figure 16: High level architecture of Budget Watch implemented 

in Ionic 2 on page 47 where the high-level architecture is illustrated there are four 

main containers. It is in the Web App container, all the HTML, CSS and JavaScript 

code (built with Angular 2) is located. When building an application in Ionic 2, you 

use the concept of Angular 2’s component. Each page is a component and each 

component can consist of several child components. As illustrated in Figure 8: Flow 

diagram between pages in Budget Watch, Budget Watch consists of 6 main pages, 

and therefore are 6 components. To make each page look as native as possible, Ionic 

2 provides a set of components that was used as child components to each page. 

Below is a list of all components used to replicate Budget Watch. First is a list of 

components provided by Ionic. Each of them needs custom modification to look as 

it does in Budget Watch, but the functionality is provided by Ionic. Secondly is a 
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list of custom components that were created from scratch since Ionic do not have all 

components needed for Budget Watch. 

6.2 Ionic 2 components 

• Header – For the header of each page, the component ion-header is 

used together with an ion-navbar. It gives the native appearance of a 

header that you can find in most pages in a mobile application. The 

ion-navbar component also comes with a back button when 

navigating between pages. 

• Page content – For the main content of a page the ion-content 

component is used. It provides for example methods that handle 

scrolling if the page is full. 

• List – For displaying lists (for example list of budgets or list of 

transactions) the ion-list component is used. Together with the list, 

Ionic provide an item component to create natively feeling lists.  

• Tabs – For the transaction page of Budget Watch there are two tabs, 

one for expenses and one for revenues. Ionic provides ion-segment 

for these tabs, which is a good ground to start from even though it 

requires some modifications. 

6.3 Custom made components 

• Progress bar – To display how much money is spent on each budget, a 

progress bar was created. It includes a method for calculating the 

progress of how much money is spent for the current budget, and 

displaying it, both in numbers and as a progress bar. The same 

component was also used for displaying the total amount spent for all 

budgets in the footer of the page. The code for the template of the 

component is displayed in Code 11. Figure 19 and Figure 20 shows the 

graphical representation of the component from the original app and 

from the Ionic app to show how similar it is possible to make them. 
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Code 11: Template for progress bar 

 

<h1 class="header">{{data.type}}</h1> 

<div class="barDiv"> 

  <div class="innerBarDiv"> 

 

    <div class="progress-bar"> 

      <span [style.width]="workoutProgress"></span> 

    </div> 

    <p class="barNumber"> 

      {{spent}}/{{data.value}} 

    </p> 

 

  </div> 

</div> 

  

 

 

Figure 19: Progress bar in original Android application 

 

Figure 20: Progress bar in Ionic application 

 

• Transaction item – In the list of transactions, the structure of each item 

is not a standard structure and it is repeated on several pages. So instead 

of repeating the code for each page, a new component has been created. 

The component is reused on both the page listing expenses and the page 

listing revenues. The code for the template of the component is 

displayed in Code 12. Figure 21: Transaction item in original Android 
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application and Figure 22: : Transaction item in Ionic application shows 

the graphical representations of the component from the original app 

and from the Ionic app to show how similar it is possible to make them. 

 

Code 12: Template for transaction item 

 

<ion-row class="upperRow"> 

    <p class="titleField">{{data.name}} </p> 

    <p class="valueField">{{data.value}}</p> 

</ion-row> 

 

<ion-row class="bottomRow"> 

 

  <div class="bottomleft"> 

    <img *ngIf="hasReceipt" class="receiptIcon" 

src="../../assets/icon/purchase_order.png"> 

    <p class="budgetField">{{data.budget}}</p> 

  </div> 

 

 

    <p class="dateField">{{data.date | date:'MMM d, y'}}</p> 

</ion-row> 

 

 

 

Figure 21: Transaction item in original Android application 

 

 

Figure 22: : Transaction item in Ionic application 
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• Popover – A popover is available from the Ionic component library, but 

you have to implement your own logic and appearance to it. The 

popover is used in several places such as when adding a transaction, or 

when clicking on some of the toolbar buttons. 

 

<ion-list no-lines class="list"> 

  <button *ngFor="let item of listItems" ion-item 

(click)="close(item.type)">{{item.type}}</button> 

</ion-list> 

  

 

 

Figure 23: Popover in original Android application 

 

Figure 24: Popover in Ionic application 

6.4 Cordova Plugins 

To access functionality that is not normally accessible in a browser, Ionic use 

plugins from Cordova. These are illustrated in the "Cordova Plugins" container in 

the high-level architecture figure on page 37. Below are the plugins needed for 

Budget Watch to work properly. Some of them were manually added and some of 

them were added automatically by Ionic. 



 Thesis for Master’s Degree at HIT and LiU 

58 

6.4.1 Manually added 

Storage. SQLite 

To store data about budgets and transactions, SQLite is used. This is a native 

plugin provided by Cordova through Ionic and is a self-contained, serverless, 

zeroconfiguration and transactional SQL database engine15. It uses normal SQL 

syntax and for this app the following queries were used to create the needed tables. 

 

Code 13: Database setup 

 

CREATE TABLE IF NOT EXISTS 

budgets( 

    type TEXT, 

    value INTEGER 

) 

 

CREATE TABLE IF NOT EXISTS transactions( 

    name TEXT, 

    type TEXT, 

    account TEXT, 

    budget TEXT, 

    value REAL, 

    note TEXT, 

    date TEXT, 

    receipt BLOB 

) 

 

 

Camera 

The application uses the camera to capture a receipt for each transaction. As 

well as with SQLite, this is a native functionality and consequently requires a 

camera plugin. The image is saved in the cache folder on the device's internal 

storage and an URI is returned from the getPicture function with the path to the 

taken image. When the image is taken and saved, it is moved from the cache folder 

to the application folder with the help of the file plugin described below.  

In the code bellow there is a demonstration of the method that is called when 

capturing a photo. Four parameters are passed into the function. The first one, 

"destinationType" is to set the format of the picture that is being returned. In this 

case NATIVE_URL is used but another alternative can be DATA_URL, which 

means that the photo is returned as a base64 string. This alternative was first 

                                                 
15 https://www.sqlite.org/about.html 
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considered, because then it is possible to store the image in the database. But since 

the photos are quite large (up to 4Mb for Nexus 5X) it made the application 

significantly slower when loading an image. The quality parameter sets the quality 

of the image. This is something the user has the possibility to do on the set tings 

page from the start page. The two last parameters disable the user to edit the photo 

and sets the encoding type to PNG. 

 

Code 14: Method for capturing photo with Cordova Camera Plugin 

   

capturePhoto() { 

 

    this.storage.ready().then(() => { 

 

      this.storage.get('cameraQuality').then((cameraQuality) => { 

 

        Camera.getPicture({ 

          destinationType: Camera.DestinationType.NATIVE_URI, 

          quality: cameraQuality, 

          allowEdit: false, 

          encodingType: Camera.EncodingType.JPEG 

        }).then((imageData) => { 

 

          ... code for saving the image to local storage ... 

 

        }, (err) => { 

        }); 

      }) 

    }); 

  } 

  

File 

To be able to import and export the data to a file, another native plugin is 

needed, namely the file-plugin. This plugin is used on the Import/Export page to 

import and export all transactions from the application. It is also used when the 

receipt for a transaction is saved. In Code 15 an example of how to write data to a 

file is presented. The example shows code from the application when the user 

exports all transactions to a file on local storage. 
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Code 15: Method for creating and save transactions to file with Cordova File plugin 

 

this.file.createFile(this.filePath, this.fileName, true) 

    .then(res => { 

        this.file.writeExistingFile(this.filePath, this.fileName, 

this.fileContent) 

          .then(res => console.log("Write to file successful", res)) 

          .catch(err => console.log("Write to file unsuccessful", 

err)); 

     }) 

      .catch(err => console.log("error efter createFile", err)); 

 

 

6.4.2 Automatically added 

A number of plugins are automatically added to the project when creating it. 

These are added to ease the development of the application, and some are added 

because they are required to make it work. 

 

• Compat - This plugin is used for backward compatibility with earlier 

versions of Cordova. 

• Console - The console plugin is used to make the method 

console.log() as useful as possible. It adds support for logging 

errors, warnings, info among others.  

• Device - With this plugin a device object is created. It is used to get 

information about the device's hardware and software. 

• Splashscreen - This plugin is used for creating a splash screen at the 

startup of the application. 

• Whitelist - The whitelist plugin is used for controlling which URLs the 

WebView are allowed to navigate to. 

6.5 Modules 

In section 2.6.1 Modules, modules in Angular 2 are described. Budget Watch 

has two modules in total. One root module, which is required for all applications, 

and one date picker module. The root module (called app.module.ts) imports all 

page components and services for the application. It also imports the the date picker 

module. 
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The date picker module is a open source module and is available via the 

package manager npm with the command "npm i datepicker-ionic2 --save". 

In this project though, it was downloaded and added manually from GitHub16 

because it needed major changes in the CSS and HTML files. The date picker is 

used when the user is choosing a date for a transaction. Ionic provides a date picker 

in their library, but only in the form of a scroll wheel, and in Budget Watch dates 

are picked in a graphical calendar. 

6.6 Services 

As described in section 2.6.7 Services, services are fundamental building 

blocks for an Angular 2 application. To make Budget Watch, three services has 

been created. Two of them are called budgetService and 

transactionService. They provide the components with data from the SQLite 

database concerning budgets and transactions respectively. The third service is 

called csvService and converts arrays to csv formated string and a csv formated 

string to json object. Below is a list of methods each service provides.  

 

Code 16: Methods provided by budgetService 

 

getAllBudgets() 

getAllBudgetData() 

addBudget(values) 

updateBudget(values) 

removeBudget(id) 

getTotalSpentOnBudget(budget) 

getTotalSpent() 

getTotalValueOfBudgets() 

getTopBudgetName() 

 

 

Code 17: Methods provided by transactionService 

getAllTransactions(type) 

getBudgetTransactions(type, budget) 

addTransaction(values) 

updateTransaction(values) 

removeTransaction(id)  

                                                 
16 https://github.com/misha130/datepicker-ionic2 
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Code 18: Methods provided by csvService 

 

arrayToCsv(arr) 

csvToJson(csv) 

  

6.7 Styling 

A lot of time during development were spent on styling the application to look 

as similar as possible to the original Budget Watch. In Ionic 2, SASS is used as a 

framework for styling the pages. SASS is a scripting language that is interpreted 

into normal CSS. With SASS you get functionality that is not available in CSS itself. 

It provides variables, loops and nesting among others. In Ionic 2, each page has its 

own SASS file which is an easy way to separate each page styling attributes. The 

most used feature in the implementation of Budget Watch is variables. For example 

main colors in the application is set in the global SASS file and can be used in any 

of the page specific SASS files. 

 

Code 19: Color variables to be able to use the same colors in the whole application in 

an easy way 

 

$colors: ( 

  primary:    #3F51B5, 

  primaryDark: #303F9F, 

  accent: #FF4081, 

  white: #FFFFFF, 

  grey: #4b4b4b, 

); 

  

 

6.8 Brief summary 

This chapter describes all implementation made for Budget Watch. Firstly, a 

flow chart and a class diagram describing the application is presented. After that 

follows a list of components that is used and created to make the application 

identical to the native version. This is followed by a list of plugins and modules 

used, as well as how the styling of the application has been made. 
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Chapter 7 Result 

The main research question of this study is to see if Ionic 2 can serve as a 

replacement for developing native applications. The answer to this has been 

achieved throughout performance tests and user tests. In this chapter, all results 

from these tests are presented. It displays how well Ionic 2 competes to native 

development regarding performance in section 7.1 Performance tests and user 

experience in section 7.2 User tests. At the end of this chapter a summary with all 

results are displayed in tables for an easy overview and a comparison between the 

result's from Danielsson's study presented in section 2.8 React Native is made. 

7.1 Performance tests 

Question 1.a presented in chapter 1.2.3 Research  regarding to which extent 

an Ionic 2 application differ from a native developed application had two areas to 

examine. One was user experience and one was performance. Below, the result  from 

all performance test are presented. As presented in section 3.3.1 Performance, the 

parameters that were measured was battery consumption, memory usage and CPU 

usage. The tests were performed five times for each application and in total three 

tests were performed, each one with a specific focus. The first focused on the 

startup of the application and its performance during an idle state. The second case 

focused on navigation and SQLite calls when a budget was added, edited and 

deleted. And in the third and last case, two transactions were created which once 

again involved calls to the SQLite database but also access to the camera and the 

device's internal storage. 

7.1.1 Startup and idle test 

Below is the result from when the two applications were started and run idle 

for 30 seconds. The first figure (Figure 25) displays the battery consumption during 

this test. It is quite obvious that the Ionic application drains more battery during 

startup with its peak between 5 and 15 seconds. The native application has a steady 

consumption, with a peak of 521 mW and an average of 504 mW. The peak of the 

Ionic version is 614 mW and an average of 520 mW. This gives us a peak difference 

of 18% and an average difference of 3%. In the plot, we can see that when the 
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application is done with its startup process and is idle, they both have the same 

power consumption. 

 

 

Figure 25: Battery consumption during startup 

 

The second parameter, memory usage, also has some differences between the 

two applications. As seen in Figure 26 the native version gets steady really quick 

whilst the Ionic application takes about 7-8 seconds before it gets steady. After both 

applications has become steady we can see that Ionic use about 1820 Mb and native 

use about 1720 Mb. The average usage for Ionic is 1802 Mb and for native it is 

1717 Mb, which is a difference of 4.9%. The peak was 1825 Mb for Ionic and 1721 

Mb for native version. That is a difference of 6.0%. 
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Figure 26: Memory usage during startup 

 

The last parameter was CPU usage and as well as for battery consumption, we 

can see in Figure 27 that the CPU usage is significantly higher during the startup 

phase for the Ionic application. After the startup phase it goes to the same level as 

the native app and is steady there for the rest of the time. The CPU usage is 

measured in how many percent of the total capacity of the CPU is used. The peak 

usage for Ionic was 42.2% and had an average of 12.8%. The native application had 

a peak of 31.2% and an average of 9.7%. That leaves us with a difference of 35% 

when it comes to peak usage and 32% in average usage. 
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Figure 27: CPU usage during startup 

 

7.1.2 Navigation and database test 

In the first case where user interaction was a part of the test (described in 3.4.2 

Second test – Navigation and database), navigation and calls to the SQLite database 

were evaluated. Figure 28 shows the battery consumption during this test. Just like 

the first test case, there is a peak at the beginning when the startup of the application 

takes place for the Ionic version while the native version has a quite steady 

consumption, and also keeps it during the whole test. After the startup, the Ionic 

application goes down to the same level as native, and rises again around 20 

seconds and around 40 seconds. The reason for the increase in battery consumption 

is that a budget is created and edited, which means that calls to the database and 

navigation between pages is done by the user. When it goes down to the same level 

as for native (for example between second 30-40), the user is waiting for next 

checkpoint in the test. The average consumption for the Ionic application was 515 

mW with a peak of 607 mW. For the native application the average was 498 mW 

and had a peak at 530 mW. That gives us a difference of 3.4% in average and 14.5% 

in peak. 
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Figure 28: Battery consumption when testing navigation and database calls  

 

When it comes to memory consumption, which is presented in Figure 29, we 

can see a difference between the two application just like in the first test case. The 

Ionic application is constantly higher and has an average of 1.80 Mb whilst the 

native application has an average of 1.71 Mb. That leaves us with a difference of 

5%. The highest value Ionic gets up to was 1821 Mb and the native version gets up 

to 1714 Mb. That is a difference of 6.2%. 
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Figure 29: Memory usage when testing navigation and database calls 

 

In Figure 30, which is somewhat more difficult to read than previous figures, 

shows that even here, the Ionic app use more of the hardware components. At 

startup, the usage is significantly higher and during some periods of the test (for 

example between second 15-25) the CPU usage bumps up distinctly. The average 

CPU usage for the Ionic app is 14.3% and for native it is 10.0%. The difference is 

therefore 43%. The peak for Ionic was 48.8% and 38.2% for native. That is a 

difference of 28% 
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Figure 30: CPU usage when testing navigation and database calls 

7.1.3 Camera and write to file test 

During the third and last test, the user added expenses and revenues together 

with a captured receipt. So the focus was to test the camera and write the captured 

image file to internal storage (described in detail in section 3.4.3 Third test – 

Camera and write to file). Once again, the startup phase is included in the test and 

we can clearly see in Figure 31 that the Ionic application consumes more battery in 

the beginning. But unlike test case 2, the rest does not differ so much between the 

applications. There are two clear peaks at 35 seconds and 85 seconds which is when 

the camera is started, and that happens for both applications. The average is still a 

little bit higher for the Ionic application with a consumption of 532 mW. The native 

version had an average of 518 mW. The peak if the two applications are almost the 

same: Ionic 648 mW and native 654 mW. This is an average difference of just 2.7% 

and a peak difference of less than 1%. Worth noticing is that the native application 

has the highest peak, even though Ionic has almost the same. 
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Figure 31: Battery consumption when testing and write to file 

 

Figure 32 displays the memory consumption during the third test. For the 

native application, the memory usage is steady in the beginning on approximately 

1630 Mb until the camera is opened around second 35. By then the usage goes up to 

almost 1800 Mb during the time the camera is open, and then goes down to a steady 

consumption of 1675 Mb. It goes down when the user is navigating and filling in all 

input for adding a transaction. When the camera is opened again at 85 seconds the 

memory usage goes up again but not as high as the first time. The same pattern goes 

for the Ionic application but it has constantly a higher usage than the native version 

and especially during the first 40 seconds. The average memory usage for the Ionic 

application was 1725 Mb and had a peak of 1813 Mb. The native version ha an 

average of 1660 Mb and a peak of 1796 Mb. The difference in average memory 

usage is 3.9% and for the peak value it is 0.9%. 
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Figure 32: Memory usage when testing camera and write to file 

 

The pattern is repeated even for the CPU usage. Around 35 and 85 seconds 

when the camera is started, the CPU usage is much higher compared to when the 

user is filling in input for transactions or compared to the other tests. The total 

average for Ionic was 20.7% with a peak of 77% and for native it was 16.7% and 

75% respectively. 
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Figure 33: CPU usage when testing camera and write to file 

7.2 User tests 

Subquestion 1.a in section 1.2.3 Research  is about to find out to which extent 

an Ionic 2 application differ from a natively developed application for Android. 

Both when it comes to appearance and performance. To do so, user tests were 

conducted and will be presented in this section. Each user performed predefined 

tasks with both the native version and Ionic 2 version and focused on appearance 

and performance. A detailed description of how the user tests went on can be found 

in section 3.3.2 User Experience. After the user had tried both applications and 

performed all tasks, he/she was finally asked some questions about the experience 

of the applications. The first question was stated as follows: 

 

1. Did you notice any difference between the two applications in terms of 

performance? 

 

Different users focused of course on different things in the app, but some 

properties regarding performance was noticed by several users. 55% of the users 

thought that the native version had a better flow when it comes to navigation and 
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click response, and only 5% thought that the Ionic version had better flow. 35% 

noticed that it was more and better animations in the native application and 25% 

thought that the datepicker in the Ionic version was slow and laggy. In Table 2 all 

differences are listed. 

 

Table 2: List of all performance differences noticed by the users 

 

 

2. Did you notice any difference between the two applications in terms of 

appearance? 

 

When it comes to differences in appearance between the two applications, the 

users noticed a lot of differences. Some of them really small and some major. 

Bellow in Table 3 are all differences the users noticed regarding appearance. 
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Table 3: List of all appearence differences noticed by the users 

 

 

3. If yes on either question 1 or 2: Would one of these differences make you not 

want to use one of the applications? 

 

For this question, the users were told to lift their evaluation one level and think 

about apps in general. Not necessarily if the differences would make them not use 

Budget Watch, but instead if it would affect their will to use any application that is 

in one or the other way. Several of the differences found by the users were minor 

and would not affect their choice of application. Though, there are some differences 

that some users find not acceptable to have in an application that they use on a 

regular basis. In Figure 34 a bar chart shows how many test users that disliked one 

or several differences so much that they do not want to use one of the apps, and also 

how many that did not care about the differences. In Table 4, those differences that 

the users could not tolerate are listed. 
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Figure 34: Answers if the differences would make the users not want to use the 

application 

 

 

Table 4: Performance and appearance differences that is not tolerated by the users  

 

 

4. Can you tell which application that is native developed? 

 

After the three first questions the test persons got to know why this test was 

performed on them, and that one of the applications were natively developed and 

one was developed in Ionic 2. Thereafter they were asked if they could tell which 
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application that was natively developed. Two users thought they knew which app 

was native but was wrong, and nine was right. The bar chart in Figure 35 displays 

the answers of question 4. 

 

 

Figure 35: How many users that could tell which application that was natively 

developed 

 

5. Connected to question 4: How certain are you? (Certain, pretty certain, not 

certain) 

 

For those users that answered yes on question 4, and could tell which app was 

native, got a follow up question, asking how certain they were. The users that 

answered yes on previous question and was wrong is excluded from this chart. 

Worth noticing though is that the two persons that was wrong thought they were 

certain and pretty certain on which app was native. 
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Figure 36: The certainty of the answers on question 4 

 

7.2.1 Observation 

As described in Chapter 3 Method, every user was observed during the user 

tests with focus on click response and navigation in the application. 9 out of 20 had 

obvious problems with the navigation in the Ionic 2 app. The biggest problem was 

to hit the back button when the user wanted to navigate back to previous page. 6 of 

the users noticed the problem themselves, and the rest did not notice it at all. It is 

normal that you miss a button from time to time, but for these tests, it happened 

more regularly than normal, and especially much more often than in the native 

version. This problem was not noticed at all on the native version. 

7.3 Summary 

All results from the performance tests and user tests are presented in section 

7.1 Performance tests and 7.2 User tests. To get a better overview and easy 

comparing, all results are summarized in tables. First the performance differences 

between the apps are presented. This is followed by the differences in design that 

the user experienced most critical and if Ionic have support to minimize or even 
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remove those differences. Lastly a comparison with React Native is made based on 

the result from Danielsson's study mentioned in section 2.8 React Native. 

7.3.1 Performance smmary 

To get a better overview this section summarizes the performance results in 

Table 5. The average consumption/usage as well as the highest value is presented 

for each parameter and for each test case. 

 

Table 5: Summary of all performance tests 

 

7.3.2 User test summary 

During the user tests, some differences in appearance were noticed by the users. 

Some of the differences were just something that did not matter for the user if it was 

in one or the other way. But some of the differences were crucial for the user to 

want to continue using the app. Below is a list of differences and if those 

differences are possible to remove with the support Ionic has today. In a case where 

the difference was in advantage for the Ionic version, no support check for Android 

was done.  
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Table 6: Performance and appearance differences that is not tolerated by the users 

and if Ionic support a solution for these problems 

 

7.3.3 Ionic 2 vs. React Native summary 

The second subquestion 1.b in section 1.2.3 Research  is about how well Ionic 

2 perform compared to React Native. In Table 7 the result from Danielsson's study 

(presented in section 2.8 React Native) together with the result from this study is 

presented. The numbers that are in each cell of the table correspond to the 

difference between the native application and the cross-platform application. So for 

example, the average battery consumption of the Ionic application for the idle test is 

3% higher than for the native application. In the case when there is a negative 

number, it means that the cross-platform application performed better than the 
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native equivalent. No data about peak values for React Native were available so 

therefore it will not be evaluated. 

 

Table 7: Summary of performance result for Ionic 2 and React Native 

 

 

We can see that in eight out of nine cases React Native has a better value 

(lower consumption or usage) than Ionic 2. But, important to notice is that except 

from CPU usage, it is a minor difference with just a few percent. When it comes to 

the user tests, the users for both React Native and Ionic 2 got the question if they 

could tell which app was which. 72% could tell which one was React Native 

compared to 45% who could tell which one was Ionic 2. 
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Chapter 8 Discussion 

In this chapter, the result presented in Chapter 7 Result is discussed and the 

reasons for the data is explained. Furthermore, the method used during this study is 

discussed and choices that have been made are motivated to see if improvements 

can be done for further research. Finally, the development process is discussed and 

what advantages and disadvantages Ionic 2 has from a developer’s point of view. 

8.1 Performance test 

The result from the performance tests described in section 7.1 Performance 

tests and summarized in Table 5, shows that the application developed in Ionic 2 is 

not as good as native in any test case, except from the third test where the peak in 

battery consumption were slightly higher for the native application. This is not very 

surprising since you cannot expect the performance to be better on an application 

that is compatible with several platforms. The reason for the Ionic 2 version to not 

perform as well as the native version is quite obvious. An extra layer is added when 

the application runs in a WebView (described in section 2.7 Apache Cordova), and 

has to call on native functionality through an interface of JavaScript methods. The 

differences are quite low though for most parameters when it comes to average 

consumption/usage, which is something that of course is an advantage for Ionic. It 

is only for CPU usage as the difference is significantly higher. Taking into account 

the peak difference, the numbers are a bit higher for Ionic (as much as 35% during 

the idle test on the CPU). But to have a difference is acceptable as long as the users 

wont notice it, but it can not be too big. The exact difference for all tests can be seen 

in Table 7 in section 7.3 Summary. 

As described in section 1.3 The status of related research, Ciman and Gaggi 

concluded that a cross platform application consumes 60% more power than a 

native application. This was back in 2014, and as we can see both in the results from 

Danielsson’s study and this study, cross platform frameworks has evolved and the 

difference is now down to approximately 3%. This is clear evidence that cross 

platform development is a technique that is evolving in the right direction, and now 

is a much more sustainable solution when looking at the performance parameters.  
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Many mobile applications today require network connection to communicate 

with a backend server to serve the applciation with data, which would make it 

suitable to test with such an application here too. But since this study focused on 

evaluating the look and feel of the application together with the performance of 

available native functionality it was more suitable to use an offline application. 

Since Budget Watch is an offline application, external interference could be 

eliminated, at least to a higher extent compared to if network connection was 

required. That led to tests that was conducted in an isolated environment, which 

made the tests really measure the parameters that was intended. If the look and feel 

and these native functionalities were tested with an online application, the risk for 

interference from the network increases and could differ from test case to test case. 

The tests were also only tested on one type of phone, Nexus 5X, which was 

released only 1.5 years ago at the time of this study. It would be interesting to see 

how the Ionic application acts on a device that is a few years old and do not have 

the latest operating system installed. 

8.1.1 Startup time 

One thing that has not been brought up much in this report is the startup time. 

As described in Chapter 3 Method, the users got a phone with the application 

already opened. The reason was that the startup time for the Ionic 2 application was 

between 5-7 seconds compared to close to zero seconds for the native application. If 

the users would have started the application themselves, they would probably notice 

the long startup time and then know which application that was cross platform. With 

that knowledge, the user might not have given a fair evaluation, and therefore the 

decision of giving an already open app was made. But this is something that can not 

be ignored when doing the evaluation. If you use an application daily it is not 

acceptable to wait up to 7 seconds for the application to start. This is a known 

problem and it is discussed in several forums by the community. A suggested 

solution where you change to another WebView then the default was tested but 

without any success. 

During the process of this thesis work Ionic 3 was released. Since the 

development and the performance tests had started, this change has not been taken 
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into consideration. But with the introduction of lazy loading17 where only parts of 

the app are loaded when the app is started, the startup time is reduced (according to 

Ionic themselves). This has not been tested but looks promising since the long 

startup time is something that is unacceptable if Ionic should compete with native 

development or other frameworks. 

8.2 User tests 

Even though you cannot expect the performance of a cross platform application 

to be better than native (or even as good as native), it is possible that the differences 

are so small that the user won't notice any difference. From the result of 

performance tests, we saw that both in battery consumption and memory 

consumption Ionic 2 was almost as good as native. The user tests gave a big variety 

of answers. 60% could not tell any difference between the two applications that 

really matter for them. For example that the popup dialog appeared on different 

places when editing a budget was a difference that was noted but the opinion of 

which was the best was neutral. On the other hand, 40% had big concerns with 

navigation, click response and the absence of autocorrect and swipe between tabs in 

the Ionic application which was vital for them to want to continue use the 

application. The reason for this experience can be many. Obviously there are 

differences when it comes to this parameter, but other parameters might have 

affected the result as well. The order of which application that was tested first might 

affect how the user felt about the app. Two thirds of the users that had no problem 

with navigation or click response started with the Ionic version and finished with 

the native version, and 62% that had these problems started with the native app. 

This could influence their answers, because when you go from a good app to 

"worse" app, you are more inclined to notice differences. 

Some differences the users noticed, that was neutral or "a nice feature but 

nothing crucial" in the native application was investigated to see if Ionic support 

those features. Most features are technically possible to implement in the 

application but if Ionic does not provide a component or have support as default you 

have to do it manually. To be able to implement more advanced components you 

need to have deeper knowledge about Angular 2 and Ionic 2, which makes it more 

difficult. And even if you have managed to implement a component, it is not certain 

                                                 
17 http://blog.ionic.io/ionic-3-0-has-arrived/ 
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that it will work flawless. A clear example is the date picker component that was 

imported from a third-party library. The datepicker looked a lot like the native date 

picker but several users noticed a difference in performance. It was especially slow 

when clicking cancel or submit. This shows that even if you can implement a 

component, it does not necessarily work as intended. 

8.3 Method 

In section Chapter 6 System Implementation the implementation is described 

with code snippets and how some components had to be implemented by myself, 

some imported from third party libraries and some were available from the library 

of Ionic 2. That information together with the two git repositories should be enough 

to be able to replicate this study to be able to validate the results. 

When this study begun, Ionic 2 had just gone from beta to final release (the 

same month). Even though the beta was over, updates were coming continuously 

during the implementation process. It even went so far that the Ionic team decided 

to release Ionic 3 (as a consequence of Angular's upgrade from Angular 2 to 

Angular 4). Since Ionic is an open source framework and (obviously) get updates 

continuously the app version made for this study might get outdated. Some features 

may be added and some functions could be deprecated. That makes bugs and lack of 

feature support (such as sliding between tabs) something that might be fixed in the 

future. Because of this, the result could differ even if this app version is tested in the 

future.  

Another evidence that Ionic is a new framework is that all functionality in 

Budget Watch was not possible to implement. As written in section 5.1 Limitations 

two main functionalities were not possible to implement within a reasonable amount 

of time. One of them was the datepicker that should pick a start date and an end date, 

and the second was the possibility to export files as a zip file. Disregard the fact that 

Ionic does not support these features, it did not affect the results of the performance 

and user tests. The exportation to file was not a part of any of the three test cases 

because it was about writing to file, which was already tested in the third test case, 

when saving a picture taken with the camera. When it comes to the date picker it 

would just be one more place where the user could a pick date, which was already 

available when adding a transaction. Of course this is a bad thing for the overall 
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Ionic evaluation when they lack support of some features, but it did not affect the  

other tests.  

Regarding the user tests, experienced users that work with development of 

mobile applications, web systems and IT systems were chosen. Even though this is 

not the generic user of a mobile application this was a good choice to get the most 

out of the evaluation as possible. It is easier for experienced users to see differences 

and point out the difference. Without this experience, the user might notice a 

difference, but cannot point out what it actually is. Several users noticed small 

things that a "normal" user probably would not. The goal for this study was to 

compare a native application to an Ionic 2 application to see what differs between 

them. From the results of this study, others can use it to decide if these differences 

are important for their application or not. So it rather serves as a foundation for 

deciding if cross platform development is a good alternative to native development 

than an answer of which one is best. 

8.3.1 iOS 

The whole purpose of Ionic 2 and cross platform frameworks in general is that 

it can deploy an application to several platforms with just one code base. The ability 

to deploy to iOS is something that has not been evaluated or examined at all in this 

thesis. There are several reasons for just evaluating Android. The main reason is 

that it would be too time consuming to replicate one application for Android and 

another one for iOS. To find a native application that exists for both Android and 

iOS and look the same would be hard or even impossible since they both must be 

open source. And develop two applications from scratch would lead to a lot of time 

spending on other things than the evaluation of Ionic. So instead a bigger focus have 

been put on the Android platform and a more comprehensive Android evaluation 

has been made. It would be possible to deploy Budget Watch for iOS with the code 

developed for this study, but then no comparison can be made since there is no 

equivalent native app. 

8.3.2 Literature 

As mentioned in the beginning of this report, there is a lack of scientific 

literature, especially on the theory part about Cordova, Angular and Ionic. Since all 

these frameworks are open source and are supported a lot from the community who 
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use it, there are continuous upgrades all the time. Therefore the official  

documentation and in some cases blogs has been the source of information. In 

consideration of Ionic 2 and Angular 2, there has not been much, or any research 

since they are so new. When it comes to the implementation part and the theory 

about these frameworks, this has not been a disadvantage. Instead everything has 

been up to date with the latest features and answers to questions that comes up 

during development. The reliability of a blog post can of course be questioned, and 

should be. But those times when blog posts have been used as reference, it has come 

from the official blog of Ionic or Angular where they present new releases or new 

features.  

As for the evaluation of user experience, there has been significantly more 

studies and there are a lot of literature available. Although a lot of literature was 

available, most of it focused on usability and how to evaluate it. But since the 

design of the application was decided from the start, this was not applicable. Instead 

the literature was used to get knowledge about what to think about when planning 

and conducting user tests. 

8.4 Ethical aspect 

Cross platform development has many advantages but also some disadvantages. 

Ionic (and all other cross platform frameworks) strive to have one codebase to all 

platforms and it would be optimal if it worked flawless. But that is not the case 

since there is a competition between (mainly) Google and Apple to have the best 

products. This makes them create their own programming language and limit the 

developer to use the specific language for their platform. It would have been good if 

Google and Apple agreed on a standard for their product because it would ease the 

work for many companies. 

 

8.5 Ionic 2 vs. React Native 

As presented in the research question, this study is not only an evaluation of 

Ionic 2 compared to native development, but also a comparison to React Native. 

The results from the performance tests shows clearly that React Native performs 

better than Ionic 2 on all parameters for all tests except one. And even though fewer 

users could differentiate between the applications in the Ionic study, 96% of the 
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users for the React Native study could use a React Native app compared to 60% for 

the Ionic study. As written in the theory chapter, the Ionic team focus a lot  on the 

user interaction and the look and feel of the application which seems like they have 

succeeded with. But the overall the users are more positive to React Native. Since 

these two studies have not been conducted at the same time and with the same test 

users, no certain conclusion can be drawn. But when comparing the results from 

Danielsson's study and this study, React Native would be a better option both when 

it comes to simple applications that does not require top performance and more 

performance critical applications. 

8.6 Development 

If a framework shall be popular and well used, not only the performance is 

important but also how easy and intuitive it is for developers to actually build an 

application in it. Since all logic in Ionic builds on Angular 2 it is (almost) 

impossible to evaluate it without making comments on Angular 2 as well, but the 

focus will be on Ionic 2.  

The documentation that exists for Ionic 2 is really good. All available 

components are shown in a list with code examples and a view where the 

component is live demonstrated. Each component also has its own API page where 

available methods and properties are listed. Even though everything is very easy 

and intuitive, some lack of information was noted. For example the spellcheck 

and autocomplete property for input fields are not available in the documentation. 

Instead it was found on a forum where the problem of spellcheck was discussed. 

Except from the documentation, the support for native components are really large 

which is an effect of good support from Cordova. Due to this well written and 

intuitive documentation, it is easy to get started and you can create a new project 

with just one command that sets up everything for you. After that you can just 

create your own components just like in Angular 2. Of course Ionic has its own 

logic when building the app, but if you are familiar and understand the structure of 

Angular 2, it is easy to start developing with Ionic 2.  

Ionic 2 is a new framework and of course it leads to some disadvantages. The 

startup time mentioned above is one, but also the number of components available. 

Even though they provide lots of components, everything is not there. One example 

is the datepicker where they do not provide a graphical calendar as Android does.  It 
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is easy to find custom components from third party libraries, but as seen in this 

study those don't always work flawless. So to get out most of the application you 

should stick to the components provided by Ionic. 

When discussing the sustainability of a study, you often talk about how the 

environment is affected and how we can minimize the energy consumption for a 

better world. As we seen from the results, the energy consumption of cross platform 

developed applications has decreased dramatically compared to a few years back. In 

the big picture though, this is quite small amount of energy, since we talk about a 

few milliwatts for an application that you usually use for a couple of minutes each 

time. But, instead the improved frameworks make it easier for anybody, especially 

private developers with new ideas, to develop applications that can be beneficial for 

the environment. As an example, a lot of different types of sensors are available on 

the market which easily can collect data that can be used for optimizing or make 

people aware of what their consumption looks like.  
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Chapter 9 Conclusion 

In this chapter, the report is wrapped together with a conclusion and finally 

future research is proposed for an extension of this study and further investigation 

in the area of cross platform development. 

Ionic is a framework that has existed since 2013, but with their new release of 

Ionic 2 in January 2017 they wanted to make cross platform development live up to 

the potential it has. This could potentially change the way we create mobile 

applications. This thesis has evaluated Ionic 2, to see if it lives up to this 

expectation. The thesis has focused on the Android platform to see how well an 

Ionic 2 application competes with a native developed application when it comes to 

performance and user experience. As an extent, Ionic 2 is also compared to React 

Native, another cross-platform framework, by replicating another evaluation study. 

The creation of an Ionic application was really easy. You created a project with 

one command and then started developing. Since Ionic builds on web technology it 

is easy to understand the logic if you are familiar with web development. The 

documentation is really good and well organized. Clear structure with code snippets 

and an interactive example for each component makes it easy to use but also to get 

inspiration. Even though the documentation is good, some feature information about 

some components was not available in the official documentation, but if you know 

what you are looking for, it is easy to google it and find a solution. 

During the study two applications were tested. One native Android application 

and one Ionic 2 developed Android application. Firstly, performance tests were 

conducted. In eight out of nine tests the native application performed better than the 

Ionic application. When it comes to average CPU usage, the Ionic version used 

significantly more compared to native. Regarding average memory usage and 

battery consumption, the native version had lower usage/consumption on all test 

cases except one. But here was the difference only between 2.7%-5% compared to 

CPU usage where it was between 23.9%-43%. Also peak usage/consumption was 

measured and the pattern was the same there as well. 

During the user tests, the users got the chance to test both applications without 

knowing which app was which. 55% could not tell which app was native developed, 

which is a quite good result, if you compare with the result from the study on React 
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Native which was 72%. The other 45% that noticed one or several differences 

thought the Ionic app was slow, animations were laggy and they missed some small 

but important features. 

To sum everything up, in section 1.2.3 Research  the research question is 

presented and it asks if Ionic 2 is a good choice to serve as a replacement for 

developing native applications? After this study, we have seen that it does not 

perform as well as native development, and almost half of the users (40%) can still 

notice a difference that makes them not want to use the Ionic app. To lose almost 

half of your users because of the development environment is way too much and 

because of that Ionic is probably not ready to fully replace native apps yet. But it is 

important to have in mind that users that can be considered experts did the 

evaluation so 40% might be an overstatement since they are more inclined to notice 

small differences. 

Regarding the comparison to React Native, the performance tests showed that 

React Native performed better, and more users did not think that the differences 

between the two apps was big enough to not be willing to use the application. Of 

course this is all negative results for Ionic but it is still a very new framework with 

new updates coming all the time. With some time on the market to get feedback 

from the community and performance in our mobile devices becomes better, Ionic 

will probably be good enough to replace native development one day.  

9.1 Further research 

This study has evaluated an application deployed by Ionic for the Android 

platform. There are two other areas that would be interesting to do further studies 

on. Firstly, to get a more comprehensive evaluation of the Ionic framework, the iOS 

platform need to be evaluated as well. This could be done by a similar study as this  

one or focus on another area, for example develop an application with backend calls. 

Secondly, there are a lot of native plugins that can be evaluated to see how well they 

perform. It can be done for both for iOS and Android. 
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