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Abstract— Recently Mobile applications are progressively appreciated after being created in a cross-platform application development framework. 

In these types of frameworks, an application can be developed with on- time coding and can run on all different platforms. Irrespective of many 
advanced researches on these approaches, results are usually not satisfying. These frameworks are prone to long-winded customization and 

development endeavor that are significant and that is a very difficult situation for mobile application vendors and developers. Then in these types 

of cases, whether it would be a web application (implemented using web browsers) or native applications (implemented for every separate 

platform) are adopted. Recent developments have introduced new techniques. In this research paper, we have closely studied three cross-

platform frameworks, namely React native, PhoneGap, and Ionic. 

We have presented an extensive evaluation of the three frameworks. 

Index Terms— mobile applications, cross platform frameworks interfaces, ionic, PhoneGap, React native 

——————————      —————————— 

1 INTRODUCTION                                                                     

Technological expansion has always had an impact on people 

like and organizations work sale. Mobile and network 

technologies are no exception. The tech devices used 

nowadays such as smart phones, watches and tablets are so 

ubiquitous they have dramatically altered the way people and 

companies/organizations do business, access data, interact 

with each other and do other things. Naturally, the role of 

mobile applications (simply mob apps) in this change 

immense. According to recent statics, Google play has about 

2.5 million applications, Apple store has 1.8 million apps, and 

other including Windows and Amazon AppStore have about 

1 million apps as of October 2019 [5]. Obviously, these figures 

are steadily increasing as a result of increasing consumer 

demand and advanced features new mobile phones have to 

offer. Now a day's mobile application vendors face the issue 

that they typically need to develop the mobile application for 

multiple platforms such as iOS, Android and windows at a 

time, as there are business potentials cannot be overlooked in 

each app market. One of the major challenges for an 

organization and vendors is that they need to offer consistent 

user experience across all platforms (operating systems), 

expecting unique platform / device features. One solution of 

this issue is to have a different platform-based application 

and separate development teams for each platform for the 

same application because each platform needs 

understanding and technology experience. This method, 

however, is the most expensive solution for Application 

development, updating and support. To survive in today's 

highly competitive software industry, software vendors/ 

organizations need an alternate solution that helps in reducing 

development cost and resources developing the applications for all 

platforms in less amount of time. To meet this particular need, 

Cross platform mobile application frameworks are used to 

help organizations/ developers to build the apps once with a 

similar code and run them on multiple platforms. To enhance 

the awareness of trending cross platform development and to 

provide the understanding on existent techniques, we have 

evaluated three frameworks. React native [9], Ionic 

framework [10], and PhoneGap [11] are the one mostly being 

used now a days. Usually practitioners and hobbyists discuss 

these frameworks actively. In this research paper, we attempt 

to provide business related direction to developers by 

evaluating the frameworks by using a real-life scenario 

focusing on user experience. 

Although evaluation of other cross-platform frameworks is 

not so rare, some papers define a practice-oriented evaluation 

and few assess frameworks used by new generation. Such 

three frameworks are peculiarly attractive for analysis as 

they represent new steps of approaches which also presents 

paradigmatic shifts. Although our approach is design 

oriented, to strengthen our findings we have combined it 

with a survey (evaluation). 

This research paper provides the following contribution: 

To begin with, it gives an introduction of three innovative 

cross-platform frameworks. Second, it presents development 

of a prototype application, which ought to demonstrate 

valuable for assessment beyond our work. Third, it 

generalizes findings and comprises advice by conducting an 

evaluation of prototype app through usability testing. The 

remaining portion is organized as follows: 

In section 2 we are presenting the related work. In 
Section 3 We have provided a general introduction of the 
frameworks used in our research. In section 4 we have 
described the design and implementation process of prototype 
applications. In section 5 evaluation of prototype applications 
through performance testing and usability testing. In Section 6 
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we have provided the finding and results of evaluation and 
Section 7 provides a conclusion of our research. 

2 RELATED WORK 

A bunch of different articles and other course readings also 
address app development topics. At least a few of these are 
covering cross-platform strategies, despite the fact that not 
usually as the main topic. To shed light on related papers we 
look on that research, which compares several cross-platform 
application development frameworks. Here, we don't include 
papers that examine methods and technology for web 
application development. Web technology offers one means of 
creating platform-wide apps [6], [7]; however, creating web 
apps can be seen as an alternative to using a cross-platform 
framework [8], and mobile apps can be used as a benchmark for 
assessment. Moreover, we don't include papers here that 
handle native application development for more than 
one platform. Native apps are also useful for benchmarking 
cross-platform approaches, particularly concerning their 
UI and their performance. An outline of papers that have 
compared cross-platform development system is given in Table 
1. A few other works, other than comparative papers, can be 
seen as preconditions for our evaluation, including the specific 
challenges of application enhancement [16]. Where 
appropriate, works specifically similar to our assessment 
perspective, that are to be cited in the remainder of this article. 

 
Table 1 

Summary of Related Work: 
Paper Year Framework/Approach Particularities 

  [01] 2018 PhoneGap, xamarin Mostly focused on 

Developers perspective 

  [02]  2017 Cross compilation,  

Virtual machine, 

Web based approach 

Compare each of the 

Approach for mobile 

Application  

Development 

  [12]  2016 Xamarin,  

Cordova/ PhoneGap 

Evaluation based on a 

Prototype Application 

   [13] 2016   

Adobe PhoneGap 

Differentiation between 

Phone Gap and Native 

Development approach 

  

  [17] 

 

2015 

PhoneGap, 

Appcelerator, Xamarin, 

Smart face App Studio 

and Titanium 

Comparison with respect 

to development issues 

   [14] 2013   

Sencha Touch,  

Phone Gap, Titanium 

The performance is 

examined in terms of 

CPU usage memory and 

power consumption 

  [15] 2012 Rhodes, PhoneGap, 

Dragon Rod, mosync 

Focuses on features of 

frameworks with respect 

to market needs 

A lot of specialized papers have also been published. An 
example of this is a specific energy consumption center for 
applications created with cross-platform frameworks 
[17]. Additionally, common evaluations of the various 
platforms [18] must be taken into account. In addition, Huy and 
van Thanh [19] proposed criteria for evaluation of applications. 
They don't provide a real evaluation, they suggest "how to do 

it." Their thinking is to require distinctive perspectives, 
particularly those of developers, customers and service 
providers. 
 

3 CROSS-PLATFROM MOBILE APPLICATION 

DEVELOPMENT TOOLS 

In this research, we basically consider three prevalent and 
esteemed cross-platform mobile app development 
tools/frameworks used by the developers (professional/ 
hobbyist). First is PhoneGap, second one is Ionic and third is 
React native, all of them are used in the category of cross-
platform native app development approach. 

3.1 React Native 

React Native is a cross-platform, JavaScript based 
framework. It was developed by facebook community. This 
allows developers to build improved and native-like apps 
using a single code base.  The purpose of this framework is to 
use JavaScript and React.js to create first-rate native application 
experiences. React native embraces the platform's native actions 
and behaviors and thus offers flawless native experience. The 
advantage here is that, with the benefit of native UI elements, it 
brings complete focus to user interfaces. 

3.2  PhoneGap 

PhoneGap is an open source framework for development of 
hybrid mobile applications. It was originally developed by 
Nitobi and then the company was acquired by Adobe in 2011. 
PhoneGap uses standard and well-known web technologies 
such as HTML, CSS, and JavaScript to create cross-platform 
mobile apps without using native development languages. It 
packages app code into an executable program that can run on 
an array of mobile devices. Developers can write code once and 
deploy their app across multiple mobile operating systems such 
as iOS, Android, Windows Phone 8, BlackBerry, and Amazon 
FireOS. PhoneGap provides a JavaScript programming 
interface that allows developers to access platform-specific 
features with plain JavaScript [4]. 

3.3 Ionic 

Ionic was developed by Drifty.co, is a standard hybrid 
mobile app development framework. It enables web developers 
to use a common code base to build apps for different platforms. 
Ionic is an open source platform offering native look and feel 
tools and services to develop mobile UI. Ionic framework needs 
a native wrapper in order to run on mobile devices. Since Ionic 
is built on top of AngularJS and Apache Cordova, you'll need 
basic knowledge of these technologies. You need to learn 
HTML, CSS and JavaScript. 

4 DESIGN AND IMPLEMENTATION 

This section explains the design and implementation of the 
prototype applications used for the evaluation of the selected 
frameworks. It comprises of two parts, in first part, we describe 
the implementation design of the two interfaces that are to be 
developed, whereas, in second part, we describe the 
implementation of the interfaces that are being designed using 
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the above selected frameworks. By using each of three 
frameworks, three different applications are developed for 
evaluation. 

4.1  Design and implementation (of prototype 1) 

We have designed a prototype application using the cross-

platform frameworks to evaluate them from different 

perspectives. The main interface of our developed prototype is 

shown in Fig:1. This application is a women safety application, 

which can be used by women in emergency situations. It is 

developed by all three frameworks i.e. React native, Ionic and 

PhoneGap. 

 

Fig: 1: Main interface of prototype application 

Fig: 1 shows the main interface of application. This application 
has many different features: 

1. SOS button will sends the exact location and an 
Emergency message to saved emergency contact. 

2. Police, Fire and Ambulance numbers allows to call 
their respective numbers. 

3. Whistle sets an alarm. 
4. And turn on the torch will turn on mobile light. 

 

 

Fig: 2: Women Safety app interfaces 

4.2 Design and implementation (of prototype 2) 

We have developed another prototype application using the 
selected cross-platform frameworks i.e. React native, Ionic and 
PhoneGap. This application is an online shopping application. 
Fig: 3 shows the main interface of the developed application. 
 

 

Fig: 3: Main interface of online shopping application 

Now a days, ecommerce and online shopping applications are 

one of the important means of business. Because of its 

accessibility and convenience, more people prefer online 

shopping. The shopping application is consisting of login, 
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home, items, orderlist, wishlist and checkout interfaces. Some 

of them are depicted in Fig: 4 and Fig: 5. 

 

Fig: 4: Home and menu list interfaces of prototype 2 

 

Fig: 5: Interfaces of checkout and orderlist pages. 

5. EVALUATION 

The evaluation of the three frameworks has been performed 
by deploying two different approaches; one by measuring four 
performance parameters and other by collecting evaluation 
feedback from users. 

5.1 Evaluation of Performance Benchmarks 

Performance is one of the most important factor to be 
considered while assessing the cross-platform frameworks. 
These are the four factors which are evaluated for analyzing the 
performance of the application which are CPU, memory, power 

usage and Application size. 

5.1.1 Performance evaluation of three frameworks 

 ( Prototype 1 ): 

We developed a women safety application in the selected 
frameworks. They are then examined with the above 
performance aspects. Table 2 shows the performance criteria of 
women safety app. 

Table 2 
Performance Criteria Of Women Safety App 

Criteria React Native Ionic  PhoneGap 

CPU usage 13.5 % 18.7% 17.1% 

Memory Usage 760 MB 1126 MB 1202 MB 

Battery Usage 412.2 mW 455 mW 482 mW 

Application size 9.2 MB 4.0 MB 3.6 MB 

 
Performance evaluation shows that the prototype developed 

using React native has better CPU, memory and battery usage 
than ionic /PhoneGap but its application size is bigger than 
other two 

5.1.2 Performance evaluation (Prototype 2): 

These are the performance criteria for the other prototype 
application (online shopping app) presented in table 3. 

Table 3 
Performance Criteria Of Online Shopping Application 

 

Criteria React Native Ionic  PhoneGap 

CPU usage 12.8 % 21.3% 20.1% 

Memory Usage 868 MB 1049 MB 988 MB 

Battery Usage 476.2 mW 522 mW 509.5 mW 

Application size 8.7 MB 3.4 MB 3.9 MB 

 
Performance evaluation also shows that the prototype 2 
developed using React native has better CPU, memory and 
battery usage than ionic /PhoneGap and its application size is 
more. 

5.2 Evaluation of Prototype Applications: 

The evaluation was carried out in order to compare and find 
the best framework among the three selected frameworks. 
During the evaluation process, 50 different users were asked to 
test all the developed prototype applications. Among the 
participants who took part in evaluation were between the age 
of 19 and 28. This evaluation was presented to find the best 
application by general understanding of the students through 
usability testing. The questions used for evaluation and the 
participant’s responses are given in Table 4. The results and 
users feedback regarding the use of applications of both 
prototype systems are calculated and presented in graphs in 
section 6. 

6 RESULTS AND FINDINGS OF EVALUATIONS: 

While conducting the evaluation, the participants were given 
options from “strongly agree” to ‟ strongly disagree” to select 
the option best suited for them. This evaluation was conducted 
by all participants who performed the usability testing of the 
applications Fig: 5, 6, 7, 8 9, 10, 11 shows the result of the 
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evaluation. 
Table 4 

Questions and responses included in evaluation 

Questions 

 

Strongly       

agree 

 

 

Agre

e 

 

 

 

Disagree 

 

 

 

Strongly 

Disagree 

 

1. Application 

developed in React 

native is “Easy to 

use”. 

 

54% 

 

46% 

  

2. Application 

developed in Ionic is 

“Easy to use”. 

 

 

50% 

 

 

50% 

  

3. Application 

developed in 

PhoneGap is “Easy to 

use”.. 

 

 

45% 

 

 

55% 

  

4. I like the User 

Interface for the React 

native application. 

 

 

45% 

 

 

55% 

  

 5. I like the User 

Interface of Ionic 

application. 

 

 

42% 

 

 

58% 

  

6. I like the User 

Interface for the 

PhoneGap 

application. 

 

 

41% 

 

 

59% 

  

7. I think the designs 

and working of the 

icons/buttons in React 

native applications.  

 

 

52% 

 

 

48% 

  

8. I think the designs 

and working of the 

icons/buttons in Ionic 

applications.  

 

 

50% 

 

 

50% 

  

9. I think the designs 

and working of the 

icons/buttons in 

PhoneGap 

applications. 

 

 

48% 

 

 

52% 

  

10. The content is not 

visible and legible in 

the React native 

applications. 

   

 

2% 

 

 

98% 

11. The content is not 

visible and legible in 

the Ionic applications. 

   

 

4% 

 

 

96% 

12. The content is not 

visible and legible in 

the PhoneGap 

applications. 

   

 

4% 

 

 

96% 

13. I think the loading 

speed of the React 

native mobile 

application is fast. 

 

53% 

 

47% 

  

 

14. I think the loading 

speed of the Ionic 

 

 

49% 

 

 

51% 

  

mobile application is 

fast. 

15. I think the loading 

speed of the 

PhoneGap mobile 

application is fast. 

 

 

48% 

 

 

52% 

  

16. I think the 

Interface design of the 

React native 

application is visually 

appealing 

 

 

55% 

 

 

45% 

  

17. I think the 

Interface design of the 

Ionic Application is 

Visually appealing 

 

 

50% 

 

 

50% 

  

18. I think the 

Interface design of the 

PhoneGap   

application is Visually 

appealing 

 

 

49% 

 

 

51% 

  

19. The overall 

experience of using 

the React native 

mobile application 

was satisfactory. 

 

 

59% 

 

 

41% 

  

20. The overall 

experience of using 

the Ionic mobile 

application was 

satisfactory. 

 

 

53% 

 

 

47% 

  

21. The overall 

experience of using 

the PhoneGap mobile 

application was 

satisfactory. 

 

 

50% 

 

 

50% 

  

 
Fig 6 is showing the combined comparative analysis of question 
1, 2, 3. This question was related to “Ease of Use” of application. 
During testing of React native application, out of 50 students, 
54% of students replied with “strongly agree” after using the 
application and remaining 46% replied with “agree”.  None of 
the user has found it difficult while using the React native 
application.  In testing the Ionic application, 25 users among 
total of 50 users responded with “strongly agree”, while the 
remaining 25 users replied with “agree”. None of the user has 
found it difficult while using the application. In testing the 
application developed in PhoneGap, among all users, 45% 
responded “strongly agree” and 55% responded with “agree” 
after using this application. After comparative analysis of 
results, all interfaces were found easy to use and among all 
developed prototypes, Applications developed using react 
native were rated better than other two frameworks. 

 

Fig: 6: Evaluation results of Application 
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Fig 7 is showing the combined comparative analysis of question 
4, 5, 6. These questions are related to user interface (UI) of the 
applications. For example, design, colors used in the 
application. 

 

Fig: 7: Evaluation results of Application 

Fig 8 is depicting the combined comparative analysis of 
question 7, 8, 9. These questions are about the appearance and 
working of the icons/buttons used in the applications (like 
color, design). It is perceived that all of students provided 
positive results. 

 

Fig 8: Evaluation results of Application. 

Fig 9 is portraying the combined comparative analysis of 
question 10, 11, 12. . These questions are about the 
understanding of content of the applications, and all students 
provided positive results.   

 

Fig 9: Evaluation results of Applications 

Fig 10 is showing the combined comparative analysis of question 
13, 14, 15. These questions are about the loading speed of 
application (Page loading, working).  

 

Fig 10: Evaluation results of Applications. 

Fig 11 provide the evaluation results of questions 16, 17, 18. These 
questions are about the design of application (visual, colors, 
layouts structure). 

 

Fig 11: Evaluation results of Applications. 

Fig 12 represents the analysis 19, 20, 21. These questions 
represents the overall preference of the users for the application 
(satisfaction, likeness, and understanding).  

 

Fig 12: Evaluation results of Applications. 

7 CONCLUSION: 

This paper presents the comprehensive evaluation of the 
three selected frameworks i.e. React native, Ionic and 
PhoneGap through two perspectives which are performance 
measures and usability. After evaluating performance 
measures it is not straight forward to decide which framework 
is better option for developers.  Despite their common objective, 
they all have distinctive features that make each one superior 
and preferable to the others. Therefore, developers 
/organizations need to understand the advantages and 
disadvantages of them, evaluate each one considering their 
own specific development requirements and constraints, and 
then making their choices wisely. If a developer wants an 
excellent user experience, convenience, and reduced costs of 
cross-platform development then React native is better choice, 
however it will take more time in development than 
ionic/PhoneGap. But if a developer wants to quickly develop 
an application or convert a website into a mobile app without 
high UX. 
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