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Context: In the last few years, the exigency of mobile devices has proliferated to prodigious heights. The process of 

developing the mobile software/application proceeds amidst testing phase to verify the correctness of the mobile 

app. The estimation of testing plays a vital role in the effective completion of testing. 

Objective: To identify how estimation of test effort for mobile applications is distinct from other software via 

published literature and from mobile software organizations. Second is to recognize different issues in adapting 

traditional test estimation methods to the mobile domain and if suggestions from survey results could be helpful 

in providing an improved test estimation model for mobile applications. 

Method: A systematic literature review is conducted followed by a survey through an online questionnaire filled 

from experienced mobile application developers and testers. 

Results: The results from SLR cover identification of mobile app specific characteristics and reports test effort 

estimation techniques in the mobile domain. Findings from survey corroborate that a) Function Point/Test Point 

Analysis is highly adapted traditional test estimation technique to mobile domain; b) Challenges like uncertain re- 

quirements, no tool support for test estimation, complexity in testing, client miscommunication etc. are reported; 

c)Suggestions to improve test estimation process include proper test planning, adoption of agile methodology, 

healthier communication among client, developer, and tester etc.; d) On the basis of responses, Analytical Hier- 

archical Process (AHP) identifies “Diverse Devices and OS ” along with “Type of App ” as highly influential mobile 

app characteristic on the test estimation process. 

Conclusion: Results conclude that the importance of identified mobile app characteristics from SLR cannot be 

ignored in the estimation process of mobile software testing. There might be a possibility to improve existing test 

estimation techniques for mobile apps by giving weight to mobile app specific characteristics and by considering 

suggestions from experienced developers and testers. 
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. Introduction 

Mobile applications are those software applications which are in-

ended to run on the smartphone, tablet, laptop computers, and mobile

evices and/or for taking input contextual information [1] . To ensure

hat mobile applications conform to their specifications, a usual act to

mprove quality is performed, called software testing [2] . If effort, time

nd cost required to test the software are known in advance, then one

an efficiently utilize testing resources to ensure a timely and within

udget completion of projects. 

For developing a mobile application, traditional software develop-

ent estimation methods are applied ignoring characteristics specific

o mobile devices such as memory capacity, processing power, graphic

nterface, connectivity factor, bandwidth factor, lower battery factor, in-
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ut interface factor [3] . In literature, there are techniques for estimating

he effort required for software development adapted to the mobile do-

ain; such as are FPA (Function Point Analysis), UCP (Use Case Points

nalysis), SLOC (Source Lines of Codes Analysis), COCOMO (Construc-

ion Cost Model), etc. [4] . 

The focus of this study is on estimating the testing effort for software

o be developed for mobile applications, which is currently being esti-

ated with traditional methods of estimation used for desktop/laptop

pplications. According to [2] , testing part of the development phase

oes through an additional life cycle, so separate estimation for this

hase of development needs attention. Effort estimation is one of the

erilous probes in the entire Software Testing Life Cycle (STLC). STLC

rocess progresses through different stages i.e. Requirement Analysis,

est Planning, Test Case Development, Environment Setup, Test Execu-
unjab, India. 
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Table 1 

RQs and research method adopted for answering the RQs. 

No. RQs Research method 

RQ1. What are different mobile application characteristics? Systematic Literature Review (SLR) 

RQ2. What are different mobile applications test effort estimation techniques? Systematic Literature Review (SLR) 

RQ3. What are different issues and challenges faced by testers for estimating the testing effort of mobile applications? Survey 

RQ4. What are the recommended practices to overcome the challenges of estimating the testing effort of mobile applications? Survey 

RQ5. How do mobile specific characteristics affect the testing effort estimation process? Survey 
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ion, and Test Cycle Closure. There are many existing testing effort es-

imation techniques used for conventional software based on judgment

nd rules of thumb, techniques based on analogy and work breakdown,

echniques based on factors and weights, techniques based on size, fuzzy

nd other models [5,6,15,16,7–14] . 

Some authors [17,18] have proposed test effort estimation models

or mobile apps and [ 19 ] has adapted traditional testing effort estima-

ion techniques to mobile software. But none have considered character-

stics/factors specific to mobile applications. The research gap existing

n this area needs to be addressed. The first objective of this research

s to identify mobile app characteristics and its influence on testing

stimation process of mobile apps. Another objective is to study the

urrent state of the practice about testing estimation in the mobile soft-

are industry, identifying how adaption of traditional testing estimation

ethods to the mobile domain is affecting the testing process and real

hallenges confronted while estimating the mobile application testing

rocess. 

The paper is divided into eight sections. Section 2 summarizes the

esearch method followed in the paper. Section 3 presents the process of

onducting a Systematic Literature Review (SLR). Section 4 gives detail

bout the research approach used for conducting a survey along with

ajor findings and challenges during the testing estimation process of

obile applications. Section 5 discusses the threats to validity in con-

ucting SLR and survey. Section 6 presents related work followed by

ection 7 with a conclusion and future work. 

. Research method 

The research method aims at analyzing the available literature on

haracteristics specific to mobile apps, mobile app test effort estimation

echniques and at involving developers and testers in the field for an-

lyzing the impact of identified characteristics on estimation process.

o achieve this aim, a systematic literature review and the industrial

urvey are used as a research method to answer the research questions

RQs) as shown in Table 1 . After an initial analysis of existing literature,

 questionnaire is developed to get better insights into current practices

n industries on mobile app development and testing estimation. 

The first goal of this study is to gain the real knowledge and status

bout the different papers that present how mobile applications testing

s different from traditional (desktop/laptop) software testing estima-

ion (RQ1). The second goal is to study existing literature on estimating

he effort involved in mobile application testing (RQ2). For this purpose,

 Systematic Literature Review (SLR) is conducted following the guide-

ines provided [20] . After completion of systematic literature review, an

nline survey is conducted to answer RQ3, RQ4, and RQ5. The overview

f the research method can be depicted in Fig. 1 . 

. Conduct of systematic literature review (SLR) 

The guidelines provided by Kitchenham and Charters (2007) are fol-

owed for conducting Systematic Literature Review (SLR). SLR is a re-

earch manner for carrying out a literature review in an orderly way

f charting definite phases. SLR method drives through various phases

or performing literature review including specifying research questions,

dentification of search string and data sources, selecting studies, qual-

ty assessment, and data extraction and finally reporting the review.
57 
his literature review comprises studies reporting on characteristics of

obile applications and existing approaches on mobile application test

ffort estimation. SLR is conducted on 6 pertinent data sources using

ell-defined search criteria and retrieved mix of relevant and irrelevant

ublications. After performing a set of selection criteria and quality as-

essment, only 49 studies could be shortlisted for further analyses. 

.1. Research questions 

The motive of this SLR is to identify test effort estimation in mo-

ile applications. To get an answer from existing literature, SLR-RQ1 is

ormed. The second motive is to identify existing literature on test effort

stimation techniques for mobile apps. SLR-RQ2 yearns to find relevant

nswers for this motive. 

SLR-RQ1 What are different mobile application characteristics? 

SLR-RQ2 What are different mobile applications test effort estima-

ion techniques? 

.2. Search string and data sources 

The guidelines provided by Kitchenham and Charters (2007) are fol-

owed to define the search string by analyzing the main keywords in

Qs, synonyms of the keywords and on any other spellings of the words.

he search string for RQ1 and RQ2 are shown in Table 2 . 

The digital databases that were used to search the keywords are

pringerLink, IEEE Xplore, ACM Digital Library, Elsevier Science Direct,

esearch Gate, and CiteSeer. 

.3. Study selection process 

The next step is to apply the search string for SLR-RQ1 and SLR-RQ2

n all the selected electronic data sources to find the entailed studies.

he results from data sources are monitored to include search string in

itle and abstracts. The search string is again refined each time to check

he outcome and analyzed for better results. The results are restricted to

eer-reviewed conference papers, books and journal papers. The dupli-

ate titles and abstracts are removed. Then, a technique called snowball

racking is used for studying all the references of primary studies to ex-

loit further studies and increase the chances of inclusion of important

apers in the systematic literature review. This leaves us with relevant

52 studies. The resultant studies further undergo a selection process of

nclusion/Exclusion and Quality Assessment. 

.3.1. Inclusion/Exclusion criteria 

The results acquired through the various studies generated with the

earch string defined previously in the electronic databases were ana-

yzed according to the Inclusion/Exclusion criteria. Table 3 enlists the

nclusion and exclusion criteria. The studies are restricted to include

nly published in the English language. The evaluation of the papers is

one by reading the title and abstract first and checked if it is related

o the issues addressed in RQs. Then the decision is made for its accep-

ance for reading the whole paper or is rejected therein. Also, only one

opy of same study is included which is repeated in multiple sources

nd rest are excluded. The inclusion and exclusion criteria ended with

9 appropriate papers out of 452. 
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Fig. 1. Overview of research method. 

Table 2 

Search string for SLR-RQ1 and SLR-RQ2. 

No. Search string 

SLR-RQ1. ( “Mobile Application ” OR “Mobile software ” OR “Mobile App ” OR “Mobile project ”) 

AND ( “Characteristics ” OR “Features ” OR “Attribute ” OR “Factors ”) 

SLR-RQ2. ( “Mobile Application ” OR “Mobile software ” OR “Mobile App ” OR “Mobile project ”) 

AND ( “Test ∗ ” OR “verification ” OR “validation ”) AND ( “Effort ” OR “cost ” OR 

“resource ” OR “size ” OR “metric ”) AND ( “estimate ∗ ” OR “predict ∗ ” OR 

“assessment ” OR “forecast ∗ ” OR “calculate ∗ ” OR “sizing ” OR “ measure ∗ ”) AND 

( “Process ” OR “techniques ” OR “models ” OR “ approaches ”) 

Table 3 

Inclusion and exclusion criteria. 

Inclusion criteria Exclusion criteria 

Studies corresponding to mobile application features or characteristics The studies not published in English 

Studies focusing on test effort estimation of mobile applications Studies corresponding to mobile devices and not mobile applications 

Studies answering at least one research question Only one copy of same study is included which is repeated in multiple sources and rest are excluded 
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.3.2. Quality assessment 

After applying the inclusion and exclusion criteria, quality assess-

ent for each study is ensured. The quality assessment is achieved by

llotting scores to selected studies. A set of five assessment questions are

repared that can be answered either with score 1(Yes), 0.5(Partial) or

(No). The questions are listed below: 

Q1. Are the research motives clearly stated? 

Q2. Are the mobile app characteristics well defined? 

Q3. Is the test estimation context adequately portrayed? 

Q4. Are test estimation techniques for mobile apps well defined? 

Q5. Is the test estimation accuracy measured and described? 

The authors have performed the quality assessment of all the selected

rimary studies. Hereafter, 49 papers are designated to report two RQs.
58 
he scores of chosen studies are portrayed in Appendix A . 46 studies

re devoted for answering SLR-RQ1 and only 3 studies to address SLR-

Q2. Table 4 shows initial results from primary and secondary search

rocess and final selected studies after conducting Inclusion/Exclusion

nd quality assessment process. 

.4. Data extraction 

The data extraction phase involves the extraction of data from the

nal selected studies that address the peculiarities of RQs. The following

nformation is gathered in a data extraction form:- 

• Title of selected studies 

• Author 
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Table 4 

Data sources results from search string. 

Digital databases Initial results after conducting the primary 

and secondary search process 

Final studies after selection process 

SLR-RQ1 Search 

string 

SLR-RQ2 Search 

string 

SLR-RQ1 Search 

string 

SLR- RQ2 Search 

string 

SpringerLink 46 20 07 01 

ACM 51 31 09 None 

IEEE 84 46 16 01 

Science Direct 89 24 06 None 

Research Gate 21 None 07 None 

CiteSeer 32 08 01 01 

Sub-Total 323 129 46 03 

Total (before and after the final 

selection of studies for 

SLR-RQ1 and RQ2) 

452 49 

59%
27%

12%
2%

Type of Publication Sources

Conference
Proceedings
Journal

Book

Diploma Thesis

Fig. 2. Publication sources for selected studies. 
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• Year 

• Type of electronic data source 

• Source of publication 

• Study type 

• Main findings in the study (characteristics/method/tool support) 

• RQ addressed 

The data extraction for the finally chosen studies are done in an MS

xcel sheet and added in Appendix B in a table. 

.5. Results and discussion 

.5.1. Results overview 

This section defines the results stated from the systematic litera-

ure review questions. Fig. 2 shows the distribution of the chosen stud-

es based on the type of published sources. 29(59%) of chosen studies

re from conference proceedings, 13(27%) from peer-reviewed journals,

6(12%) from books and 01 (2%) diploma thesis is included. The distri-

ution of selected studies from different data sources is shown in Fig. 3 .

ut of the 49 studies, 17(35%) came from IEEE Xplore, ACM Digital

ibrary 09(19%), 08 studies (16%) came from SpringerLink, 07(14%)

tudies from Research Gate, 06(12%) from Elsevier Science Direct and

2(4%) from CiteSeer. Majority of the papers are from the year 2015,

012 and 2014. The distribution of selected studies according to the

ublished year can be seen in Fig. 4 . 

.5.2. Result reporting on SLR-RQ1-What are different mobile application 

haracteristics? 

The results from the Systematic Literature Review (SLR) recognized

4 characteristics in the majority of the chosen studies after passing all

he selection criteria from primary studies. Forty-six studies are com-

itted to answering SLR-RQ1 out of the total forty-nine selected studies.
59 
ig. 5 depicts a number of studies featuring these characteristics. Table 5

ists the characteristic along with a description of each characteristic 

.5.3. Result reporting on SLR-RQ2-What are different mobile applications 

est effort estimation techniques? 

The studies identified for answering SLR-RQ2 have adapted ver-

ion of models/techniques used for test estimation in other soft-

are(desktop/laptop) that are applied to the mobile domain. Though

esearch conducted on testing in mobile applications is available, very

ittle literature is published on the estimation of the testing in a mo-

ile application. The insufficient work done in mobile testing estimation

pace became the deriving factor of this research work. The comparison

f resultant studies for answering SLR-RQ2 is presented in Table 6 . 
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Table 5 

Identified mobile apps characteristics from literature review. 

Category Sub-category References Description of mobile app characteristic 

Usability Graphical user 

interface 

[21,22,31–34,23–30] Mobile devices have a small screen. Keeping the constraint in mind the app should be 

developed and tested well to check if it operates differently on varied screen size and 

orientation. 

Input interface means [2,21,40–49,22,28,32,35–39] The input to a mobile device can be through voice, touch, keypad, stylus, etc. The 

mobile app should be tested against varied means of input interfaces. 

Intervention [25,31,34,39,50–52] Interruptions such as receiving a message, battery low, in between calls occur when 

the mobile app is in use. The app should be tested for its behavior during these 

interruptions. 

Response time [23,25,56,57,32,34,37,38,47,53–

55] 

The mobile app should take minimum time to respond for any means of input. The 

time it takes for opening the app should be tested to increase its usability. 

Localization (sensors 

position) 

[2,21,25,29,32,34,39,45] Mobile apps can have sensors that respond when the mobile device moves such 

features make good user experience. It should be tested for such sensors appropriately. 

Efficiency Restricted RAM [2,25,34,35,37,53,57,58] Apps should be programmed and tested so that they exhaust less amount of RAM 

when they run on the mobile device. Large size mobile apps tend to run slow and 

further influence user experience 

Limited performance [2,25,48,50,53,54,56–

60,30,34,35,37,41,44,45,47] 

With limited capacity of processors; the mobile apps should be tested for its 

performance in conjunction with limited memory. 

Limited memory [2,23,47–50,53–

58,30,60,34,35,37,38,42,43,45] 

The internal memory of the mobile device is limited. The mobile app consumes a 

memory space when it is installed on the device. The developers should use such 

programming practices that allow development of small size apps. The testers should 

check how the app performs when the memory of the device reaches maximum 

memory limit 

Battery power [2,25,45,49,50,53,54,56–

58,60,61,30,32,34,35,37,41–43] 

Mobile devices have very limited battery life. The mobile apps should be developed in 

a way so they should consume less battery power. The app should be tested in a 

scenario when the battery is too low that how it behaves in this instance and should 

retain data integrity when the battery dies. 

Network Network availability [21,25,49,54–57,59,60,62–

64,26,29,32,34,36,38,41,43] 

Network availability varies, so apps should be developed and tested keeping this 

constraint in mind. It should be tested how it behaves when the user moves to the 

remote area when networks are not in range. 

Diverse connections [21,25,55–

57,59,62,63,65,31,36,38,43,49–

51,54] 

App should be tested on different connections such as Wi-Fi, Bluetooth, 3 G, 4 G, NFC, 

etc., so that it should be keeping up with all connections. 

Diverse 

Devices 

H/w and S/w 

portability 

[21,23,35,38,40–

45,49,51,24,52,55–

58,62,64,65,25,27–29,31–33] 

The app should be tested on maximum possible mobile devices so that it should not 

behave differently on varied devices. The apps are developed to run on multiple OS 

such as iOS, Windows, Android, Symbian etc. and should be properly tested for 

functionality on the varied OS. 

Type of mobile app [23,25,50,53–

56,65,27,34,37,38,40,43,45,49] 

Consideration on whether the app will run on the device only or on the web also, or is 

it a native or hybrid app? The development and testing of native, web and hybrid 

mobile application are different. So each one should be tested thoroughly depending 

on the type of app. 

Integration 

with other 

apps 

[32,34,45,50,52,54,56,65] There are some apps that run in integration with other apps. Testing should be done to 

check if mobile app integrates well with other apps on the user’s device or not 

60 
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Table 6 

Comparison of identified mobile test effort estimation techniques. 

Method Input to model Estimation attributes Effort measured in Accuracy measure Achieved accuracy Tool support 

Architecture-based 

model [18] 

Functional and 

quality attributes 

as model based 

specifications and 

formal 

specifications 

Time and cost Not defined Not defined N.A. No 

Based on the size and 

execution complexity 

of the test cases [66] 

Test specifications Size, execution 

complexity of tests, 

team experience, 

software stability, test 

environment 

conditions, time 

pressure 

Person-Hour MRE, MMRE, Pred(x) MMRE = 58.20% and 

Pred 

(0.25) = 51.97% 

Yes 

Modified use case point 

model [19] 

Different user 

scenarios 

Size, efficiency and risk 

factor 

Person-Hour Comparison of real 

efforts and estimated 

efforts 

2% deviation from 

actual test effort 

No 

 

s  

v  

m  

n  

s  

a  

h

 

i  

c  

o  

v  

o

 

a  

a  

i  

p  

p  

t

3

 

p  

a  

S  

c  

R

 

a  

p  

f  

t  

d  

fi  

a  

r  

u

 

m  

e  

m  

d  

d  

b  

i  

A  

s  

i  

t

4

 

c  

f  

l  

e  

v  

i  

T

 

 

 

4

 

v  

b  

w  

p  

“  

3  

F  

e  

T  

o  

m  

q  

r  

f  

e  

a  

t  

p  

i  

m

An estimation model for the test execution effort based on the test

pecifications was proposed by [66] . For that, the authors define and

alidate a measure of size and execution complexity of test cases. This

easure was obtained from test specifications written in the controlled

atural language. Then they evaluated the model through an empirical

tudy on the mobile application domain, whose results suggested an

ccuracy improvement when compared with estimation based only on

istorical test productivity. 

A framework proposed by [18] for estimation of testing and reliabil-

ty in mobile applications is based on the architecture model. The team

onducted a case study with two organizations to find the pros and cons

f conventional testing estimation techniques. The findings from the sur-

ey helped them in proposing the new framework. But the applicability

f the proposed method is not further explored in their paper. 

A use case point estimation method for test estimation in an agile

pproach to software development is proposed in [19] . The authors have

dded a new layer of the efficiency of the testing team and risk factor

n existing use case model. A case study was performed on four real

rojects, out of which two were mobile applications. The results of the

roposed model presented better estimates for test effort as compared

o unmodified use case point method. 

.5.4. Discussion 

The results from SLR for answering research question SLR-RQ1 re-

orted fourteen characteristics of mobile apps. Testing of the mobile

pp on “Different mobile OS and devices ” as of concerning H/w and

/w portability is identified in most studies. The second most reported

haracteristic is “different mobile connections ” and “Limited memory ”.

est of the characteristics is discussed in Table 5 . 

As for estimation on testing of the mobile app, these identified char-

cteristics may or may not affect the test estimation process. The im-

act of each characteristic while performing test estimation can range

rom being negligible to highly significant. A survey on investigating

he impact of mobile app characteristics, accumulated from mobile app

evelopers and testers can be beneficial to accomplish this task. The

ndings for SLR-RQ1 clearly state how these mobile app characteristics

re different from traditional software. But test estimation techniques

eported in SLR-RQ2 does not consider these important characteristics

ndertaking the estimation process. 

SLR-RQ2 results in reporting only few test estimation techniques of

obile apps. The identified studies present techniques/models for test

ffort estimation in the mobile domain. None of the studies consider

obile app characteristics for estimation. This can serve as a future

irection when investigated in the mobile domain for proposing a stan-

ardized model and validate the estimation results of the model on mo-

ile apps. For measuring the accuracy of identified estimation models

n mobile app domain, statistical measure MMRE and Pred(x) are used.
61 
lso, the estimated results are compared with actual test effort to mea-

ure the accuracy of the model. The tool support for test effort estimation

s reported in only one study. Two identified studies out of three states

he measurement of test effort in terms of Person-Hour. 

. Conduct of survey 

Section 3 provided the necessary background mainly 14 mobile app

haracteristics and test effort estimation techniques which are required

or conducting the survey. The goal of the survey is to identify the prob-

ems encountered by testers while incorporating prevalent test effort

stimation techniques for mobile apps and their suggestions for impro-

ising the estimation process. Also, the identified mobile app character-

stics in Section 3 are examined from the software industry perspective.

o achieve this goal following RQs are formed: 

RQ3. What are different issues and challenges faced by testers for

estimating the testing effort of mobile applications? 

RQ4. What are the recommended practices to overcome the chal-

lenges of estimating the testing effort of mobile applications? 

RQ5. How do mobile specific characteristics affect the testing effort

estimation process? 

.1. Designing and conducting the survey 

The design of a questionnaire for conducting the online sur-

ey was based on existing literature and consulting experts in mo-

ile application development and testing area. The questionnaire

as first given a pilot run before it was sent to the partici-

ants. The questionnaire was forwarded as a Google form link

https://goo.gl/forms/jP1PlkEs2MR9OH9x2 ” via email to more than

00 developers and testers for volunteer participation in the survey.

or selecting the emails; social sites like LinkedIn, Facebook, etc. are

xplored for those working in the software industry with experience.

his task seems to be time-consuming as it was hard to convince friends

n social sites and also to get e-mail IDs of their friends working in the

obile software domain. Secondly, respondents considered filling the

uestionnaire as a “waste of time ” task in their hectic schedule. So

epeatedly reminders were sent through emails and frequent calls to

riends were made to get the work done. The survey questions were cat-

gorized into four parts. Questions related to the profile of respondents

nd their organization, Mobile Application Testing Estimation Ques-

ions, Mobile Application Development & Testing and finally Mobile Ap-

lication Characteristics influence on test estimation. The questionnaire

s added in Appendix C . A total of 87 + responses were received from

obile application development and testing domain. 

https://goo.gl/forms/jP1PlkEs2MR9OH9x2
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Table 7 

Numerical scale [67] . 

Definition Intensity of importance 

Extremely important 98 

Very Strongly more important 76 

Strongly more important 54 

Moderately more important 32 

Equally important 1 

Table 8 

RI of judgment matrix from 2 to 15 given by 

[72] . 

Matrix degree RI Matrix degree RI 

2 0.00 9 1.48 

3 0.58 10 1.49 

4 0.90 11 1.51 

5 1.12 12 1.48 

6 1.24 13 1.56 

7 1.32 14 1.58 

8 1.41 15 1.59 
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Fig. 6. Percentage of participants from different organizations. 
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.2. Introduction to AHP 

In this paper, the Analytic Hierarchy Process (AHP) is used for de-

iving weights for each identified mobile app characteristic based on

he influence rating collected from various respondents. AHP was in-

roduced by [67] that helps in the decision-making process by deriving

eighting scales using the pairwise comparisons and relies on expert

udgments. The choice of AHP over other Multiple-Criteria Decision

nalysis (MCDM) methods [68] is due to its simplicity, transparency,

nd capacity to integrate a large amount of heterogeneous data. There

re many applications of AHP for deriving weights [69–71] . AHP in-

ludes consistency checking of the decision maker’s evaluations which

elp in reducing the bias in the decision making process as proposed

nd validated by various authors [67,72–75] . The method followed in

HP is shown in the following steps:- 

(1) Formation of hierarchy model: – A decision-making problem is

broken down into a series of factors (Criteria) that builds the hi-

erarchy model. At the top of the hierarchy is objective and on the

bottom is a decision to be taken (i.e. alternatives). 

(2) Formation of judgment matrix: – Elements in Judgment matrix

are a relative priority of each factor with respect to the other

using a numerical scale developed by [67] as shown in Table 7 . 

(3) Checking for consistency: – There may be inconsistency in the

judgment matrix. Consistency ratio (CR) is used to check ev-

ery judgment matrix for consistency. The consistency ratio (CR)

should not exceed 0.1, else the matrix is not considered to have

acceptable consistency [72] . To calculate the Consistency Ratio

(CR) formula is: 

CR = CI∕RI (1)

where Consistency Index (CI) is calculated as: 

I = ( 𝜆max − 𝑛 )∕ 𝑛 − 1 (2)

In the above Eq. (2) , 𝜆max or principle eigenvalue of a matrix is calcu-

ated as follows; first, a consistency matrix is calculated by multiplying

air-wise matrix by weight matrix. The weighted sum matrix is then

ivided with criterion weight. Finally, 𝜆max is calculated by averaging

he value of consistency matrix [72,73] . ‘ n ’ is the number of compared

actors. Random index (RI) is dependent on the matrix degree. Table 8

hows RI for matrix degree < = 15. 

The introduction to AHP was necessary to provide background

nowledge for analyzing RQ5 results. 
62 
.3. Results from survey 

.3.1. Participants overview 

Figs. 6–10 show the participants basic nature and their organization

rofile. All the values in figures are shown in percentage. Maximum

esponses were received from TCS organization covering (19%) and

12%) participants from Edge Info ways Pvt. Ltd. It can be noted that

91%) participants are from India and (4%) is from Canada and rest

re from the USA, UK, Russia, and Australia. The maximum response

37%) is from organizations with more than 5000 employees. As the

articipants are from the software engineering field and our target was

o collect a questionnaire from only testers, but some organizations have

o separate team for testers. Members from the development team are

nvolved in the testing phase as well for mobile apps. The maximum

esponse is from participants who are either mobile app developer (23%)

r tester with (17%) participation. Rests of the other participants are

ith different roles related to testing only in their organizations. Out of

ll the participants, 62% exclusively deal with estimation of testing for

obile applications. 

.3.2. Responses regarding mobile application development and testing 

stimation 

This subsection presents general information on mobile application

evelopment and testing estimation prevalent in software industries.
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Fig. 7. Percentage of participants from different countries. 
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Fig. 8. Percentage of the participants in a survey by the size of the organization. 
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igs. 11 –20 summarize the responses based on a questionnaire and are

eported as follows: 

• Mobile apps are developed in different programming languages.

Most of the respondents have experience in developing and testing

mobile apps in Java (31%) as shown in Fig. 11 . 

• There are many platforms on which mobile apps can run. To rat-

ify that the issues recognized were not explicit to a particular plat-
63 
form only, the survey was extended to users of all platforms. Fig. 12

presents the categorization of participants by platform. As can be

seen from Fig. 12 that Android (45%) and iOS (36%) are dominat-

ing mobile operating system for which mobile apps are developed

and tested. 

• The majority of the respondents have experience in developing and

testing mobiles apps related to Business (12%) and Health Care

(11%) as presented in Fig. 13 . 

• Foremost focus of respondents was on covering Unit testing (27%)

and User Acceptance Testing (26%) followed by Integration (24%)

and System testing (23%) for mobile applications as seen in Fig. 14 .

• The major emphasis of respondents is on functional testing (17%)

and performance testing (14%) Usability Testing (13%) and rest of

testing include compatibility (12%), regression (12%), and security

testing (12%). Fig. 15 shows the respondents prominence on the type

of testing performed on mobile apps. 

• Fig. 16 shows that highest responses were received for testing the

mobile app on Real Devices (51%), on Emulator (35%) and only

(14%) perform testing on Cloud. 

• From Fig. 17 , it can be analyzed that (64%) of participants find the

estimation of testing for mobile applications different from other

software. 

• The most important observation from the survey is the identification

of existing testing estimation methodology used for conventional

software is primarily being adapted to the mobile application do-

main. From Fig. 18 , it can be clearly analyzed that organizations

are most comfortable in working with Function Point/Test Point
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Analysis method (34%). Work Breakdown Structure (20%) is the

second choice and expert judgment (14%) and use case point (13%)

being third and fourth respectively. This analysis will further help in

improving the most prevalent current testing estimation methodol-

ogy by incorporating mobile app specific characteristics. 

• (45%) respondents consider current estimation method followed

in their organization is 21–50% incorrect in providing estimations

when compared to the actual effort. (44%) respondents believe esti-

mations are accurate from 51% to 80%. (10%) think they are 20% or

less accurate and (1%) think they are not accurate at all. None of the
64 
respondents considers that the current estimation method provides

100% accuracy ( Fig. 19 ). 

• Fig. 20 depicts that (90%) respondents do not use any tool for the

testing estimation of mobile apps. The remaining (10%) are using

tools. Out of these (10%) remaining, (4%) used Appium [76] an au-

tomation tool for running scripts and testing native applications and

mobile-web applications on Android or iOS using a web driver. We

are afraid that the respondent had misjudged the question and an-

swered for a question like if they are using any tool for mobile app

testing. Same can be said for remaining (6%) as they have named

crash analytics which is a crash reporting tool used for testing pur-

pose only. Tableau [77] , another reported tool is otherwise a Busi-

ness Intelligence Tool used for data visualization. Another answer
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Fig. 16. The testing strategy followed for mobile apps. 
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related to the testing estimation tool for a mobile app was Quality

Center/JIRA. According to [78] , Quality Center is a quality manage-

ment/test management tool and JIRA is full featured test manage-

ment, ability to create, plan and execute tests and Quality metrics

tracking tool. None of them were test estimation tools. We were so

much interested in getting an answer to this question, as there was no

tool available in prevalent websites or literature for test estimation

of mobile apps. Though there were many tools available for mobile

application development estimation. 

.3.3. Answering RQ3-What are different issues and challenges faced by 

esters for estimating the testing effort of mobile applications? 

This subsection presents the survey study results showing most pro-

ruding challenges confronted by mobile app testers for estimation in

arious organizations. The challenges which were testified by respon-

ents are described as follows: 

Uncertain requirements: – Respondents believe that Requirements &

cope of App keeps on changing during development and testing. One

ssue reported by a respondent that testing estimation is sporadically un-

erestimated or overestimated or sometimes it is as per estimate. Reason

or more than the estimated time is the app is not developed correctly

s it is mentioned in Product Requirement Document (PRD). Sometimes

he requirement of Clients is misunderstood and there are Unrealistic

eadlines. The estimation goes off the beam due to dependencies or

lockers. 

No tool support: – There is no option available for choosing automa-

ion of testing estimation. 

Low-quality App development: – The Testing process becomes tedious

ue to the low-quality development of the app. 
65 
Uncertain risks: – There are always some uncovered risks and sce-

arios involved. Another respondent reported regarding the application

nstability due to validation of test data. 

Client miscommunication : – Sometimes there is a miscommunication

ith a client which led to improper estimation time. There is no ac-

ounting for software glitches and improper client communication. 

Complexity in testing: – The major issue according to three respon-

ents was testing for different devices on a different platform. Another

ajor issue was that sometimes testing itself fails at a certain level. One

eported concern was, either the testing has not been done properly or

stimate was incorrect. There may exist incompatible API’s version or

nhandled exceptions. 

Inexperienced staff: – One respondent conveyed that there is a lack of

eal knowledge for testing estimation. 

.3.4. Answering RQ4-What are the recommended practices to overcome 

he challenges of estimating the testing effort of mobile applications? 

There were some suggestions to improve the testing estimation pro-

ess. The suggestions which were recommended by many respondents

re listed below: 
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Fig. 20. Usage of a tool for test estimation for mobile apps?. 
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App1 App2

F15

F14 F24F23

F21

F13

F12F11 F41F32F31F22 F42

F1 F2 F5F4F3

Mobile App Testing Estimation Factors

F1: Usability F2: Efficiency
F3: Network              F4: Diverse Devices 
F5: Integration with other Apps
F11: GUI F12: Input Means
F13: Intervention   F14: Response Time
F15: Localization
F21: Restricted RAM F22: Limited Performance    
F23: Limited Memory F24: Battery Power
F31: Network Availability F32: Diverse Connections    
F41: H/w & S/w Portability F42: Type of App

Fig. 21. Hierarchy model. 

Table 9 

Judgment matrix of factors in 3rd level to F1 in 2nd level. 

F1 F11 F12 F13 F14 F15 Weights Importance 

F11 1 2 5 2 7 0.39 39% 

F12 0.5 1 4 0.5 6 0.21 21% 

F13 0.2 0.25 1 0.2 3 0.07 7% 

F14 0.5 2 5 1 7 0.29 29% 

F15 0.14 0.16 0.33 0.14 1 0.04 4% 

Λmax = 5.150, CI = 0.037, CR = 0.033 < 0.01(Consistent) 
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Quality of development: – Proper build should be provided to the

ester. 

Freezing of requirements: - Many respondents stated that App should

e defined as per Product Requirement Document (PRD) and should

e clear. The requirements should freeze and not be changed during

evelopment and testing. 

Healthier communication: – Communication between client and devel-

pers and also between developer and tester should be healthy. Develop-

ent and testing team can sit together to discuss the areas for regression

esting beforehand so that testers won’t have to regress the entire App.

nother respondent said that there should be healthier communication

ith clients and use some software for performing estimation. 

Tool support for test estimation: – There should be an automated tool

or estimating the testing process. One suggestion was to use a Bug tool.

Proper test planning: – The Planning for testing of apps should be done

roperly. Planning of entire module testing like time, cost, persons, and

igh configuration devices with good RAM and processors is required.

esting Time should be properly estimated to ensure on-time deliveries.

Agile methodology: – The agile methodology should be adopted for

evelopment and the entire testing process. 

Different methods of test estimation: – Testers should gain a thorough

nowledge of each module and then note down high-level scenarios,

nd finally estimate the number of test cases for the same. One contrib-

tor to the survey suggested estimating based on the number of cases

ultiplied by environments. The Expert Judgment and quality of devel-

pment plays a vital role. The team should keep a historical record and

hould use it for analysis. Also, Expert Feedback should be taken every

ime. 

Preparation to handle inherent risks: - The developer and tester should

e aware of the inherent risks. The test team should be prepared be-

orehand in case of any medical emergency of its members. Immediate

locker issues should be fixed if any occur during testing. 

.3.5. Answering RQ5-How do mobile specific characteristics affect the 

esting effort estimation process? 

The extent of influence of mobile application characteristics on the

esting estimation is collected in the range from ‘No effect’ to ‘Very High

ffect’. The results obtained from respondents will be helpful in estimat-

ng to what extent particular characteristic may affect the testing esti-

ation process. Then these findings can be used for altering the existing

onventional testing estimation methods for mobile software. The per-

entage influence according to responses for each characteristic is fur-

her used for deriving weights using the Analytical Hierarchical Process

AHP). The introduction to the AHP method is presented in Section 4.2 .

he application of AHP is shown below:- 

(1) Formation of hierarchy model: – Fig. 21 shows the hierarchy

model for mobile app testing estimation factors whose weight

assignment is the objective and App1, App2 are alternatives for

which weights of different factors are to be considered. 
66 
(2) Formation of judgment matrix: – The judgment matrix can be

constructed based on factors (F1–F5) by pairwise comparison of

those sub-factors immediately below it (e.g. for F1 Factor the sub-

factors are F11, F12, F13, F14, F15). 

The Tables from 9 to 14 show the judgment matrix for the 3rd level

o 2nd level and 2nd level to 1st level. The weight column in each table is

alculated in 2 steps. First, each value in the matrix is divided by the sum

f its column to generate a normalized comparison matrix. Secondly,

he mean of each row is calculated. This gives the weight value for each

ow and is normalized as their sum is 1. The importance of each factor

s shown in the last column in the Tables from 9 to 14 . 

(3) Checking for Consistency: – 𝜆max for every judgment matrix is

hown in the last row of Tables 9 –14 along with values of CI and CR.

he result of applying AHP is the level of importance and weight for

ach factor as shown in Tables from 9 to 14 . 
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Table 10 

Judgment matrix of factors in 3rd level to F2 in 2nd level. 

F2 F21 F22 F23 F24 Weights Importance 

F21 1 0.2 0.2 0.5 0.07 7% 

F22 5 1 0.5 4 0.33 33% 

F23 5 2 1 5 0.49 49% 

F24 2 0.25 0.2 1 0.11 11% 

Λmax = 4.060, CI = 0.020, CR = 0.022 < 0.01 (Consistent) 

Table 11 

Judgment matrix of factors in 3rd level to F3 in 2nd level. 

F3 F31 F32 Weights Importance 

F31 1 6 0.86 86% 

F32 0.16 1 0.14 14% 

Λmax = 1.979, CI = − 0.020, CR = 0 < = 0.01 (Consistent) 

Table 12 

Judgment matrix of factors in 3rd level to F4 in 2nd level. 

F4 F41 F42 Weights Importance 

F41 1 0.5 0.33 33% 

F42 2 1 0.67 67% 

Λmax = 2, CI = 0, CR = 0 < = 0.01 (Consistent) 

Table 13 

Judgment matrix of factors in 3rd level to F5 in 2nd level. 

F5 F5 Weights Importance 

F5 1 1 100% 

Λmax = 1, CI = 0, CR = 0 < = 0.01 (Consistent) 

Table 14 

Judgment matrix of factors in 2nd level to 1st Level. 

F1 F2 F3 F4 F5 Weights Importance 

F1 1 2 0.5 0.33 3 0.16 16% 

F2 0.5 1 0.33 0.25 2 0.10 10% 

F3 2 3 1 0.5 4 0.26 26% 

F4 3 4 2 1 5 0.42 42% 

F5 0.33 0.5 0.25 0.2 1 0.06 6% 

Λmax = 5.064, CI = 0.0160, CR = 0.0143 < 0.01 (Consistent) 
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.3.6. Discussion 

The survey assists in addressing real challenges and suggestions from

obile app developers and testers. The objective of the survey study was

o identify how applicability of traditional testing estimation methods

o the mobile domain is affecting the testing process. Also, the charac-

eristic identified in SLR is further investigated in the industry through

 survey. From the survey, the challenges and suggestions reported in

ections 4.3.3 and 4.3.4 seem to be common partially for desktop/laptop

nd for mobile apps too. The motive of the survey was to identify

hether the literature findings of SLR-RQ1 is also reported from an in-

ustrial perspective as a suggestion or a challenge. Also, one challenge

eported by a respondent that there is a lack of real knowledge for test

stimation in case of mobile software. So from this challenge, it can be

oncluded that the origin of the disparity between estimation and actual

ffort is unclear to testers due to lack of knowledge. From RQ4, which

orms its basis from answers of SLR-RQ1, we have tried to extract the

nfluence of mobile app specific characteristics on test estimation. The

ndings of the survey study show that there is a need for a dedicated

esting estimation method that considers mobile app specific character-
67 
stics. For this, the influence of each characteristic on testing estimation

s congregated from the experts. Analytical Hierarchical Process (AHP) is

hen used for assigning weights to identified mobile app characteristics.

t is expected that the estimation results will improve after considering

he weight of each factor in test estimation of mobile software. 

. Threats to validity 

In this paper threats that can affect the validity of the results are

iscussed. The threats related to conducting of SLR and conduct of the

urvey are presented in this section. 

.1. Systematic literature review (SLR) 

The main validity threat in SLR is an incomplete set of final studies

or further investigation. To mitigate this threat a systematic method is

ollowed as proposed by [20] . The selection of search strings is based

n the research questions and applied to digital data sources. The re-

ultant studies from data sources were further refined by using inclu-

ion/exclusion criteria and quality assessment. The studies reported

nswering SLR-RQ2 was very less in number. The search results specif-

cally lack to cover ‘test effort estimation’, otherwise mere ‘effort es-

imation’ in mobile application resulted in numerous publications. So,

ollowing the exclusion criteria, only three studies passed for final se-

ection. 

The mobile application characteristics reported in results tried to

onclude maximum features from selected studies but there may be oth-

rs which can be further investigated as the list is not exhaustive. The

uthors tried to summarize the findings of SLR from different aspects of

stimation techniques but still, it might miss the in-depth analysis of the

esults. 

.2. Survey 

The first threat is in constructing the questions for the questionnaire.

his is concerned with how well the questions address the problem at

and. Authors have designed the survey questions based on their expe-

ience and from a literature review in mobile application development

nd testing. To increase the proficiency of addressing the RQs in the

tudy, the authors also consulted three experts in the field of mobile

pplication development and testing. After designing the questionnaire,

he feedback was collected from colleagues and pilot run was conducted

o check if the participants understand the questions easily. 

Second threat concerns with data collection and extraction. In order

o avoid errors while gathering data in the questionnaire, the Google

orm feature was used to extract the data from.CSV files and import it

nto the Excel sheets that were used for statistical analysis. So, chances

f feeding human errors by typing can be minimal, but can’t be said

nything about those recorded by respondents themselves. 

The third threat is regarding questions asked in the online survey

an be misinterpreted by respondents, which may further influence the

esults. To alleviate this threat a discussion among authors and then with

xperts in the field was performed. Some suggestions and improvements

ecommended by experts were later instigated to lessen the chances of

isinterpretation. 

The fourth threat to the survey study is a low response rate. Many

articipants were not willing to disclose organization detail due to com-

any policy and were difficult to convince that they are not being asked

or any private organization details that could harm them in any way.

o, the responses presented are not sufficient to generalize the results.

ut, they cannot be ignored, as they were from professional testers and

evelopers. 

. Related work 

According to the best of our insight, there is no systematic literature

eview (SLR) performed on test effort estimation in the area of mobile
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pplications. Likewise, there is no survey performed that specifically

ocuses on mobile application test estimation. However, literature re-

iew and survey publications exist that focus on how mobile applica-

ions are different from other software. But unlike approach followed

n this paper, others have not done it systematically (not following SLR

pproach). 

. Conclusion and future remarks 

The paper presented a Systematic Literature Review (SLR) and an

nline survey conducted with industry professionals. It aims to find an-

wers to five research questions on mobile app test effort estimation.

wo RQs are answered through SLR focusing on differing mobile apps

rom other software and reporting techniques for test effort estimation

n mobile apps. The results from SLR presented 14 mobile app char-

cteristics and their implication on testing and only three studies are

eported addressing the test estimation techniques. None of the three

eported studies consider mobile app characteristics in test estimation

hich further opens future research avenues. The other three RQs were

nswered by means of a survey. The survey questions were concerned

ith the issues and challenges faced by developers and testers for the

obile application testing estimation process. The influence of mobile

pp characteristics identified in SLR is reflected from an industrial per-

pective. The challenges presented in the paper can be counted as prob-

ble research topics in mobile application testing estimation process. It

annot be claimed that the list of challenges and issues presented are

xhaustive, but they can be considered as a reference point by practi-

ioners and stakeholders for extending their prospects. For future work,

ew improved model considering these characteristics can be proposed

nd validated on some mobile applications of an organization. 

thics approval and consent to participate 

All procedures performed in studies involving human participants

ere in accordance with the ethical standards of the institutional and/or

ational research committee and with the 1964 Helsinki declaration and

ts later amendments or comparable ethical standards. Informed consent

as obtained from all individual participants included in the study. 
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ppendix A. Quality assessment scores. 

Study ID Reference to 

study ID 

RQ 

addressed 

Q1 Q2 Q3 Q4 Q5 Total 

scores 

[S1] [59] RQ1 1 1 0 0 0 2 

[S2] [47] RQ1 1 1 0 0 0 2 

[S3] [54] RQ1 1 1 0 0 0 2 

[S4] [55] RQ1 1 1 0 0 0 2 

[S5] [44] RQ1 1 1 0 0 0 2 

[S6] [64] RQ1 1 1 0 0 0 2 

[S7] [45] RQ1 1 1 0 0 0 2 

[S8] [50] RQ1 1 1 0 0 0 2 

[S9] [48] RQ1 1 1 0 0 0 2 

[S10] [56] RQ1 1 1 0 0 0 2 

[S11] [53] RQ1 1 1 0 0 0 2 

[S12] [62] RQ1 1 1 0 0 0 2 

[S13] [35] RQ1 1 1 0 0 0 2 

[S14] [57] RQ1 1 1 0 0 0 2 

[S15] [65] RQ1 1 1 0 0 0 2 

[S16] [41] RQ1 1 1 0 0 0 2 

[S17] [46] RQ1 1 1 0 0 0 2 

[S18] [36] RQ1 1 1 0 0 0 2 

[S19] [51] RQ1 1 1 0 0 0 2 

[S20] [37] RQ1 1 1 0 0 0 2 

[S21] [21] RQ1 1 1 0 0 0 2 

[S22] [23] RQ1 1 1 0 0 0 2 

[S23] [22] RQ1 1 1 0 0 0 2 

[S24] [42] RQ1 1 1 0 0 0 2 

[S25] [32] RQ1 1 1 0 0 0 2 

[S26] [34] RQ1 1 1 0 0 0 2 

[S27] [63] RQ1 1 1 0 0 0 2 

[S28] [38] RQ1 1 1 0 0 0 2 

[S29] [24] RQ1 1 1 0 0 0 2 

[S30] [33] RQ1 1 1 0 0 0 2 

[S31] [60] RQ1 1 1 0 0 0 2 

[S32] [27] RQ1 1 1 0 0 0 2 

[S33] [43] RQ1 1 1 0 0 0 2 

[S34] [31] RQ1 1 1 0 0 0 2 

[S35] [2] RQ1 1 1 0 0 0 2 

[S36] [52] RQ1 1 1 0 0 0 2 

[S37] [26] RQ1 1 1 0 0 0 2 

[S38] [49] RQ1 1 1 0 0 0 2 

[S39] [58] RQ1 1 1 0 0 0 2 

[S40] [25] RQ1 1 1 0 0 0 2 

[S41] [61] RQ1 1 1 0 0 0 2 

[S42] [39] RQ1 1 1 0 0 0 2 

[S43] [28] RQ1 1 1 0 0 0 2 

[S44] [29] RQ1 1 1 0 0 0 2 

[S45] [40] RQ1 1 1 0 0 0 2 

[S46] [30] RQ1 1 1 0 0 0 2 

[S47] [18] RQ2 0 0 1 1 1 3 

[S48] [66] RQ2 0 0 1 1 1 3 

[S49] [19] RQ2 0 0 1 1 1 3 
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A

Source of publication Study type Characteristic identified 

Research Gate Review Limited CPU, Diverse Mobile 

Connections, Network 

Availability 

ACM Review Response time, Limited Memory, 

Limited CPU, Input Interface 

Means 

IEEE A survey Limited Memory, Limited Battery 

power, Limited CPU, Diverse 

Mobile Connections, Network 

Availability, Response Time, 

Integration with other Apps 

Different application types 

(Native, Hybrid, Web) 

IEEE Experimental Limited Memory, Diverse Mobile 

Connections, Different 

application types, Diverse 

operating systems (software), 

Diverse devices(hardware), 

Network Availability, Response 

Time 

ACM Review Input Interface Means, Limited 

CPU, H/w and S/w Portability 

IEEE Experimental Diverse operating systems 

(software), Diverse 

devices(hardware), Network 

Availability 

ACM Review Limited CPU, Limited Memory, 

integration with other 

applications, 

Localization(sensors position), 

Different application types 

(Native, Hybrid, Web), Diverse 

operating systems (software), 

Diverse devices(hardware), 

Input Interface Means, Limited 

Battery power 

ACM Review Limited Memory, Limited Battery 

power, Limited CPU, Diverse 

Mobile Connections, Different 

application types (Native, 

Hybrid, Web), Intervention, 

Integration with other Apps 

IEEE Experimental Limited Memory Limited CPU, 

Input Interface Means 

ACM Review Limited Memory, Limited Battery 

power, Diverse Mobile 

Connections, Different 

application types, Diverse 

operating systems (software), 

Diverse devices(hardware), 

Integration with other Apps, 

Network Availability, Response 

Time, Limited CPU 

( continued on next page ) 
ppendix B. Data extraction for SLR-RQ1. 

Study ID Title and author Year Reference Type of electronic 

data source 

[S1] Challenges, 

methodologies, and 

issues in the 

usability testing of 

mobile applications 

by Dongsong Zhang 

& Boonlit Adipat 

2005 [59] Journal 

[S2] Writing mobile code: 

essential software 

engineering for 

building mobile 

applications by Ivo 

Salmre 

2005 [47] Book 

[S3] Testing requirements 

for mobile 

applications by V. L. 

L. Dantas, F. G. 

Marinho, A. L. da 

Costa, and R. M. C. 

Andrade 

2009 [54] Conference 

Proceeding 

[S4] Performance testing of 

mobile applications 

at the unit test level 

by H. Kim, B. Choi, 

W. Eric Wong 

2009 [55] Conference 

Proceeding 

[S5] Software 

characteristics of 

m-learning 

applications by Boja 

C. and B ăt ăgan L., 

2009 [44] Conference 

Proceedings 

[S6] Mobile application 

development: 

essential new 

directions for IT by 

Chia-Chi Teng, R. 

Helps 

2010 [64] Conference 

Proceedings 

[S7] Software engineering 

issues for mobile 

application 

development by 

Wasserman 

2010 [45] Conference 

Proceedings 

[S8] Mobile application 

development: web 

vs. native by Andre 

Charland and Brian 

Leroux 

2011 [50] Journal 

[S9] A gui crawling-based 

technique for 

android mobile 

application testing 

by Amalfitano, D., 

Fasolino, A. R., & 

Tramontana, P. 

2011 [48] Conference 

Proceeding 

[S10] Software testing of 

mobile applications: 

challenges and 

future research 

directions by 

Muccini, H., A. Di 

Francesco, and P. 

Esposito 

2012 [56] Conference 

Proceeding 
69 
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Source of publication Study type Characteristic identified 

Research Gate Review Limited Memory, Limited CPU, 

Limited Battery power, Limited 

RAM, Different application 

types, Response Time 

IEEE Case study Diverse Mobile Connections, 

Diverse devices(hardware), 

Network Availability 

SpringerLink Implementation of a 

tool that does 

program analysis 

and testing for 

mobile applications 

Limited Memory, Limited Battery 

power, Limited CPU, Limited 

RAM, Input Interface Means, 

Diverse operating systems, 

Diverse devices 

IEEE Case study Limited Memory, Limited Battery 

power, Limited CPU, Limited 

RAM, Diverse Mobile 

Connections, Diverse devices, 

Diverse operating systems 

(software), Different 

application types(hardware), 

Network Availability, Response 

Time 

ACM Overview and Future 

Directions 

Diverse Mobile Connections, 

Different application types, 

Diverse operating systems, 

Integration with other Apps 

IEEE Survey Input Interface Means, Limited 

CPU, Network Availability, 

Diverse devices(hardware), 

Limited Battery power 

Research Gate Review Input Interface Means and sub 

categories (learnability, 

operability, attractiveness) 

IEEE Review Input Interface Means, Diverse 

Mobile Connections, Network 

Availability 

IEEE Cross-platform 

development tools 

comparison 

Diverse Mobile Connections, 

Diverse operating 

systems(Software), Diverse 

devices(hardware), 

Intervention 

SpringerLink Proposed quality 

model and quality 

attributes testing 

requirements for 

mobile applications 

Limited Memory, Limited Battery 

power, Limited CPU, Limited 

RAM, Input Interface Means, 

Different application types 

(Native, Hybrid, Web), 

Response Time 

( continued on next page ) 
Study ID Title and author Year Reference Type of electronic 

data source 

[S11] Software testing 

strategy for mobile 

phone by Guitao 

Cao, Jie Yang, Qing 

Zhou, and Weiting 

Chen 

2012 [53] Book 

[S12] Testing conformance 

of 

lifecycle-dependent 

properties of mobile 

applications by D. 

Franke, S. 

Kowalewski, C. 

Weise, and N. 

Prakobkosol 

2012 [62] Conference 

Proceedings 

[S13] Mobile applications 

software testing 

methodology by Kim 

HK. 

2012 [35] Book 

[S14] Activity page based 

functional test 

automation for 

android application 

by Lu, L., Hong, Y., 

Huang, Y., Su, K., 

Yan, Y. 

2012 [57] Conference 

Proceedings 

[S15] Mobile enterprise 

applications-current 

state and future 

directions by A. 

Giessmann, K. 

Stanoevska-Slabeva, 

and B. de Visser 

2012 [65] Conference 

Proceeding 

[S16] Factors influencing 

quality of experience 

of commonly used 

mobile applications 

by Selim Ickin et al. 

2012 [41] Journal 

[S17] Usability 

characteristics of 

mobile applications 

by Shamsudeen et al. 

2012 [46] Conference 

Proceedings 

[S18] Mobile application 

testing-challenges 

and solution 

approach through 

automation by B. 

Kirubakaran, V. 

Karthikeyani 

2013 [36] Conference 

Proceeding 

[S19] The survey, 

comparison and 

evaluation of 

cross-platform 

mobile application 

development tools 

by I. Dalmasso, S. K. 

Datta, C. Bonnet, 

and N. Nikaein 

2013 [51] Conference 

Proceeding 

[S20] Software quality 

testing model for 

mobile application 

by Liu Z., Hu Y., Cai 

L. 

2014 [37] Journal 
70 
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Source of publication Study type Characteristic identified 

Citeseer Review GUI, Input Interface Means, 

Diverse Mobile Connections, 

Diverse operating systems 

(software), Network 

Availability, 

Localization(sensors position) 

IEEE Experimental Limited Memory, GUI, Different 

application Types, Diverse 

operating systems (software), 

Diverse devices(hardware), 

Response Time 

IEEE Experimental GUI, Input Interface Means 

Research Gate Review Limited Battery power, Diverse 

devices(hardware), Diverse 

operating systems (software), 

Limited Memory, Input 

Interface Means 

Research Gate Survey Limited Battery power, Input 

Interface Means, GUI, Network 

Availability, Response Time, 

Diverse devices(hardware), 

Integration with other Apps, 

Localization(sensors position) 

SpringerLink Experimental Limited Battery power, GUI, 

Limited CPU, Network 

availability, 

Localization(sensors position), 

Limited memory, Limited RAM, 

H/w and S/w Portability, 

Different application types 

(Native, Hybrid, Web), 

Response time, Integration 

with other Apps, Intervention 

Research Gate Review and case study Diverse Mobile Connections, 

Network Availability 

SpringerLink A case study Limited Memory, Input Interface 

Means, Diverse Mobile 

Connections, Different 

application types, Diverse 

operating systems (software), 

Network Availability Response 

Time 

Research Gate A case study GUI, Diverse operating systems 

(software), Diverse 

devices(hardware) 

IEEE A case study for 

compatibility testing 

service for mobile 

apps 

GUI, Diverse operating systems 

(software), Diverse 

devices(hardware) 

IEEE Review and survey Limited Memory, Limited Battery 

power, Limited CPU, Network 

Availability 

IEEE Review Different application types 

(Native, Hybrid, Web), GUI, 

Diverse operating systems 

(software), Diverse devices 

(hardware), Localization 

(sensors position) 

( continued on next page ) 
Study ID Title and author Year Reference Type of electronic 

data source 

[S21] Criteria for selecting 

mobile application 

testing tools by 

Arzen š ek, Bo š tjan, 

and Marjan Heri čko 

2014 [21] Conference 

Proceeding 

[S22] Using combinatorial 

approaches for 

testing mobile 

applications by 

Vilkomir, Sergiy & 

Amstutz, Brandi. 

2014 [23] Conference 

Proceedings 

[S23] Pattern-based GUI 

testing for mobile 

applications by P. 

Costa, A. C. R. Paiva 

and M. Nabuco 

2014 [22] Conference 

Proceedings 

[S24] Modeling the mobile 

application 

development 

lifecycle by Tejas 

Vithani and Anand 

Kumar 

2014 [42] Conference 

Proceedings 

[S25] An investigation on the 

characteristics of 

mobile applications: 

a survey study by 

Harleen Kaur Flora 

et al. 

2014 [32] Journal 

[S26] Mobile application 

development: how 

to estimate the 

effort? By De Souza, 

Silva L., and de 

Aquino G.S 

2014 [34] Book 

[S27] Testing techniques for 

mobile device 

applications by 

Göth, B. R. 

2015 [63] Diploma Thesis 

[S28] Mobile application 

testing in industrial 

contexts: an 

exploratory multiple 

case-study by Zein 

S., Salleh N., Grundy 

J. 

2015 [38] Book 

[S29] Mobile application 

testing matrix and 

challenges by B. 

Amen, M. Sardasht, 

and J. Lu. 

2015 [24] Conference 

Proceeding 

[S30] Compatibility testing 

service for mobile 

applications by 

Zhang T, Gao J, 

Cheng J, Uehara T. 

2015 [33] Conference 

Proceedings 

[S31] A survey on mobile 

users’ software 

quality perceptions 

and expectations by 

Nitze Andre, 

Schmietendorf 

Andreas 

2015 [60] Conference 

Proceedings 

[S32] Reviews on agile 

methods in the 

mobile application 

development process 

by Dewi, M.M, Nur 

Atiqah Sia, A. 

2015 [27] Conference 

Proceedings 
71 
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Source of publication Study type Characteristic identified 

IEEE Review Interaction with other 

applications, Limited Memory, 

Input Interface Means, Diverse 

Mobile Connections, Different 

application types, Diverse 

operating systems (software), 

Network Availability, Limited 

Battery power, Diverse 

devices(hardware) 

SpringerLink Review GUI, Diverse Mobile Connections, 

Diverse operating systems 

(software), Intervention 

Science Direct Review Limited Memory, Limited Battery 

power, Limited CPU, Limited 

RAM, Input Interface Means, 

Diverse operating systems 

(software) 

SpringerLink Survey on 

model-driven 

approaches to the 

development of 

mobile apps 

Diverse operating systems 

(software), Diverse 

devices(hardware), Integration 

with other Apps, Intervention 

ACM Review and survey GUI, Network Availability 

Science Direct Survey and 

Experimental 

Limited Memory, Input Interface 

Means, Diverse Mobile 

Connections, Different 

application types, Diverse 

operating systems (software), 

Network Availability, Limited 

Battery power 

Science Direct Experimental Limited Memory, Limited Battery 

power, Limited CPU, Limited 

RAM, Diverse operating 

systems (software), Diverse 

devices(hardware) 

IEEE Proposal Limited Battery power, Limited 

CPU, Limited RAM, GUI, 

Diverse Mobile Connections, 

Different application types, 

Diverse Operating systems 

(software), Diverse 

devices(hardware), 

Intervention, Network 

Availability, Response Time, 

Localization(sensors position) 

ACM Estimation tool for 

energy consumption 

Limited Battery 

ACM Experimental Localization(sensors position), 

Intervention, Input Interface 

Means 

( continued on next page ) 
Study ID Title and author Year Reference Type of electronic 

data source 

[S33] Mobile testing in 

software industry 

using agile: 

challenges and 

opportunities by A. 

Santos and I. 

Correia, 

2015 [43] Conference 

Proceedings 

[S34] Software assurance 

practices for mobile 

applications A 

survey of the state of 

the art by Luis 

Corral et al. 

2015 [31] Journal 

[S35] A systematic mapping 

study of mobile 

application testing 

techniques by S. 

Zein, N. Salleh, and 

J. Grundy 

2016 [2] Journal 

[S36] Model driven 

development 

approaches for 

mobile applications: 

a survey by 

Umuhoza E., 

Brambilla M. 

2016 [52] Book 

[S37] Quality assurance of 

mobile applications: 

a systematic 

mapping study by 

Konstantin Holl and 

Frank Elberzhager. 

2016 [26] Conference 

Proceedings 

[S38] An approach for 

evaluating and 

improving the test 

processes of mobile 

application 

developments by 

Konstantin Holl, 

et al. 

2016 [49] Journal 

[S39] An empirical analysis 

of energy 

consumption of 

cross-platform 

frameworks for 

mobile development 

by Matteo Ciman, 

Ombretta Gaggi, 

2017 [58] Journal 

[S40] A new method for 

mobile application 

testing using lean 

canvas to improving 

the test strategy by 

P. Nidagundi and L. 

Novickis 

2017 [25] Conference 

Proceedings 

[S41] PETrA: a 

software-based tool 

for estimating the 

energy profile of 

android applications 

by Dario Di Nucci 

et al. 

2017 [61] Conference 

Proceedings 

[S42] Reuse of model-based 

tests in mobile apps 

by Guilherme de 

Cleva Farto and 

Andre Takeshi Ando 

2017 [39] Conference 

Proceedings 
72 
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Source of publication Study type Characteristic identified 

Science Direct Review and empirical 

evaluation 

Diverse operating systems 

(software), Diverse 

devices(hardware), GUI, Input 

Interface Means 

Science Direct empirical study Network Availability, GUI, 

Localization(sensors position), 

Diverse operating systems 

(software), Diverse 

devices(hardware) 

SpringerLink Experimental Diverse operating systems 

(software), Diverse 

devices(hardware), Input 

Interface Means, Different 

application types (Native, 

Hybrid, Web) 

Science Direct Review Limited Memory, Limited CPU, 

Limited Battery power, GUI 

data Source of 

publication 

Study type Method Tool 

support 

ding SpringerLink Experimental Architecture-Based No 

Citeseer Experimental Test size and 

Execution 

Complexity 

Measure 

Yes 

ding IEEE Model proposal Use Case Point No 
Study ID Title and author Year Reference Type of electronic 

data source 

[S43] Perspectives on 

usability guidelines 

for smartphone 

applications: An 

empirical 

investigation and 

systematic literature 

review by Ahmad, 

Naveed;Rextin, 

Aimal;Kulsoom, Um 

E. 

2018 [28] Journal 

[S44] Characterizing mobile 

apps from a source 

and test code 

viewpoint by Davi 

Bernardo Silva et al. 

2018 [29] Journal 

[S45] Model-driven 

development of 

mobile applications 

for Android and iOS 

supporting 

role-based app 

variability by Steffen 

Vaupe 

2018 [40] Conference 

Proceedings 

[S46] Testing embedded 

software: A survey 

of the literature by 

Vahid Garousi et al. 

2018 [30] Journal 

Data extraction for SLR-RQ2. 

Study ID Title of paper and author Year References Type of electronic 

source 

[S47] Architecture based reliability 

and testing estimation for 

mobile applications by 

Wadhwani V, Memon F, 

Hameed MM. 

2008 [18] Conference Procee

[S48] Estimating manual test 

execution effort and 

capacity based on 

execution points by E. 

Aranha & P. Borba 

2009 [66] Journal 

[S49] Efficiency factor and risk 

factor based user case 

point test effort estimation 

model compatible with 

agile software 

development by Parvez, 

A.W.M.M. 

2013 [19] Conference Procee
73 
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