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ABSTRACT

Context. There has been a remarkable growth of the mobile game industry since the raging pandemic
covid-19 destroyed many businesses across several industries [1]. Nowadays mobile gaming has been
one of the highest performing industries globally, raking in more billions in revenue [1,2].
Understanding the direction and aspects to improve the quality of products and reduce the cost is
important for a mobile gaming company to stand out. There is a plethora of literature on how to
improve the related product quality [3]. One of them is to analyze and optimize the various
requirements in each version update, and how these requirements could be elicited from the
company’s development plan and user feedback. Specifically, mobile game companies would review
the user comments of their products from various application platforms such as Google Play and
Apple store, select the informative comments with specific user requirements according to their own
standard, and finally elicit and then implement these requirements in the follow-up version updates.
During this process, it is important to control the lead time---the time cost for mobile game companies
to review and select the valuable user comments, make decisions to apply the changes, make a
development plan afterwards and finally put it into action. In the current increasingly intense
competitive environment, time-based dimensions of a product such as the lead-time are becoming an
increasingly important component in assessing strategic advantage, since having products early
increases the possible market introduction window. Meanwhile, traditional long lead times and high
inventory levels may be less appropriate and more costly endeavors that may not even achieve product
parity [4]. To compress the product lead time was the priority task to help companies keep their
competitiveness [5]. To fulfil this aim, fundamental changes must be made in every function that
affects the delivery of the product. However, most existing literature focuses on the lead time in the
traditional software industry, which can be different in the case of the mobile game apps. We herein in
this paper explore the contents of lead time in the mobile gaming industry. We designed a series of
steps to explore the real situation of lead time in the mobile gaming industry. Differences between
mobile gaming and traditional software industries are also of interest to be explored.

Objectives. The main purpose of our research was to study the lead time which would be caused
during the process of implementing users’ requirements. We tried to achieve the purpose from two
aspects: First, we investigated whether there were differences in the lead time of different requirement
types. Second, we investigated whether the lead time differences existed in different types of mobile
games.

Methods. Our group used Case Study as the main research method to investigate the lead time in real
cases.

Results. .First, there were differences in the lead time of implementing different types of
requirements. Such as the lead time of bug fix types of requirements would be shorter than feature
added types of requirements. Second, different types of mobile game apps had differences in the lead
time. For example, MOBA games would take longer time on Function update or Feature request types
of requirements, and FPS games would take longer time on exclusive event types of requirements. The
details would be shown in part 4.2 and 4.3.

Conclusions. Two research questions in our thesis were answered. When mobile game companies
dealt with requirements in user feedback, the lead time objectively existed. We could calculate the
length of the lead time of different types of requirements. Moreover, different types of requirements
had various lead times. For example, the lead time caused by bug fixing requirement would be shorter
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compared with that of adding new functions. And this research provided some fundamental results to
both academic field and mobile game industry field.

Keywords: Mobile game apps, User reviews, User requirements, Lead time
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1 INTRODUCTION

1.1 Introduction to research context

Nowadays, the popularity and population of mobile game apps keep expanding all the time [6],
especially after the covid-19 outbreak. Those mobile game companies pay close attention to
continuously improving the game quality and user experience, as this is essential to stay competitive in
the technology industry. One most effective way is to analyze users’ reviews from the application
platforms, such as Google Play and Apple store, in order to examine whether users’ requests could be
implemented [2,6]. This is one straightforward and efficient way to help companies win the users’
trust. A key procedure is to select and transform users’ comments to specific user requirements.

To have a deep understanding of this phenomenon, we searched the Appstore to investigate the
user comments. We compared the user comments and the corresponding mobile game version update
information. It turned out that some suggestions with more supporters would be implemented and
reflected in the updated version, which, however, were implemented after some waiting time instead
of immediately. This time consumption from users’ submission of requests to the implementation of
requests by mobile game companies is the so-called “lead time” of the software development [7],
which is the focus of the work. Specifically, those include the time cost in the extraction of the
business requirements from these comments, the design and implementation of these requirements,
and the final release of the new version to the public which incorporate those requirements as updates.

It is important to study the lead time for product improving processes [5,8]. It was studied [9] that a
six-month delay in the market production of an electronics product led to 33% loss of profit in the
product’s life cycle. However, we found that the current research of lead time is insufficient. First,
most of the researchers on lead time focused on the entire software area, without clarifying which
traditional software-based conclusions could be further extended to the mobile game industry. Plenty
of differences exist in the mobile apps from traditional software, such as the major customer
subgroups, portability, upgrading practice, marketing competitiveness, device applicability, etc.,
leading to stronger associations between software innovation/standardization and financial/technical
performance [10]. In this situation, there is an urgent need for a systematic understanding of the lead
time on different requirement types or different mobile game types for the mobile game companies
and researchers. Second, there is no real data analysis of the mobile app lead time. This brings about a
waste of time and resources since mobile game companies are not clear on the time cost of the
implementation of the users' requirements. It will benefit mobile game companies if the lead time can
be reduced, by diminishing the resource investment and shortening the TTP (time-to-market). In other
words, mobile game companies could reallocate their development resources into the most profitable
part [11], and the new requirements can be updated in time. In this sense, this study is meaningful.
However, as far as we know, little literature focused on the lead time in the mobile app area, such as
what the lead time is, how long does the lead time have in different requirement implementations, etc.,

In summary, since there was a lack of a systematic investigation of the lead time in the mobile app
area, we conducted a series of steps on studying the lead time. Throughout the thesis, there were two
major contributions: first, we studied the lead time phenomenon in the mobile game industry by using
a scientific method, so that the gap could be filled in the academic field. Second, we provided real data
analysis of the lead time in three mobile games. This will enable mobile game companies to have a
better understanding of the lead time, study, and design targeted strategies towards it.

1.2 Aim and objectives

The main purpose of our research was to comprehensively analyze the lead time from stating user
requirements in reviews to fulfilling those requirements. Our research included the following sub-



goals:
Objectivel. Investigating the differences in the lead time of different requirement types.
Objective2. Investigating the differences in the lead time of different mobile game types.

1.3 Research questions

The inspiration of research questions was gotten from W.Maalei’s research results[12].
According to his paper, we realized that mobile game developers can receive some structural
suggestions from user reviews. Then our group had begin to investigate whether users’ requests were
implemented in the following versions. Then we found that the requirements which can express
amount of users’ request would be implemented in the following version update. Meanwhile, we
found that the lead time of implementing these requests were different. These requests include various
requirements types and game types. So we assumed that the game types and requirement types can
influent the lead time. Then we transfered our assumptions into these two research questions:

RQ1. What are differences between the lead time of implementing different types of requirements?

Motivation: Mobile game companies face a large number of user comments every day, and in these
various comments, the types of user requirements which they can extract are also different. During our
investigation, we found that there were different types of user requirements, such as function update, feature
request, etc. Mobile game companies would spend different times on implementing the different types of user
requirements. Therefore, the lead time of different types of requirements would also be different. We try to
explore these differences, and if this question can be solved, it may help mobile game companies make a better
choice on the user requirements.

RQ2. What are differences between the lead time of different types of mobile game applications?

Motivation: Some mobile game companies have various types of mobile games, and the game
types will influence the lead time. Thus, study RQ2 could help us explore the differences in the lead
time of different types of mobile game apps. This might help mobile game companies make the most
suitable implementation plan for each game type.

1.4 Expected outcomes

According to our research questions, we proposed the following expected outcomes
correspondingly:
EX1. We would get the result of the differences in the lead time of different types of user requirements
and make a comparison of these differences. According to this result, mobile game companies can
adjust their operation strategies, such as how to evaluate the lead time of the specific types of
requirements, and then they can reasonable arrange for their resources.(RQ1)
EX2. We would get the result of the differences in the lead time of different mobile game types and
make a comparison of these differences. Mobile game companies can evaluate the lead time of
different types of requirement in the specific game types. (RQ2)

1.5 Structure of the thesis

There are six sections in the contents of our thesis. Section 1 is the introduction which includes
background of the topic, research objectives, research questions and expected outcomes. Section 2 is
about related work which we analyzed and found some shortcomings of those previous work on the
lead time. In Section 3 we introduced research methods used in this paper. Section 4 is about results
and analysis of our study. We showed data and results obtained for the study, such as screenshots of
user reviews we have taken, requirements extracted from user reviews and its specific presentation by
using selected tools. In section 5, we synthesized results of our research and compared those results to



conduct corresponding discussion. Also, we discussed limitations of this paper. Section 6 is about the
conclusion and future works.



2 RELATED WORK

One of our major works focused on investigating the possibility that mobile game companies took
user reviews into consideration to improve their products. And we quantified the lead time by using
the comment submission time and the package updating time in meeting users’ requirements.
Throughout our exploration, we found that researchers gradually realized the importance of user
reviews; the requirements expressed in user reviews could help developers accomplish the evolution
and upgrade of software [2,5]; when user's concerns were fully addressed, the product would become
more popular and form a virtuous circle.

2.1 The effective factors of lead time

Previous literature on the lead time of similar areas were investigated. A six-month delay in the
market introduction of a consumer electronics product can lead to a 33-percent loss in profit over the
product’s life cycle. Hilmola et al. [8] tried to use system dynamics simulation to help software
companies have a better understanding of the effort of product development lead time improvement.
In their research, they thought that improving the lead time of the development process was very
important for software companies. Genuchten [13] demonstrated the lead time and the reasons for
delay in software development varied across different departments by using several empirical studies.
He found that over-optimizing planning can be a reason for delay. Wnuk et al. [11] used case studies
to explore factors which would influence the lead time in large-scale requirement engineering. In this
article, researchers mentioned that reducing the lead time could help software companies focus their
resources on the most profitable part. They also found that the number of products which were
influenced by a decision would increase the time of deciding. Mujtaba et al. [5] used value stream
maps to identify the waste-related issues in the software development process. Their results could be
used to figure out the waste problem and plan to reduce the lead time. And the waste problem has been
identified, these are: waiting, extra processes, and motion wastes. Moreover, they mentioned that short
lead time could enable the software product to be competitive in the market. Bjarnason et al. [14]
focused on a case study of large-scale market-driven software development projects and did some
exploration on the lead time issues. He found one of the factors to increase the lead time is
overscoping. Ghezzi et al. [15] mentioned that in their research the lead time between designing and
implementing users’ requests affected the iterative of the software development process. Chan et al.
[16] analyzed the factors influencing the lead time of software maintenance. They found that system
age and deterioration do not necessarily to effect the lead time, however, the overloaded of staff may
extend the lead time.

2.2 Some findings about software prioritizaiton

One important measure to reduce the lead time is the software requirement prioritization. There
exist many literatures on prioritizing software requirements. Liu et al. [17] proposed the Correlation-
Based Priority Assessment framework (CBPA), which provided the approaches to prioritize
requirements on software process improvement. When companies collected stakeholders’
requirements, they found different stakeholders often use different ways to propose the same
requirements. Therefore, the framework could help people prioritize requirements on software process
improvement by integrating associations among them. Thomas et al. [18] demonstrated that the
technique of the Binary Priority List (BPL) could be successfully used to prioritize requirements and
was especially suitable for a medium number of low-level requirements. Karlsson [19] proved that
pairwise comparison technique is an efficient, informative, and accurate means for finding the
candidate requirements importance. Karlsson et al. [20] compared six methods on separate occasions
to prioritize the software requirements. These above frameworks regarding software requirements
prioritizing, also focused on the traditional software development, could be potentially extended to
help mobile game companies to extract or select requirements in a faster and more accurate way and



understand which requirements have higher priority, thus shortening companies’ time on development
and reducing the lead time. More detailed strategies to reduce the lead time in the general product
market can be found in [21], such as statistical process control.

2.3 The differences between mobile games and traditional games

Plenty of literature on the difference between mobile gaming and traditional gaming exists. Cai et
al. [22] identified 7 factors that had a significant impact on switching intention from traditional to
mobile games. These 7 factors are include: Perceived expensiveness of traditional gaming (PE),
Perceived flexibility of mobile gaming (PF), Perceived cost of lost benefits (PCLB), Perceived high
performance of traditional gaming (PGP), Past traditional gaming experience (EXPT), Past mobile
gaming experience (EXPM), and Ownership of hybrid consoles (OHC). And because of the high
quality of the traditional games, the traditional game player do not want to transform to the mobile
game player. Hu and Liu [23] showed the effect of experience and gender differences on users'
perceptions on mobile games, that players who has a lot of experience on computer games are more
willing to try some mobile games, and males are easier to become to the mobile game players. SOH
and TAN [24] reported that in comparison to traditional computer gaming, the development and
marketing costs of mobile gaming were reduced from millions of dollars to less than $20,000 (2006
estimates); and mobile games were being developed to appeal to both genders, in contrast to that
traditional gaming industry had historically been targeted at male players. Choi et al. [10] discovered
that the innovation and standardization improve both financial and technical performance of the
mobile software companies, while innovation decreases financial performance for traditional software
companies. The association of innovation, standardization and technology marketing strategy and
financial/technical performance between mobile gaming and traditional gaming industries were quite
different between them.

2.4 Some deep learning technologies which can effect the lead time

Nowadays the deep learning technologies are driving the service industry and have had promising
results in reducing the service lead time [25]. The Al (artificial intelligence)-based method,
specifically, the natural language processing techniques have become a promising method to automate
the transformation from informative customers’ comments to potential software requirements, thus
reducing much of the lead time cost and alleviating the manual labor burden. Al, RPA (robotic process
automation), ML (machine learning) and many other emerging technologies can be useful to reduce
the lead time of software update, but they may also have a varying lead time for their own applications
across companies [26].

Based on the above literature, we summarized our findings of the lead time.

First, researchers mentioned the importance of lead time in the software development process.
Reducing the lead time was one of the effective measures to keep software companies competitive in
the market. Thus, it is crucial for every software company to have a better understanding of the lead
time, identify factors causing it, and take actions to reduce it to achieve companies’ goals. Furthermore,
there are some factors which could influent the lead time. Such as overscoping, over-optimizing
planning, overloaded of staff, etc. These factors could help us know that how lead time forming and
extending. And it is useful for us to have a better understanding of the lead time phenomenon. And we
can also consider that whether these factors were caused by the requirement types or mobile game
types. Such as the precondition of over-optimizing planning can be the requirements is so complex
that needs a lot of steps to implement. So function update requirement type and feature request needs
to have a detailed plan and involves many different characters, so when mobile game companies deal
with these types of requirements, they should very careful about the over-optimizing planning.

Second, most of the existing literature mainly focused on traditional software development, and our
analysis filled the gap of study in the mobile gaming industry. As differences existed between mobile
phones and computers, mobile game applications differed from computer games in many aspects, such



as major customer subgroups, portability, upgrading practice, marketing competitiveness, device
applicability, etc. Thus, mobile game companies could not ignore those differences when making
strategic decisions. Meanwhile, mobile game industry should make some operation strategies to
expand the user groups, so that its market attention could be increased, and attract more and more
users to learn and experience the mobile games. This action can increase the number of the high
quality comments.

Third, we were inspired to explore more the lead time phenomenon in the mobile game industry in
the real world and dig deeper in this field to provide some useful and practical findings to mobile
game companies.



3 METHOD

3.1 Research methods

In software engineering, research methods generally include case study method, experimental
method, literature review method and survey method. We selected the suitable research methods based
on our specific research topic and different characteristics of each method.

Survey method can reflect the objective situation of research object, which includes questionnaire,
interview, etc. The survey method allows researchers to quickly get the information they need,
however because the interviewees are generally human, the data collected could involve subjective
view of the interviewee [27]. In our research, we would not use people’s own opinion to investigate
our research.

Experimental method is a scientific research method, and it needs to determine the independent
variable and the dependent variable to conduct research, then measure the change [27]. This method
can accurately study the causal relationship contained in the research object, but it is limited to current
problems, and cannot explore past or future problems. In our research, we would extend the
exploration of current problems, with the research of past problems included. Furthermore, our
research involved complex factors, and it would be difficult for us to control variables. Therefore, the
experimental method was not suitable for this research.

Case study method aims to study the situation of a certain phenomenon in real life. It requires
researchers to select one or more cases as research objects, collect data and analyze it, and then get the
results [27]. This method can provide an easy-to-understand explanation for the phenomenon.
Although it contains some limitations, including the difficulty of choosing data collection techniques
and consuming more time and human resources, we chose it as we needed to conduct a comprehensive
and objective exploration of the lead time phenomenon. Case studies could provide us with more
accurate results by studying this phenomenon in real life.

After comparing these research methods above, we thought case study was the most suitable
method for us. The reason was our research questions needed real data from real cases, and we would
calculate, compare, and analyze those data. Obviously, experimental method and survey method could
not solve our problems.

3.1.1 Case study

3.1.1.1 Description and Motivation

Case study is a method we use to research the phenomenon in the real world. Different
understanding of case study has different quality of research [28.29.30]. We need to use case study to
investigate the phenomena which we need in actual cases. Case study is divided into exploratory
research, descriptive research, and causal research. Exploratory research focuses on collection of data,
and whether researchers can find some clues in the collected data. Descriptive research favors specific
details in case study to identify social phenomena that are not of concern. Causal research focuses on a
quantitatively driven case. Researchers can assume a set of data and test it. The results are finally
compared [31]. According to our research, we needed to investigate objective facts reflected in the
case in a specific set of data. This required us to conduct a large amount of analysis on specific data to
demonstrate our views. This fact was not a social phenomenon, and we did not need to compare the
results. Because results from the data were answers we needed. Therefore, we chose exploratory
research as a method of our case study.

Case study was used to answer RQ1 and RQ2. We selected real mobile game apps to investigate
whether the lead time could be measured by us.

3.1.1.2 Case Study Design



The design of case study could be divided into three different approaches: intrinsic case study,
multiple case study, and instrumental case study. About the design of intrinsic case study, it mainly
lies in the unique properties of the case itself and finds its specific characteristics. For multiple case
study design, it would mainly focus on comparing differences among various cases, so that researchers
can discover the results. Regarding instrumental case study design, it is focused on summarizing
common patterns they have in one or more cases. For our research, we needed to find answers in the
same type of data in different cases [31]. Thus, after comparing and analyzing these approaches, we
decided to choose the multiple case study design as we needed to obtain information from multiple
cases and compare the results

Before starting our research, we needed to select some game apps to know their solutions and
analyze user reviews from those apps.

The flow chart(Figure3.1) could help readers have a more straightforward understanding of the
entire process of our case study.

Select 3 mobile

games

=3 9 e =

"

analyze the information | analyze the information of

of version update | | user reviews

K

Calculate the lead time

- =

o~ — '-\l. F -'-\,"
( Compare the differences Compare the differences
baetween the lead time of between the lead time of

different requirement different mobile game

types types

Figure 3.1 The process of Case Study

3.1.1.3 Description of case study design

The criteria about selected game apps:

Because of the limitation of research time, we can only selected 3 mobile game apps to do our
research. And we defined the criteria of the selected cases: First, in order to research RQ1, the version
update of these 3 mobile game apps must include the specific requirements types which we focus on.
Second, in order to research RQ2, these 3 mobile game apps must have different game types. Third, in
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order to make sure we can generate the enough user reviews from different time quantum, these 3
mobile game apps must be released more than 5 years, and have the big user groups(we verified this
point by referring the authority rank list).

Besides, due to the limitation of work time, we cannot research all types of the mobile games. So
we selected only 3 most popular mobile game types and 1 most popular game of each type. These
were based on the rank list of the famous game information company' . Multiplayer online battle area
(MOBA) usually manifests as a short-time and intense play session. Players could be divided into two
teams, and one team would beat the other to win the game. Besides, MOBA games have the ranking
system, and players can earn points when win, so that they can improve their ranks. Role-playing
game (RPG) usually manifests as a virtual world which has its own background story. Players can play
a role in this virtual world, and improve their levels by exploring this world, such as battling and
completing the task. First person shooter (FPS) usually manifests as a gunfight game. This kind of
game requires players’ reaction and attention to kill the enemies accurately. Winners would be
rewarded better weapons to improve their game experiences.

Tablel introduced real cases we selected. The table included basic information of selected mobile
games, such as name, original countries in which these games were developed, game operators who
had game copyright, types of game, descriptions, and total number of user comments of each game.

Name Origin Operator Type Description Number of
country reviews
Arena of | China Tencent MOBA | This game is a PVP game that 851,673,137
Valor supports multiplayer play
online.
CrossFire | Korea Smile Gate, | FPS This game is a first-person 113,727,611
Tencent shooting game that supports

multiplayer play online.

Onmyoji | China NTES RPG The game is a role-playing 9,218,255
game that supports multiplayer
online games.

Table 1. The Real Cases

After selecting above cases, we began to analyze information from user comments. The analysis
steps included: First, collected user reviews. Second, extracted user requirements from these
comments. Third, classified user requirement types.

e When collecting user reviews, we used the following criteria to make sure comments collected
would be valuable:

a. Non-empty: That means user reviews selected would have specific text, not just a rating. For
example, some users reviewed by rating only, and did not write any comment. For our research, these
kinds of reviews were not valuable.

b. Version: For each game we would select all versions published in 2018 and 2019.

c. Amount: We would select 300 comments in each selected version.

e When extracting user requirements, we decided to manually analyze selected user comments to
extract the requirements. We had considered about automatic analysis tools, but it had serious
deviation. Because of users’ requests were not always given clear, some users could give their
suggestions or express their mind with different meanings, like’This update cause a serious bug which
can lead to the device break down’ and ‘My phone was in some troubles when I run this game.’
Obviously the second comment cannot be identified and classified by only using some simple key
words, so we decided to analyze these data by manual analysis method.

e When classifying requirement types, we used a basic category table which helped us achieve our
goal easily. This table was based on Khalid’s [32] research article, to classify different types of
contents of user reviews. And we made some changes according to requirements in mobile game area.

! 9game.cn/rank/
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After collecting user comments, we created a requirement category table(Table 2) to classify these
comments into its corresponding requirement types, so that we could analyze and compare those

differences among different requirement types easily.

Requirement types Description

Bug report Users report some bugs.

App crashing Some labile factors cause the apps break off.
Network problem Apps have some problems of internet connection.

Feature request

Users require apps to launch new features.

Interface design

Users have suggestions on or dissatisfactions with interface design.

Feature complain

Users complain about existing features.

Functional problem

Apps have some problems of existing functions.

Ads complain

Users complain about too many ads.

Charge complain

Users complain about some unreasonable charge.

Fluent operation

Users complain about the fluency of operation.

Heavy memory usage

Apps take up too much memory in users’ mobiles.

Privacy and Ethics Apps infringe on the privacy of users, or apps don’t have moral
bottom line.
Hidden cost Apps have some additional cost which is not disclosed to users.

Special Event request

Users hope companies would launch or re-launch special events of

the game.

Useless reviews

Meaningless content

Table 2. Requirements Category

For the Table 2, one thing we needed to explain was that:

To make the process of research clearer and more targeted, we had simply summarized types of
requirements in the table. To clearly present our results, we decided to merge similar requirement
types into one big category. For example, we summarized types of requirements of bug report, app
crashing, network problem in Bug Fix; feature request, interface design in Feature Added; feature
complain, functional problem in Functional Update; fluent operation, ads complain, charge complain,
heavy memory usage, hidden cost, privacy, and ethics in Business Operation. Besides, we found a
unique requirement type of mobile game applications: Exclusive Event. That represented the
requirement of some special events which could happen during the operation of mobile games. For
example, to gain more profits, mobile game companies would launch some attractive activities
irregularly to promote consumption. These kinds of activities would result some feedback from
customers as indeed some users would be interested in them and would ask companies to launch or re-
launch some unique events. That was called Special Event request. We would show these changes in
Table 2.

Meanwhile, we needed to collect information of updated versions. Compared with colleting and
analyzing user comments, this step would be easier as we only needed to find and record related
version.

Finally, we would analyze these data by using manual analysis method, and then put the result
data to Microsoft Excel to preserve it and using the function of Microsoft Excel to draw the statistical
gragphs and box-plot graphs to use. Next, we would compare the data in the statistical grapghs and
box-plot graphs, to explore the differences between the data and try to answer the research questions
by using these data.

3.1.1.4 Data Collection
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In case studies, based on our research, we decided to use document analysis to intercept the data
we needed from many documents for research.

Document analysis:

Firstly, we selected a tool and an application platform. The tool is called Fsight?, which could be
used to collect user reviews. Fsight is an industrial news platform developed by Tencent, and it
contains comprehensive information of various types of mobile games, such as user reviews and
version information. Fsight also provides a lot of functions which could be used in our research. For
example, we could extract comments by setting the time and version number. Moreover, Fsight
provided download function which enabled us to download targeted data when it was selected
successfully.

We selected Appstore as our platform as we could collect detailed version update information.
Before made our decision, we considered Appstore and Google play. After investigation, we finally
selected Appstore to start our research because of its convenience to conduct our work. Appstore
includes comprehensive version information, including version number, release time, and updated
content. Second, unlike Google Play, Appstore has stricter examine mechanism, which means mobile
game applications on shelves would be more professional and data source could be more secure. The
distribution of users’ comments would be more concentrated, and version update information would
be collected in an easier and more comprehensive way. Third, Google play is only focused on Android
platform. The Android mobile type contains many brands and models, such as Samsung and Huawei.
Different models use different platforms to update versions, which would cause confusion for our
research. Fourth, the review mechanism of Appstore is stricter than that of Android platform, which
would benefit our review process. In addition, Appstore has a large number of users worldwide, which
enabled us to collect sufficient data to conduct the research.

Based on these materials, we could collect and analyze the data. During the research process, we
used a lot of calculations and statistical graph methods to sort out and compare differences within
these data.

3.2 Analysis method

According to our research methods, we needed to choose reasonable analysis approaches to
analyze the data collected, which would help us get more accurate analysis results. Analysis methods
are broadly divided into two categories: qualitative analysis and quantitative analysis.

3.2.1 Qualitative Analysis Method

Qualitative data analysis is a subjective, predictable analysis method, and it depends on the
subjective process of research [33]. Qualitative analysis method can subjectively judge the
development of the object by summarizing the laws of the object.

In our research, because of this kind of method cannot give us help, such as we cannot get the
results or predict the trend by using working experience or subjective judgement, the results must
based on the scientific investigation.So this method is not suitable for us.

3.2.2 Quantitative Analysis Method

Quantitative data analysis refers to systematic measurement of social phenomena using methods
such as statistics [33]. Quantitative analysis generally involves the following stages: obtaining data,
analyzing data, and generating analytical results.

We would calculate a lot of data to get the numbers. When comparing results, statistical method
is a common quantitative analysis one. Based on our needs, we decided to use descriptive statistical
method to analyze collected data Statistical charts would be used to represent results of comparison.
Our statistical graphs include following elements: Requirement types, game types and its
corresponding lead time. We decide to use this method to directly show the differences of lead time
between different requirement types and different game types. According to the statistical graphs, we
can observe the differences clearly. And then, we would calculate the average value, standard
deviation and median capital. The average value can be used to reflect the general level of the lead

2 Fsight.qq.com
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time. The standard deviation can be used to verified the rationality of the number of sample. The
median capital can be used to reflect the medium level of the lead time. Also, we would talk about the
min value, the max value and the spread of value. Finally, in order to make sure the reliablity of our
analyzations, our group member will double-check the results of data collection to make sure if we get
the same results by analyzing the same data.
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4 RESULTS AND ANALYSIS

4.1 Case Study
4.1.1 Data collection of practical cases

Based on the first step of our case study design, we had listed the version update announcements
within one year for these three games. Then, we selected 300 user comments of each version which
were ordered by special categories. Those categories were provided by Fsight. Fsight had a special
function which could divide user reviews into three parts, including Positive comments, Negative
comments, and Neutral comments. This classification was based on star rating of reviews. For
example, a five-star review would be classified as a positive review, while a one-star review would be
a negative review, and a two-four-star review trophy would be a neutral review. We found this feature
was very useful to help us select comments more objectively and reduce deviation of our research as
much as possible. Therefore, for 300 extracted comments of each version, 100 of positive, negative,
and neutral comments were included respectively.

It should be noted that Figurel to Figure4 were screenshots of part of our data, not all of them. As
we had collected large amount of data, it would take up too much space if showing all here. The
purpose was to have readers understand the way we collected the data and how it performed with the
tool. Data pictures shown later were also part of the results.

This function was shown as below:

The game that has been played the longest in history and supportsit............oc.... AppStore

Really great. AppStore 2019-04-18 06:42:3

Figurel. Positive Comments

Negative

g I ed, the slower the card, the junk game? I don’ twant to play the card until now, AppStore

The more you update, the slower you enter the game. AppStore

The mad man flashed back and could not reconnect but was also deducted and could not qualify AppStore 2019-05-05 20:43:46
for the spicy chicken game.

Figure2. Negative Comments
Na

Can you send me my skin?

Fenggiu Fengfeng seeking phoenix baby

For the sake of setting up Zixia Fairy, no more skin fragments will appear. AppStore 2019-03-24 02:15:28

Figure3. Neutral Comments

Based on above framework, we started to collect data. First, we set selection interval for each
game version. According to our research date, we set the time from April 20, 2018 to April 20, 2019.
All versions within this interval would be taken into consideration. We continued to collect version
information with Appstore as our data resource.
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Version record

1.44.1.10

[problem repair]

1. Fixed the problem that the special effects of the glory warfare reward interface were
abnormal;

2. Fixed the problem of minimizing the download of the gameplay extension package. If
the game is switched to the background for a while and then switched back to re- More

1.44.1.4 April 16, 2019

[Version update content]

1. New hero-Yao: From a new world view area, "Yunmengze”, from the little ancient
spirits, love to say "opposite.” As a national aid, Yao is easy to use and suitable for all
summoners. The normal form is a half-man and a half-deer. After being scared, it
triggers passive skills and turns into a deer, which cannot be selected for a while. ThMore

1.43.1.15
[problem repair]

1. Fix the problem of flashback of iPhone6, iPhone6Plus and other models

[Optimized adjustment] More

Figure4 An Example of Version Information

After this step, we tried to decide on how to analyze the data. At the very beginning, we
considered to use some automatic tools to extract valuable data from samples. However, it involved
with how to identify keywords. After a pre-analysis of some comments, we found that users might
express their requests with various descriptions. Those could be typical ones, like ‘I’m going to talk
about a bug...’, or in a vague way, which could not be extracted by regular keywords. Thus, we
decided to manually analyze comments. On one hand, we could have an accurate understanding of
users’ requests, and put them into proper requirement categories. On the other hand, we could collect
different keywords, and add them to database which could be analyzed automatically for future works.

The manual analysis method was inspired by W.Maalej et al.[12]. According to their research,
users normally provide their comments by using unstructured text, So that would be difficult to
analysis the users’ real demands by automatically analysis tools. Now we put an example to shows
that how we mappping the requirements to implementations. In V1.36.1.12, mobile game app update
an information that ‘We have fixed the exception performance of Hanxin’s health’(Hanxin is a
character of this game ), this update can be classified to the bug fix type. Then we back to the user
comments which was earlier than this update information, then we found that 27 comments had
reported the bug about Hanxin’s health. And we figure out the earliest comment and calculated the
time deviation between the published time of this comment and the published time of verision update.
Meanwhile, some comment would include more than one requirement, such as ‘The number of gun’s
skin is not enough, how about develop a skin which about the concept of dragon? And when I match
to a game, sometimes the game voice would be lost. > According to our manual analysis method, we
can find that this comment include two requirements, one is about function update and the other is
about bug fix. If we used automatically tools, it will be quite hard to extracted the real requirements of
users, because we cannot find an entire annotated corpus of real data to identify the keywords[12].

With regard to our criteria of data selection and analysis, a few of points should be noted: First,
since the version selection interval selected was from April 20, 2018 to April 20, 2019, we selected
user comments from February 20, 2018 to April 20, 2019. The reason was the subject of our study was
the lead time between stating requirements and implementing them. Before proceeding with this study,
we assumed this kind of lead time existed (Companies could not implement a requirement without any
time consumption). In other words, when we retrieved keywords of version information, we needed to
select comments stated before the release of current version to see if the company had adopted user
requirements and put them into the new version. Therefore, we traced reviews two months earlier than
the date of game versions.

Second, after completing the analysis, we tried to display data results with statistical
charts(Figure 5- Figure 8), box-plot charts(Figure 9- Figure 13)and tables(Table 3- Table 7.3). It
should be noted due to lengthy, we could not exhibit all keywords of version update information, but
we integrated the content of each version into different requirements categories according to Table 2.
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For example, we integrated update requirement on various game features into Feature Request, and
update information about fixing various bugs into Bug Fix category.

4.1.2 Analysis results of practical cases
Finally, after processing a lot of data, we displayed results with statistical charts(Figure 5- Figure
8), box-plot charts(Figure 9- Figure 13) and tables(Table 3- Table 7.3).

For Arena of Valor:
Data Unit=day Bug Fix Feature Added Function Exclusive Event | Performance
Update Optimizing
V1.34.1.9 None None None None None
V1.34.1.11 3 75 None 7 99
V1.34.1.23 15 90 105 None 81
V1.35.1.7 7 None None 31 None
V1.35.1.11 None None 51 None None
V1.35.1.14 7 77 None 14 None
V1.35.1.26 1 None 36 None None
V1.36.1.7 None None 103 None None
V1.36.1.12 1 None None 14 None
V1.36.1.16 12 75 60 None None
V1.41.2.1 None 156 120 None None
V1.41.2.16 1 None None None 93
V1.42.1.1 3 None None 12 None
V1.42.1.20 None 155 127 None None
V1.43.1.5 2 77 47 3 28
V1.43.1.8 None None None 7 None
V1.43.1.11 6 None None None None
V1.43.1.15 3 66 60 7 None
V1.44.1.4 None 79 41 None None

Table 3. Lead Time (AOV)

The analysis and explanation for the Table 3 was listed as below:

we used keyword search tool to find the first user comments which made that requirement and
recorded the release date. Then we compared these dates with release dates of updated versions.

This table showed lead time of each type of requirement. Some points should be noted: First, we
used ‘day’ as data unit. For example, Number 12 meant it took mobile game companies 12 days to
fulfill the requirement after expressed by users. Second, ‘None’ represented no lead time, which could
be explained in two ways: 1) We did not find any information relative to the requirements in selected
comments; 2) In the version update information, no such type of requirement had been met.

Table 4 and Table 5 showed data analysis of the other two games, and it was conducted in the
same way as the first mobile game:

For CrossFire:

(day) Bug Fix Feature Added Function Update Exclusive Event Performance
Optimizing

V1.0.28 4 None None None None
V1.0.30 3 38 None None 26
V1.0.35 None 30 66 15 None
V1.0.40 1 60 None None None
V1.0.45 None None None 29 None
V1.0.50 1 35 None None None
V1.0.55 7 None None None 16
V1.0.60 None 27 47 31 None
V1.0.66 None None None 12 None
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| V1.0.70 | 16 | None | 39 | None | None
Table 4. Lead Time (CF)
For Onmyoji:
(day) Bug Fix Feature Added Function Update Exclusive Event Performance
Optimizing

V1.0.38 8 None 31 None None
V1.0.39 3 None None 6 12
V1.0.40 None None 45 None None
V1.0.41 1 15 88 None None
V1.0.46 None None None None None
V1.0.50 1 87 21 12 None
V1.0.52 2 None None None None
V1.0.53 None 44 None 14 16
V1.0.55 3 None 65 None 33
V1.0.56 None None 47 None None
V1.0.58 2 42 None 6 None
V1.0.60 None None 31 9 None
V1.0.61 1 27 None None None

Based on the data above, we began to analyze the research problem. According to the Table 3 to
Table 5, we could see how long it took to implement different types of requirements for each version
update. And these data were what we called the lead time. Because we aimed to investigate differences
among these values, it would be better to calculate the average which could make our results clearer.

Table 5. Lead Time (Onmyoji)

The results of average values are shown in Table 6.1 to Table 6.3:

(day) Bug Fix Feature Added Function Update Exclusive Event Performance
Optimizing
Average lead | 5.0 94.4 75.0 11.8 75.2
time
Table 6.1 The Average lead time (Arena-MOBA)
(day) Bug Fix Feature Added Function Update Exclusive Event Performance
Optimizing
Average lead | 5.3 38.0 50.6 21.7 24.5
time
Table 6.2 The Average lead time (CF-FPS)
(day) Bug Fix Feature Added Function Update Exclusive Event Performance
Optimizing
Average lead | 2.6 43.0 46.8 9.4 20.3
time
Table 6.3 The Average Lead Time (Onmyoji-RPG)
(day) Bug Fix Feature Added Function Update Exclusive Event Performance
Optimizing
Average lead | 4.5 72.4 49.7 7.9 53.1
time
Table 6.4 The standard error of lead time (Arena-MOBA)
(day) Bug Fix Feature Added Function Update Exclusive Event Performance
Optimizing
Average lead | 5.0 219 253 12.5 14.1
time
Table 6.5 The standard error of lead time (CF-FPS)
| (day) | Bug Fix | Feature Added | Function Update | Exclusive Event | Performance
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Optimizing

Average
time

lead | 2.2

26.9

293

7.2

17.0

Table 6.6 The standard error of lead time (Onmyoji-RPG)

For the average value tables and standard error tables, we noted that: First the significance of the
average lead time would make the research results more reasonable and helpful. According to the
definition of average value, it can be used to reflect the general level of a phenomenon. Second, we
ignored the none value and calculated only the data with specific time included. Third, to make the
data more understandable and consistent, we rounded all data to one decimal place. Finally, the
standard error would be used to explore the validity of the number of our samples. The results of
standard error values are shown in Table 6.4 to Table 6.6.

Based on data from Table 6.1 to Table 6.3, we created statistical charts to make comparisons.

Comparations of the lead time of different requirement types were shown below:

day’

100

M
54.4
5
Bug Fix Feature
added

75 75.2
11.8
>
Function Exclusive Performance
update Event Optimizing

Figure 5. The Lead Time of Different Requirement Types (AOV)
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100

30.6

38

24.5
3.3
0 Bug Fix Feature Function  Exclusive Performance
added update Event Optimizing

Figure 6. The Lead Time of Different Requirement Types (CF)

100

46.8
43
20.3
9.4
2.6
0 Bug Fix Feature Function  Exclusive Performance
added update Event Optimizing

Figure7. The Lead Time of Different Requirement Types (Onmyoji)

Compare the lead time of different mobile game types:
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day’

100

According to the statistical charts such as Figure5-7, we can directly observe that the requirement

Bug Fix Feature Function Exclusive
added update Event
= AQV
(B CF
L Onmy

Performance

Optimizing

Figure 8. The Lead Time of Different Mobile Game Types

types would really influent the lead time in each game. This result can be used to answer RQ1.

Then we gave Figure 8 to compare the lead times which have the same requirement types but
different game types. However, it cannot explain this result clear. So we try to use box-plot to perform
the difference between the lead times which have the same requirement types but belongs to different
mobile game types. Box-plot include the min value, max value, median capital and quartile. We draw
the box-plot by saving the real data(the number of lead time) to Microsoft Excel, and then we used the
calculating function of Microsoft Excel to get the min values, median values and max values of the
cases. The specific values are shown as Table 7.1 to Table 7.3:

Bug Fix Feature Added | Function Exclusive Performance
update Event Optimizing
Min 1 66 36 3 28
Median 77 60 9.5 87
Max 15 156 127 31 99
Table 7.1 The specific values of AOV
Bug Fix Feature Added | Function Exclusive Performance
update Event Optimizing
Min 1 27 39 12 16
Median 3.5 35 47 22 21
Max 16 60 66 31 26

Table 7.2 The specific values of CF
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Bug Fix Feature Added | Function Exclusive Performance
update Event Optimizing
Min 1 15 21 6 12
Median 2 42 45 9 16
Max 8 87 88 14 33

Table 7.3 The specific Values of Onmyoji

According to these values, in order to make a clear comparison of the lead time about different
types of requirements and games, we drew the box-plot charts:
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BUG FIX

1
Figure 9 The box-plot of Bug Fix in each game type
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Figure 10 The box-plot of Feature Added in each game type
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Figure 11 The box-plot‘ of Function Update in each game type
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1
Figure 12 The box-plot of Exclusive Event in each game type

Performance Optimizing
120

100
30

60

40

1
Figure 13 The box-plot of Performance Optimizing in each game type

According to these box-plot figures(Figure 9 - Figure 13), we can easily notice the differences
between the lead time which has the same requirement types but have the different game types. AOV
was represented in blue color, CF was represented in orange color and Onmyoji was represented in
grey color. Here we have some findings:

1. Because of the box part include 50% data of the whole data, we can find that the number of
requirements which related to Performance Optimizing was less than the other 4 types of requirements.
2. The lead time of implementing the same type requirement would be effected by game types. For
example, according to Figurel0 and Figurel3, when developers implemented the requirements which
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about Performance Optimizing and Feature Added, AOV(MOBA) would take longer time than the
other two games. Meanwhile, each game type has its special lead time on implementing different
requirement types.
3. We can also observe the spread of the data. We can give an example of it, such as in Figure9, we
find the min value and max value of Bug Fix requirement type in AOV have a big difference, and the
box was inclined to the shortest lead time. That means when developers implemented the bug fix
requirements, they normally fixed the bugs by using less time.

According to these box-plot graphs(Figure 9 - Figure 13), we can observe the data clearer and get
the result more accuracy, and then we can answer our research questions:

4.2 RQI1. If there are differences in the lead time of implementing different types of
requirements?
Answer:

According to data in the statistical graphs(Figure 5 to Figure 7), we found there were differences
in the lead time of implementing different types of requirements. Besides, we compared the value of
these data, and found lead time of Bug Fix and Exclusive Event would be shorter compared with
Function Update requirement and Feature added requirement. The lead time of Performance
Optimizing type was in the middle.

4.3 RQ2. If there are differences in the lead time of different types of mobile game applications?
Answer:

Obviously, different types of mobile game apps had differences in the lead time. The result can
be observed in Figure 8 to Figure 13. We could find that all these three games had a quick reaction on
Bug Fix requirement. However, in other requirement types, MOBA game type would take longer time
on Function Update, Performance Optimizing and Feature request types of requirements. FPS game
took longer than others on Exclusive event. And the overall lead time of RPG game type was
comparatively shorter.
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5 DISCUSSION

5.1 Discussion and contribution

In this section, we would discuss the results of this research in detail. In addition, we would
conduct a comparative analysis of this research and previous related literature to know the progress
and deficiencies of our research.

Our research focused on the lead time between eliciting and implementing user requirements
derived from user comments. We had successfully answered the research questions we put forward.
The research showed that both requirement types and mobile game types would influence the lead
time of implementing user requirements. In RQ1, we found that Bug Fix type of requirements would
take the shortest lead time, compared with Feature request type and Function update. We thought it
depended on complexity of the requirements or works, etc. In RQ2, we found that MOBA and FPS
types would take longer lead time, and we thought those types needed a high level of complexity on
the logic and display of games. In fact, AOV and CF was large-scale mobile games, its has higher
complexity of logical structure than the other types of mobile games. So, when developers prepared
for modifying the code, a complex compile process would be involved in.

Therefore, by making comparation of the results of RQ1 and RQ2, we found that the lead time
used on Bug Fix requirement were similar among these three types of games. And this lead time was
the shortest in all requirement types. Bug Fix could be regarded as the most important requirement to
deal with as it would affect user experience directly. The lead time in such requirement types as
Feature adding, Function updating and Performance Optimizing was longer than other requirement
types, especially in MOBA game types. From statistical charts, we found no requirement type could
hardly be finished in a short time, and in general it would take more than one week. This might result
in more factors to influence the lead time. So, we suggested that mobile game companies should take
measures to optimize execution process, such as arrange resources more reasonably, supervise
developers’ work more efficiently and select the most suitable development tools. For Exclusive Event
requirement type, we found most of the mobile game companies did not spend necessary time on it.
We thought if companies could grasp market trend accurately, and make great promotion of their
games, user experience and game popularity could also be improved, so as their market
competitiveness.

Besides, our research explored some findings and opinions from some other papers. First, user
comments really became an important platform for users and companies to communicate with each
other. Because of the popularization of smartphones, people could express their feelings and
requirements easily. Thus, we could extract a lot of users’ requirements from their comments. Plenty
of literatures studied on how to convert informative user comments into software requirements [34-35].
Mobile game companies should pay more attention to different mobile application platforms to collect
as much user feedback as possible. Second, we believe some conclusions about lead time in software
development process could be similar to our conclusion in mobile game industry. Chan [36] examined
how the lead time of a request in traditional software maintenance was affected by factors such as the
characteristics of the system, the request, and the maintainer responsible for the request and found that
the complexity of a request significantly postponed its lead time, which was similar to our conclusions
on mobile games. Pai et al. [37] classified the cause of delay in the lead time into 16 potiential factors,
including “The Defects of the software listed at one instances listed in the later stages.”, “Number of
errors being rectified or fixed by the developers”, etc., and summarized the severity, occurrences and
detection of the 16 factors. It was reported that the severity of “The Defects of the software” was a
more severe factor to cause the lead time delay comparing with “the bugs fixed”. This was consistent
with our conclusion that the average lead time in software version update was significantly longer than
the Bug Fix requirement. Third, we believe some measures about lead time reduction in software
development process could be extended to mobile game industry. Hilmola et al. [38] suggested that
the improvement of product development lead time was one of the most important parameters in the
software startup environment. In some situations, not only would slightly improved lead time
performance require fewer rounds of financing, but also expansion of the company's operations would
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become less troublesome. This was also an important aspect that should be considered in mobile game
companies. During our research process, we found the lead time phenomenon was very serious in
mobile game industry. Most of the complex requirements like function added and feature update
needed at least 30 days to be implemented. However, in current market, competition among mobile
game products was fierce, and spending too much time would lead to customer churn. So, it was
crucial for mobile game companies to understand the lead time phenomenon and try to take measures
to reduce the lead time as much as possible. Chan [38] reported that the lead time was increased by the
internal lead time target set by the IS department based on staff availability, which we believed could
also be applied to the mobile gaming industry, e.g., with more staff availability the lead time could
possibly be reduced. Flatholm and Nedstam [39] proposed the reuse of architecture, design and code,
to reduce lead-time on multi-user computer games, and demonstrated a line of products could gain
20% software development lead-time by the reusing approach through a case study. All the above
methods proposed for traditional software engineering/computer games are also potential methods to
be considered in reducing the lead time of the mobile gaming industry.

For the contribution of our research, before this research, there is few case study explored
difference in lead time for various mobile game types with different requirement types. Our research
had laid a foundation by establishing detailed workflow to calculate the lead time for different mobile
games which could provide references to other researchers who would dig deeper in this field. Next,
we conducted case studies for the top three games of the top three game types in the market, and
explored two perspectives: 1. lead time really exist in the development process of mobile games. 2. the
average lead time of different requirement types does really different. 3. the average lead time of
different game tyoes does really different. Third, we calculated the average lead time of different types
of requirements and games, and the resulting data can provide a reference for the operators of these
three mobile games to help them have a better understand on the lead time issues of their own products.

5.2 Limitation

However, our research had some limitations as we could not cover everything, which meant the

article based on it had some limitations:

® This study did not cover all game types. We only selected three of the most popular game types to
do research and analysis. In fact, mobile games included many types, such as puzzle games and
board games. According to our existing research results, the types of mobile game did have some
impact on the lead time phenomenon. In other words, there would be some differences in lead
time for different types of games.

® The number of user reviews and version update information we used in our research was limited,
so the results might be a bit of one-sidedness. If we could collect and analyze more data, results
would be more accurate.

® The number of games in the same type we chose was limited. If time permitted, we would study
more games for each game type as even for the same type of game, the lead time would have
some more or less difference.
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6 VALIDITY THREATS

In this section, we analyzed two validity threats: internal and external, and proposed
corresponding solutions.

6.1 Internal Validity

Internal validity is simply to ensure the change in the dependent variable is only affected by the
independent variable and will not be disturbed by other factors. In our research, the main
manifestation of internal validity was whether the data we collected was accurate and reliable, and
whether our analysis of the data was reasonable. To achieve those goals, we used a professional
platform and data extraction tools under the conditions we specified and collected all user reviews
generated during this time. The chosen professional application platform enabled the reliability of our
data source. Furthermore, manual analysis could become to a risk in our research. We refered to some
papers which have the content about how to extract the user requirements from their comments, and
W.Maalej[12] thought that a entire annotated corpus of real data can be used to help to extract user
requirements by automatically tools. However, it is quite difficult to complete the annotated corpus,
and the entire annotated corpus hasn’t been provided yet, so manual analysis is still the most suitable
method for us to analyze the data. Because the manual analysis method can help us identify what user
means easier, and will reduce the mistakes. And we have already double checked the results, such as
group members would exchange the data results and help others to check if every data has been
analyzed in a correct way.

6.2 External Validity

External validity mainly refers to whether the research results can be generalized to similar
scenarios. In our case study, due to the limitation of the data analysis method and the workload, it is
impossible for us to analyze all the data from the cases. So it could be a risk. In order to reduce the
effect of this risk, we calculated the standard devation to make sure the selection of the number of our
data is reasonable. When the results are generalized to similar scenarios, the result devation can be
controlled in a limited scope.

6.3 Construct Validity
Construct validity is used for the measurement of multiple indicators. In our research, we used

case study as research method, and designed research procedures in detail. Every phase of our thesis
was with rigorous considerations. Each element of a research had been included in our study.
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7 CONCLUSION AND FUTURE WORK

7.1 Conclusion

This thesis is aimed to research the lead time between eliciting and implementing the requirements
in mobile game apps.When users put forward their requirements, the mobile game companies will
implement the user's requirements in subsequent versions. The time difference in this process is called
lead time.

By reading some literatures, we tried to investigate whether lead time can be affected by
differences in requirement types and whether lead time can be affected by mobile game types.
Therefore, we decided to explore these two issues in depth through the case study approach. During
this process, we selected the corresponding suitable research cases, and selected part of the data to
analyze, according to our specific selection criteria. Finally, we analyzed the data and summarized the
results by using tables(Table 3- Table 7.3), statistical charts(Figure 5- Figure 8), and box-plot
graphs(Figure 9- Figure 13).

In the end, we solved the research questions that: First, in the same mobile game type, requirement
types will affect the length of lead time. Second, when dealing with the same type of user
requirements, mobile game types will also affect the length of lead time. The results can be shown as
the overall lead time of MOBA games were higher than the other two types of games. And in the same
games, the lead time of Bug Fix is significantly lower than other types of requirements. These two
findings are crucial to our research, the performance of the results can completely provide the
evidences to our research questions. And its can also provide some inspirations on how to estimate the
lead time efficiently, such as developers can estimate the lead time by using the median value of the
data. And these findings can be summarized from the tables(Table 6.1 -Table 7.3) and graphs(Figure 5
- Figure 13) which we provided. Because we have list these tables and graphs by using real data, so
the conclusion are objective and scientific.

7.2 Future Work

1. We will explore more game types as there are a lot of game types in mobile game industry. Besides
MOBA, FPS and RPG game types, it includes ACT (action game), AVG (adventure game), etc. So, to
analyze the lead time issues in mobile game industry comprehensively, it is very important to include
more game types to investigate.

2. We will intercept more user reviews for analysis and try to make the research results more accurate.
Due to limitation on workforce, we could not collect more user comments in our thesis. That would
cause some deviation of the results. To solve this problem, it is crucial for us to collect more data and
analyze it.

3. We will select more games in one game type. In our research, we chose only one case for each
game type. That would also increase the chance of deviation. So, we decide to analyze more game
cases per type to achieve more accurate research.

4. We will contact mobile game companies and try to test our research results in the real world; thus,
the usability of our research could be evaluated.

5. We will find or create an automatic tool which could help us extract useful comments in samples.
When more games and comments are selected, this tool is vital as manual analysis will be time-
consuming or even impossible to complete the research.
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