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 ABSTRACT Cross-platform frameworks for mobile application development are pervasive and allow 

developers to build applications that can operate on a spectrum of mobile platforms. With the high availability of 

such frameworks, it is imperative to give better understanding about the perception of industry and the challenges 

they face in this field. Although there are several studies in this field of research, only few research works 

investigate cross-platform mobile development in the industrial contexts in-depth. We conducted a qualitative 

research using multiple case-study approach. Interviews and focus groups methods were applied to gather 

information from four different software development companies in Palestine. This study aims at understanding 

industrial teams approach to mobile cross-platform development. In particular, it seeks to identify the challenges 

they face in the areas of code maintenance and software testing. Our findings cover the important aspects in 

industrial contexts, including the development process, as well as, how and why the cross-platform development 

approach is chosen. From the practitioners’ perspectives, we argue that the developers’ experience is the most 

influential factor in the development process. Further, our study investigates the different cross-platform 

technologies in the industry, and the dominant one from the practitioners’ perspectives, where they agreed that the 

React-Native is the promising and dominant technology. From the challenges perspective, we found that the APIs 

provided by the vendors are not easy to operate by developers and considered to be a major challenge. Finally, this 

research investigates how testing and maintenance methodologies are applied along with their challenges. 
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I. INTRODUCTION1 

ECENTLY, smartphones have become extensively 

utilized in different aspects of our modern life. In fact, 

mobile applications, apps hereinafter, are being included into 

critical sectors including m-banking, m-payments, m-health, 

and even military contexts to mention just a few [1]. 

Moreover, mobile app development is considered as one of 

the most growing IT sectors. The fierce competition in the 

mobile app market makes it imperative to reduce the 

development time of these apps and at the same time 

allowing them to run on large spectrum of hardware devices 

and platforms. Mobile app development is so different from 

traditional web and desktop applications and indeed has its 

 
This paper has been submitted for the Open Special Issue on Green 
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own peculiarities such as the need to deal with different 

platforms. Nowadays, we have various platforms that power 

mobile devices such as Apple iOS, and Google Android. 

Mobile apps can be developed using either native, m-site 

or cross-platform technologies [2]. Native approach uses 

programming language that is specific for certain mobile 

platform such as Java and Kolten for Android; and Swift for 

Apple devices. This means that the developed app using this 

approach can be run only on its particular platform. In order 

for a mobile app to be successful and pervasive, it is expected 

to run on each mobile platform. However, this can be 

problematic using the native approach since that each 

platform will require a special mobile app.  

R 
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The second approach is known as the m-site approach, 

depends on web technologies (HTML, CSS and JavaScript) 

and is designed to run within the boundaries browser 

application. Mobile web apps (m-sites) do not need to be 

adapted to any operating platform since they are 

implemented to run as web applications with the ability to be 

viewed on small screens [3]. Despite that, m-site apps have 

poor performance; the response time is highly affected by the 

client-server interaction, and the execution of code through 

the browser sandbox limits the access to all device hardware 

capabilities. In addition, they do not provide the native look 

and feel of native apps, thus making them less attractive for 

the end user. 

The third approach is the cross-platform, which includes 

several techniques to develop mobile apps such as hybrid, 

cross-compiled, interpreted and other solutions [4]. Hybrid 

applications are developed based on Web technologies 

(HTML, JavaScript and CSS) but unlike the m-sites, they are 

not executed within the browser. Instead, they are run in a 

special web container with better access to device 

capabilities through a specifically designed APIs. 

Nevertheless, the use of non-native components in the 

interface harms the user experience, and the execution is 

slowed down by the load associated with the web container 

[5]. The other types of cross-platform solutions constitute 

approaches that translate the original code of the app into 

mobile platform native code [6]. All of the cross-platform 

solutions aim to achieve the same objective: building one app 

that operates over different mobile platforms. Recently, 

cross-platform technologies have become pervasive and 

highly adopted by the industry. With the availability of these 

different options to develop mobile apps, we found it 

imperative to investigate the industrial perspective and the 

challenges they face. 

Our motivation in this research is highly stipulated by the 

findings revealed from our previous systematic mapping 

study, Zohud et al. [7], which concluded that there is a lack 

in research that investigates testing and code maintenance 

methods for cross-platform mobile apps.  

Using interviews and the focus groups, we gathered 

qualitative data on approach adaption process, framework 

dominance, common challenges, testability and 

maintainability of cross-platform app. 

The results show that the dominant cross-platform tool in 

the industry is React-Native, due to continuous support and 

improvement by the Facebook team. Among the challenges 

faced by the developers, the hardware API calls, libraries 

provided by the community and the communities for the 

cross-platform technologies are the mostly reported 

challenges. Regarding the testing techniques, the manual 

testing is the mostly applied technique. 

The remainder of this paper is organized as follows: The 

related work is introduced in Section II. Section III 

demonstrated the research propositions that this study is 

based on. In Section IV we described the research method of 

this empirical study. The results are presented in Section V 

followed by Section VI where we discussed our findings. 

Section VII presents threats to validity, VIII presents future 

work and our work conclusions are given in Section IX. 

II. RELATED WORK 

Several studies were conducted to investigate the cross-

platform mobile apps development. These studies are 

different in the focus topic and applied research methods. 

The majority of the previous studies are comparative studies, 

as they were conducted to compare between different 

approaches, frameworks, tools and applications [7]. 

The study conducted by Ciman et al. [9] is an example of 

comparative study with the experiment carried out to 

compare different cross-platform frameworks based on the 

energy consumption. Another comparison analysis was 

conducted by Willocx et al. [10] to evaluate the native and 

hybrid approaches based on application that had been 

developed with two versions each using one of the 

approaches. An experimental study was implemented by 

Vilcek et al. [11] to compare between different cross-

platform development tools, which are the Android Studio, 

Xcode, Visual Studio, Ionic, PhoneGap and NativeScript. 

The study conducted by Ali et al. [12] is an additional 

example of the comparative studies, they mined 80K of 

hybrid apps from different stores to evaluate these apps and 

rate them according to the platform they run on. 

Part of the conducted studies was applied to analyze 

specific cross-platform development framework according 

to different factors, example of such studies is the research 

done by Dunka et al. [13] that focused on building hybrid 

mobile apps with the use of Ionic framework. 

The other type of the applied studies those that were 

implemented to propose new approaches in the field of cross-

platform, some of them suggested development frameworks 

solutions, and others introduced evaluation frameworks and 

few proposed testing frameworks. The conducted study by 

Tung et al. [14] is an example of the research that proposed 

a development framework. The proposed library has a 

purpose of facilitating the development of cross-platform 

apps with acoustic sensing. 

There are few studies investigated software development 

in the industrial contexts, a study conducted by Zein et al. 

[15] aimed to investigate the testing techniques that mobile 

developers use, and to identify the challenges they face by 

applying a multiple case-study with four companies in the 

industry of mobile development. They reported the major 

challenges in the industry regarding testing mobile 

applications and found that there is no sufficient knowledge 

about testing mobile apps in a way that confirms life-cycle 

properties. Additionally, they found that there is no clear 

testing approach applied in the testing phase. A study of 

Zarour et al. [16] investigated the software development 

effort estimation in the Palestinian IT sector. They designed 

a survey and then conducted a multiple-case study with four 

different companies; their findings showed that inaccurate 

estimation of the project causes 25% of the cost overrun. 

There is another research of Asfour et al. [17] that applied a 

qualitative method in the Palestinian industry. Their 
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investigation focused on exploring the Agile process in 

developing mobile apps by conducting multiple-case study 

involving four mobile development companies. They 

concluded that not all principles of Agile are fit the mobile 

development process. Another study with applied qualitative 

methods was conducted by Ahmad et al. [18] and 

investigated the challenges in mobile development through 

online questionnaire and interviews. They reported several 

challenges faced by the industry such as fragmentation, user 

experience, testing, reuse of code and others. In a study of 

Biørn-Hansen et al. [8] it was compared between hybrid and 

interpreted approaches in terms of ease of communication 

between app-side and native-side, in addition to the use of 

native functionality such as device file storage. They 

conducted an online questionnaire targeted at the industry 

practitioners with 101 respondents. They found that the 

major difference between those two approaches is that 

hybrid approach depends on WebView component which 

constitutes an abstraction layer for native-side calls that 

passed through. While the interpreted approach bridges the 

native features instead of using on-device interpreters. 

However, there is no clear issue regarding the 

communication between app-side and native-side in both 

approaches, but hybrid one requires less coding effort and 

shows that it is four times faster than the interpreted 

approach in terms of communication between app-side and 

native-side. 

A recent survey-based study conducted by Biørn-Hansen 

et al. [29] is the closest study to our work, but it is a 

quantitative research focused only on the cross-platform 

development tools in terms of adaption, dominance and 

challenges that developers face, while we investigated the 

whole development process for the cross-platform app. They 

formed an online survey of five questions put to 101 

participants, then they analyzed the results quantitatively and 

highlighted the commonly reported issues in the industry 

which are the performance, user experience and the 

efficiency of the development tools. However, in our study 

we apply a multiple case-study with interviewing developers 

from four development companies, then we analyzed the 

result using qualitative method and concluded with answers 

for the research questions we designed. 

III. RESEARCH PROPOSITIONS 

Providing propositions helps in addressing the research 

problem that will be studied, and the data types that will be 

collected become clearer. Further, it is helpful to get more 

focused on the data that will be collected, and increases the 

ability for the researcher to stay at the research scope limit 

[20]. 

Based on the above-presented studies that are already 

investigated in the literature, we prepared three propositions 

that will be studied in our research. (1) Cross-platform 

development is a challenging approach which is not explored 

deeply in the industrial contexts, (2) maintenance in cross-

platform apps might not be effective, (3) automation testing 

in cross-platform approach might not be supported and 

effective as in other development approaches. 

The objective of this study is to explore and investigate 

these propositions. 

IV. RESEARCH METHOD  

This research applied a qualitative approach which 

investigates the issues of cross-platform apps development. 

This type of research is known to be exploratory in nature; 

provides in-depth information for specific case; and gives a 

chance to enrich the understanding of some problem [23]. 

Qualitative research is intended to cover the behavior and the 

perceptions for the targeted participants, it is successful in 

recognizing important factors that affect the research issue 

such as social norms, gender roles, religion and others. 

Through qualitative research, we can get a comprehensive 

textual description of individuals’ experience in the research 

problem. 

Fig. 1 shows the multiple-case study design approach, 

which is inspired by Yin [21]. We started with defining the 

research theory, then design the data collection procedure 

that will be performed on the selected cases. 

 

Figure 1. Multiple-case study design [21] 
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The theory was developed on the basis of the literature 

review, mainly by our previous systematic mapping study of 

the work of Zohud et al. [7]. The main points on which the 

theory was established are the following: there is a lack in 

code maintenance investigation for cross-platform apps, in 

addition to the finding that there are not enough studies 

conducted on the testing techniques in this area. 

The qualitative data is collected using multiple case-

study method, which includes two data collection methods: 

(i) interviews, and (ii) focus groups. The gathered data was 

in a form of written notes and recorded audios. 

A.  DATA ANALYSIS 

The variety of data collection methods help to apply data 

triangulation which is according to [21] facilitates the data 

validation using different data collection techniques over 

multiple data resources. The collected data will be analyzed 

in a way that facilitates retrieving the relevant passages. We 

used a thematic coding technique [21] to classify the 

passages according to predefined codes and generate the 

themes. 

THEMATIC CODING ANALYSIS 

It is a form of a qualitative research analysis that inspects the 

themes of the given data which describes the research 

phenomenon. The coding analysis must be familiar with the 

data in order to extract the patterns, so it makes the 

researchers able to get deep insight from the gathered 

information. This kind of analysis is applicable for research 

questions and for large data set since it helps to narrow the 

wide data through discovering themes, and then specifying 

the research questions [25]. Fig. 2 demonstrates the 

following thematic coding analysis process which is applied 

in this research:  
• The case study material outcomes are used to extract the 

patterns (themes). 

• Next, the extracted themes are defined with names 

(codes)  

• Then, they are stored in order to be used in data 

triangulation by analyzing the whole case study data 

together. 

 

 

Figure 2. Thematic coding analysis steps 

Table 1 shows an example of the thematic coding used in 

this research. Each row represents a sentence for different 

company of the mentioned RefID. 

 

Table 1. Thematic coding example 

RefID  SentenceId Sentence Code1 Code2 

AT1 21 React-Native is the dominant technology Development process Development tool 

AT3 53 Automation testing may waste our time Testing Challenge 

AT2 35 Sometimes we need to modify the cross-platform library 

(build a plugin) to support some features 

Challenge  

Ex1 2 The cost is an important factor for the client to choose the 

development approach 

Development process  

Ex2 22 The plugins restrict the developers while using them and the 

data they provide 

Challenge  

Ex3 43 We usually choose either Ionic or React-Native Development process Development tool 

CT 4 Web developers are highly available since web technologies 

are old development techniques, so it is easier and takes less 

time/cost to go for hybrid (Ionic) 

Development process Development tool 

CT 14 We do manual testing due to automation testing cost Testing Challenge 

CT 15 Ionic has a service facilitating the maintenance process (Ionic 

Pro) which makes the developers able to push the change 
without re-publishing the app again 

Maintenance  

IS 10 We use manual testing on our projects Testing  

IS 14 Maintenance on cross-platform apps reduces the change time Maintenance  

IS 6 We previously in one of the apps switched from Ionic2 into 

native because Ionic highly utilizes the device resources 
which slows down the app response 

Challenge  

 

B.  RESEARCH QUESTIONS 

Selecting the development approach is a critical decision that 

industrial teams should take. Cross-platform mobile app 

development approach has many benefits that can make the 

developers willing to provide cost effectiveness since the 

resulted apps are developed once then deployed everywhere. 

Despite of that, cross-platform approach has many 

challenging aspects that are not well investigated at 

industrial contexts. As mentioned in the Introduction section 

(1), there are only few studies that explore the cross-platform 

development in the real-life.  
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Based on the research problem identified above, we 

formulated three main research questions. The first question 

aims to explore the process that industrial companies use to 

develop the cross-platform apps, and to spot the light on the 

most reported issues in developing these apps.  

RQ1: How do industrial teams develop cross-platform 

mobile apps in term of development process and tools used? 

And what are the challenges they face? 

The second question targets the maintainability aspect of 

the cross-platform app from the practitioners’ point of view. 

RQ2: To what extent do cross-platform frameworks 

support code maintenance? 

The third question aims to investigate the testing area for 

the cross-platform apps in the practice. It also aims to 

examine the efficiency of testing techniques in detecting 

bugs of the cross-platform apps. 

RQ3: What are the testing techniques supported by cross-

platform frameworks? And how effective are they? 

V. RESULTS 

The results section introduced the findings of the case 

studies. This empirical study investigated the data on four 

different companies that are referred to as C1, C2, C3 and C4 

in order to maintain confidentiality. The first case C1 was 

large outsourcing software and IT company, that employs 

more than 250 employees. C1 provides several software 

services such as mobile development, web-based solutions, 

quality assurance and testing and other services. C1 has one 

team of three members who develop cross-platform mobile 

applications using React-Native technologies. They provide 

mobile applications based on the client’s requirements. 

The second case C2 was an outsourcing software 

company that delivers customized mobile and web 

application solutions to organizations. C2 has two teams, 

each team of two members who are developing cross-

platform mobile applications. One of the teams develops the 

apps using Ionic framework and the other is working using 

React-Native technologies. 

The third case C3 is a company that provides technical 

services to clients outside the country. They are a team of 

three that work in building hybrid apps based on Ionic 

framework.  

The last case C4 is a software development start-up that 

builds web and mobile applications for clients worldwide. 

They have a team of two members that work on cross-

platform mobile development, they specialize in developing 

hybrid apps using Ionic framework. Table 2 summarized the 

teams’ sizes. 

Table 2. Teams’ sizes 

Case study ID Team size 

C1 3 

C2 4 

C3 3 

C4 2 

 
This section provides the results received from the 

interviews conducted with the developers.  

The studied cases are all outsourcing companies where 

the client participates sometimes in the decision of 

development approach selection. The development teams in 

these companies build the mobile applications based on the 

client requirements, and several factors are taken in 

consideration in order to choose the appropriate development 

approach. 

We noticed that when the client has a technical 

background then he can suggest the development approach 

to be used, but we noticed also that the main factor which 

affects the decision is the team members’ experience. When 

they are experienced in web technologies then it is easier for 

them to use cross-platform technologies. This decision also 

depends on additional important factors such as the client 

budget, since the native development process is more costly 

due to the number of resources it needs and the time it takes, 

so when the client budget is limited then it is more suitable 

to develop the application using cross-platform technologies. 

The team leader in C4 explained this: 

“We choose the development approach based on our 

experience, but the client budget can restrict us, since low 

budget suits cross-platform” – Team leader, C4. 

The project requirements may strict the development 

approach choice, when most of the application features 

require heavy hardware resources access, then it is better to 

go for native. This is confirmed by a developer in C3:  

“If the app requires high access on device resources (ex: 

GPS) then we go for native since it will be complicated in 

cross-platform” – Developer, C3. 

Additional factor that is studied when choosing the 

development approach is the required performance from the 

application, if the app is a real-time and interacting 

application then the developers use the native technologies 

to build it. This is highlighted by a developer in C4: 

“Cross-platform doesn’t suit apps with very high 

performance such as games” – Developer, C4. 

After choosing the development approach and when the 

cross-platform approach is taken for developing the app, the 

developers have to take the decision about which cross-

platform technology to use.  

Development teams often select the cross-platform tool 

based on the developers experience in order to reduce the 

learning time. For example, one of the team members in C3 

mentioned that “developers with Angular experience usually 

work on Ionic framework” – Developer, C3. Moreover, the 

time limitation plays a role in cross-platform tool selection 

since the progress time is not the same for all tools, the team 

leader in C1 highlighted that “React-Native development 

takes time much more than Ionic” – Team Leader, C1. 

Additionally, client requirements affect this decision, we 

noticed that when the application needs to interact with 

online web service then they choose to work with Ionic, this 

is explained by one of the developers in C1: 

“If the application is local, then we use Ionic since we 

need plugins to get data from backend when developing with 

React-Native, while HttpClient is supported in Angular that 

Ionic is built on” – Developer, C1. 
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We also noticed that React-Native is the most candidate 

technology when the app is required to be with high 

performance, one of the developers in C2 stated that “React-

Native is better in performance wise in term of rendering and 

memory allocation” – Developer, C2. 

Despite previous developers’ statements, they all agreed 

that React-Native is the dominant technology in general. The 

team leader in C4 who is leading a team working on Ionic 

confirmed that they started learning React-Native in order to 

support it in the future. 

We noticed that there are common challenges that most 

of the development teams faced with which restrict the 

development process or cause an overhead for the 

developers. Hardware calls is a major challenge that forces 

the developers either to build a native module to handle it or 

change the whole development approach. Another common 

issue is about the published libraries by the community, if 

the one who built the library stopped supporting it then it 

may cause problems in the recent platform versions. One of 

the developers in C1 mentioned that “The written libraries 

may become unsupported by the persons who wrote them, so 

the library could not support latest platform versions” – 

Developer, C1. Plugins can cause conflict issue when several 

numbers of them are injected into the app, and they are 

sometimes the reason for rejecting the app publishing in the 

app store due to something included in these plugins that don 

not comply with the store policies. 

We noticed that the cross-platform community is not 

mature enough, the developers face an issue with libraries 

documentation which is not sufficient, also the updates and 

bugs fixed for these libraries are slow. The team leader in C4 

stated that “The Ionic community did not expand as they 

promised in early stages” – Team leader, C4. 

In general, all the developers in the cases we investigated 

confirmed that the cross-platform app is maintainable since 

the code fix or update is working smoothly on different 

platforms, in other words, one update for all platforms which 

reduces the change time. But one of the developers in C2 

explained that maintainability is different for the application 

that is written fully using cross-platform technology from the 

application that has many included native codes. 

“If there are many native modules injected in the cross-

platform app then its maintainability is the same as native 

app” – Developer, C2. 

We noticed that the dominant supported testing technique 

for cross-platform apps is the manual testing. Most of the 

studied companies do not support automation testing (except 

one team in C2), they explained that they avoid automation 

testing due to its time and resources cost. A developer in C1 

stated that “Automated tests may be written in enterprises 

level or in mature startups” – Developer, C1. 

The team in C2 that supports the automation testing 

explained that they have started supporting the UI 

automation and unit testing recently and they use Appium 

tool for UI tests and Jest for unit testing. They face some 

issues with Appium when handling the UI components, it 

behaves in different way when accesses the components on 

Android device from the access way on iOS device. For 

example, the tool can access the component on Android 

device even if it is in the bottom of the page without 

scrolling, while it cannot do this on iOS without scrolling the 

page. 

VI. DISCUSSION 

This section interprets the case studies results in order to 

provide a better understanding of the research and to answer 

the research questions. This is an exploratory study, which 

explores the areas that are not well investigated in the 

literature, and aims to motivate for future studies in this field. 

The findings discussion is made based on the results 

described in the previous section and according to the 

revealed themes. First, it displays the development process 

in the field of cross-platform development, then it presents 

the most used technologies in industry, after that it moves on 

to focus on the challenges that developers face, moreover, 

the used testing techniques and their limitations will be 

presented in addition to the maintainability side of the cross-

platform apps. 

Only one research is designed to target the cross-platform 

development in industry, this is a quantitative study that is 

done by Biørn-Hansen et al. [29] and based on survey results 

of five questions, which conducted with 101 participants. 

Biørn-Hansen et al. study focused on the cross-platform 

technology adaption and the challenges the developers faced 

with.  

However, the current study is a qualitative research that 

targets the whole development process in the field of cross-

platform development, which covers the process and all the 

factors that affect the adaption of the development approach 

and cross-platform technologies. Also, the challenges that 

commonly reported by the industry are discussed, in addition 

to the cross-platform app maintainability and the used testing 

techniques in the field. We designed a multiple-case study 

with conducting interviews and focus groups with 4 

companies in order to get a solid understanding about the 

development process and other related aspects in cross-

platform area. 

A.  DEVELOPMENT PROCESS 

According to industry’s practices, it is apparent that the 

companies’ decision about which development approach to 

choose is often taken by the developers, although the clients 

can sometimes force the developers to work on a specific 

approach, but what really matters to them is the final 

delivered application regardless what are the technologies 

used to build it. 

There are several factors to determine whether cross-

platform technologies are suitable or not for developing the 

app such as the application requirements, client budget, the 

time specified for the project and other factors, but this 

decision is often made based on the developers’ experience. 

Cross-platform technologies are always the most preferable 

in this decision, since these tools and frameworks depend on 

web technologies which are more outdated technologies than 

the native mobile development technologies, so web 

developers are highly requested. 
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Although the practitioners mentioned all the factors that 

affect the decision which are confirmed by the researchers in 

the studies such as [26], but the conducted research did not 

highlight that the developers’ experience is one of the factors 

that affect choosing the development approach and tool, also 

it’s considered as one of the most influential factors. From 

the researchers’ point of view, the application requirements 

are the primary selection reason. 

However, the factor that may force the developers to go 

for native is that the application has many features which 

require for device resources such as GPS, Bluetooth, and 

etc., which is confirmed by [26]. In this case, the developers 

have to write many native modules to handle these calls, this 

workaround takes time that native approach can help to 

provide the resources calls in an easy and direct way. On the 

other hand, these injected native modules can complicate the 

code maintenance process, because developers will have to 

update each module in different way to work on all 

platforms. 

B.  CROSS-PLATFORM TOOLS 

There are several cross-platform tools options to develop 

mobile apps, although the number of companies that use 

Ionic is maybe larger than the number of those who are using 

React-Native, which is because the Ionic framework is older 

than the React-Native, but from the practitioners’ point of 

view, the React-Native is a promising technology since its 

open-source in addition to the fact that its community is rich 

and expanding in a satisfactory way. There is a lack of 

studies that investigate the React-Native since it is a new 

technology, but the recent research agrees with the 

practitioners’ opinion as for React-Native popularity. An 

experimental study [19] mentioned that the reason for React-

Native popularity is the strong participation in its community 

in addition to the development team provided by Facebook 

to evolve the framework. Hence, the potential cause of 

React-Native customers’ growth and community expanding 

is Facebook’s support, with Facebook recently announcing 

that they will invest more in the open source community of 

React-Native [27]. 

C.  CHALLENGES 

Several previous researches such as [27-29] introduced the 

challenges that developers face with in the cross-platform 

development field. These challenges include fragmentation, 

performance, user experience and hardware resources calls. 

Almost all the challenges that were revealed in the current 

industrial research are mentioned in the earlier research, but 

to our knowledge, this research is the first at investigating 

the issue of the written libraries provided by the community 

which forms a real challenge for the practitioners. The 

community may stop support these libraries, this forces the 

developers to maintain them which costs time. 

D.  MAINTENANCE 

The maintainability of cross-platform app was studied in 

[30], the researchers concluded that the maintenance process 

is simplified and the cost is reduced in the cross-platform 

development, and this is due to the shared code that runs on 

all the mobile platforms. This is confirmed by the industrial 

developers, but they also clarified that the maintenance 

process will be complex as native maintenance if the 

application has many injected native modules. 

E.  TESTING 

In general, the development life cycle ends with testing 

phase, where the testing process can be applied in several 

ways. Automation testing is usually used to reduce the 

testing time and effort, but according to the studied cases in 

this research, automation testing is not supported by the 

majority of companies in the cross-platform development 

field, this is due to the fact that automation testing needs 

more resources in order to build a useful and reliable 

regression that can be performed after each app release. 

When the companies go forward cross-platform 

development in order to reduce the resources cost, they 

depend on manual testing only. To our best of knowledge, 

testing cross-platform apps is not investigated in the 

literature, which makes this study the first research that 

discusses the testing in the industrial contexts. 

VII. THREATS TO VALIDITY 

Threats to validity affect the research quality, and ensuring 

the case study reliability and validity offers high degree of 

confidence of the research findings [31]. We applied validity 

and reliability mechanisms in this study, we used three 

criteria to guarantee high level of case studies accuracy, and 

those criteria are construct validity, external validity, and 

reliability [15]. 

• Construct validity: having the correct measurement for 

the investigated concepts; 

• External validity: identifying the study context for 

which the results can be generalized; and 

• Reliability: shows that the data collection process can 

be replicated with the same results. 

Table 3 shows the strategies inspired by Yin [21] that we 

applied to ensure the validity of the case study. The internal 

validity is excluded since this study is exploratory in nature. 

Table 3. Strategies to maintain case study validity 

Test Tactic Strategy 

Construct 

validity 

- Use multiple sources of 

evidence 

- Maintain chain of 

evidence 

- Gathering data from interviews 

and focus groups 

- During thematic coding 

procedure, numbers were 

assigned to sentences and linked 

to their source documents. 

External 

validity 

- Use of theory - Theory was established based 

on the literature review 

Reliability - Use case study design 

- Create case study 

database 

- A case study is designed and 

used 

- Case transcripts, reflections, 

and spread sheets were created 
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Our study investigated four software development 

companies. We believe that investigating more companies 

can yield into more accurate results. 

VIII. FUTURE WORK 

As a future investigation, we suggest considering some 

additional aspects in the future research in order to achieve 

better results. There are plenty of improvements on the 

findings that can be done when considering the software 

features and team sizes in the future conducting studies. 

IX. CONCLUSION 

This research presented an industrial investigation of cross-

platform mobile apps development. The main research 

proposition was that the cross-platform development is not 

explored deeply in the industrial contexts, since there is a 

lack of studies that investigate it. Our study is done based on 

the main proposition, which is implemented through 

conducting interviews with development teams from four 

different companies. The conducted research deeply 

explores how the development teams in the companies 

develop mobile apps using the frameworks of the cross-

platform technologies. Also, the testability and 

maintainability aspects in the development process are 

investigated.  

In this study, we investigated some research gaps 

identified in the literature and compared them with the 

practitioners’ perceptions. We noticed that the main factor 

for adapting certain approach or framework is the developers 

experience in the team, also, the app requirements is another 

influential factor in this decision. We found that the most 

popular technology in the area of cross-platform from the 

industrial point of view is React-Native. Further, we 

identified different common reported challenges that 

developers usually face with such as the device resources 

access, the plugins provided by the community and the 

limited support from the communities of the cross-platform 

technologies. Moreover, testing process is often based on 

manual techniques in most of the companies. 

DATA AVAILABILITY 

The data used in this study to support the presented results 
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is the data repository location: 

https://github.com/TasnimZuhod/industry_percpectives_int
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