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Abstract—In addition to the strong market demands, 

software development projects are facing constantly change 

of requirements from dynamic business context. Striving to 

meet the project deadline, in budget and maintain quality of 

systems brings up the importance of development 

automation. The benefits of continuous integration of agile 

development have been reported in the academic literatures, 

however, the consideration on determining the necessary 

procedures during the implementation and how to quantify 

the performance and effectiveness on the implementation is 

not widely discussed. An automation continues integration 

process was developed in this study. For evaluating on the 

performance and acceptance of the process implemented, a 

new evaluation framework was constructed as measurement 

tool. The analysis and discussions of research result will 

serve as a reference for the rear researches and for the 

system development practice on transitioning to agile 

development.

 

 

Index Terms—agile development, continuous integration 

and delivery 

 

I. INTRODUCTION 

Software application demands are increasing rapidly, 

in order to meet market needs and deliver quickly to stay 

competitive, new features and capabilities are required to 

build constantly, high expectations are being placed on 

the IT department, to be able to deliver on time and 

without compromise system quality becomes the critical 

issue. 

Standish Group [1] reported that on more than 50,000 

software projects in the United States, it shows 31.1% of 

projects are cancelled before they ever get completed, 

52.7% of which will cost 189% more than their original 

estimate budgets, there are only 16.2% of software 

projects that are completed on time and on budget, and 

the numbers are lowered to 9% for larger companies. 

Even with projects that are completed, only 

approximately 42% of the originally proposed features 

and functions are deployed. With such staggering 

numbers presented, it is obvious that something must be 

wrong in the line of software development process. The 

two most important factors causing software project to 

fail or challenged was incomplete requirements and lack 

of user involvement, see Table I.  
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TABLE I. PROJECT CHALLENGED FACTORS 

Project Challenged Factors Responses 

1 Lack of User Input 12.8% 

2 Incomplete Requirements & Specifications 12.3% 

3 Changing Requirements & Specifications 11.8% 

4 Lack of Executive Support 7.5% 

5 Technology Incompetence 7.0% 

6 Lack of Resources 6.4% 

7 Unrealistic Expectations 5.9% 

8 Unclear Objectives 5.3% 

9 Unrealistic Time Frames 4.3% 

10 New Technology 3.7% 

Over the years, enterprises tried to adopt different 

processes to optimize their software development 

practices, but the focus has been mainly on software 

development, leaving the operations side of software 

delivery lagging behind. Now a day IT practitioners often 

criticize the traditional waterfall-based development 

approach on its linear and structured inwardness. This 

model mainly relies on a predictable environment and 

progress to be able to succeed, but the reality is that the 

environment and requirements are constantly changing 

and is often unpredictable [2]. Agile development was 

proposed as one of solutions to solve that by iterating the 

development process in short intervals and incrementally 

enhance the functionality to meet the requirements. 

However, this process lacks the consideration of how the 

adaptive changes affect the performance and integration 

of the project. 

Successful software project requires comprehensive 

project management, agile developing practices, 

orchestrated quality control and align with organization 

culture, communication and collaboration with 

stakeholders. In order to achieve this, as soon as 

development done, the delivery process is expected to 

integrate automatically to the operational level [3]. With 

continuous integration, the system automatically builds 

artifacts and checks for errors. The whole releasing 

process should include automated planned and 

orchestrated tests to insure the stable and available. To 

discover defects before every build is the way to deliver 

reliable and predictable releases [4]. 

The continuous integration and delivery of agile 

development is regarded as one of solutions to these 

tough issues of system development. The purpose of this 

study is to propose an automation approach of continuous 

integration, construct an evaluation framework for the 

new process implemented and the analysis can be served 
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as a reference for rear academic researches and 

practitioners for deploying agile development approach. 

II. THEORETICAL BACKGROUND 

A. Agile Development 

The traditional waterfall development methodology is 

inflexible with its linear design and that it relies on 

theories that assume the environment and requirements 

are predictable. However, the environment and 

requirements are constantly changing and often 

unpredictable [2]. Agile method was proposed for these 

issues, which basically put together as a solution to 

circumvent to pitfalls associated with waterfall model. It 

is to have close collaboration between the development 

team and business stakeholders to achieve a more 

frequent delivery to meet the business market needs [5], 

[6]. 

Agility is becoming more important due to the 

dynamic market demands and the pace of technology 

change [7]. As agile development becomes more popular, 

organizations should adapt the new fundamental nature of 

software development. It reflects the need to adapt to 

variations in requirements, resources, and uncertainty [8].  

B. Continuous Integration and Delivery 

Continuous Integration (CI) is a software development 

practice where systems (subsystems) are integrated 

frequently during the development phase to avoid 

unpredictability and expensive integration effort caused 

by the separated integration phase [9]. For implementing 

CI method, the development team integrates changes 

daily and that each integration is verified and build 

automatically [10]. With the increased in popularity of 

agile development, CI has become an essential ingredient 

for teams doing iterative and incremental software 

delivery, with the combination of agile development with 

XP, Test-Driven Development (TDD) and Behaviors 

Driven Development (BDD), CI has become an important 

trend of software development [11]. 

 

Figure 1. Continuous integration and continuous delivery.  

Following closely on CI, Continuous Delivery (CD) is 

a series of practices used in software development 

process where software can be rapidly and reliably 

release to an environment at any time. Getting software 

released to the market is often an inefficient, risky, and 

time-consuming process, the release cycle often takes 

months or even years for large enterprises. Continuous 

delivery can help optimize this process through a more 

efficient, reliable and low-risk releases and continuously 

adapt software in line with user feedbacks, shifts in the 

market and changes to business strategy [12]. 

Soni [13] articulated that the new approach is focused 

on automation tools to achieve end to end automation, 

and it shows that by adopting different type of tools in the 

technology stacks, automation approaches maybe 

different in terms of pull or push mechanisms of artifacts 

from continuous integration to continuous delivery, see 

Fig. 1. 

III. DEPLOYING A PROCESS OF CONTINUES 

INTEGRATION  

To achieve the speed and agility, it is imperative to 

choose the right tools to enable automation across all 

aspects of development, production, and operations. 

Puppet Labs [14] reported that more than 80% of high 

performing software project organizations rely on 

automated tools for management and deployment. In this 

study, a case which deployed the new process of 

continues integration in software development projects 

was illustrated and analyzed. The implementation was 

adopted on the Java project development team. The team 

had begun the adoption of the automation continues 

integration process in mid-2015, the main goal was to 

increase productivity and reduce the time spent caused by 

fixing unexpected code defect or failed deployment. 

Among the desired improvements were to reduce code 

verification feedback time and increase efficiency on 

communication and collaboration with other stakeholders. 

Before the model adoption the team begun the practice of 

agile methodology using Scrum 6 months earlier, there 

were daily standup meetings to pinpoint the major 

challenges during software development. The adoption of 

the automation model is expected to further reduce the 

challenges the team face during the development phase 

and to improve the efficiency of the development process.  

When the Scrum process is adopted, JIRA was chosen 

to track issues and project progress, as well as status 

management. It is also used as a communication and 

collaboration tool with other stakeholders. The server 

implemented was Jenkins CI server, it is an open source 

automation server written in Java. It acts as the master 

build server for automatic integration, CI tasks are 

configured to pull the latest code from the subversion 

server and automatically build the codes with Ant at a 

specific time daily. 

This automation process of CI is shown in Fig. 2. Each 

software project runs its own CI pipeline to provide 

feedback for the developers working with that particular 

project, the pipelines run in parallel as there are multiple 

projects. If the build fails, the CI server sends out 

messages to notify the developers. For integration and 

acceptance testing, the software is packaged, run the 

regression test, and installed to separate test environments 

automatically as part of the CI process, the packaged 
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application will then be pushed to a remote file server and 

tagged for client side deployment.  

 

Figure 2. Automated integration process. 

When the build is success the regression test will be 

run against all unit-test classes, again it should pass 

without error or the test will be considered failed and the 

build will be reverted. Once the build and test run is 

completed, a code coverage report will be available on 

the CI server, the report can be drill down to individual 

classes, and the coverage can be down to the method 

level, it shows the percentage of the methods, conditional 

statements covered in the test, it can be served as a guide 

for better fine tune the code test base. The deployment 

phase will begin at this stage, the deployment file will 

then be deployed to the appropriate server depend on the 

pipeline they are at, if the remote server is not accessible, 

the deployment file will be available to download on the 

CI server.  

 

Figure 3. Automation process. 

In Fig. 3, as the automation process is completed, the 

CI server will update the current build version status on 

the progress server, and the whole process just iterate 

until the project is complete.  

The automation process ensures that the code on the 

repository will always be tested and in a workable state, 

able to discover defect code early in the process, prevent 

the unexpected risk with deployments, every build should 

be under predictable. It also eliminates the need for 

manual packaging and deployment process, reduce the 

risk on errors and cuts down the time on human labor 

dramatically. 

IV. EVALUATION FRAMEWORK 

The benefits of practicing continuous integration have 

been reported in the academic literatures in any forms 

[15]. The new CI automation process implemented is 

evaluated by a set of criteria and metric modified from an 

evaluation framework by Mutschler and Bumiller [16] 

The proposed evaluation will be performed on four 

criteria each with a distinct view on the performance and 

effectiveness during the constructing and implementing 

of the automation process, shown in Fig. 4. 

 

Figure 4. Process implementation evaluation criteria. 

The four criteria to be evaluated are process integration, 

process quality, process implementation and stakeholder 

balancing, each criterion is built with metrics for detail 

measurements, which are described as follows: 

Process Integration: Process integration focuses on the 

process level during the implementation process. The 

challenges of integrating new process is the convergence 

of the new process and how it aligns with the legacy 

process, enterprise cannot afford the cost and the risk to 

replace a business process, therefore it is important to 

know how a new process integration performs and the 

quality it brings. Metrics to quantify process integration 

can be the convergence time to the new process, and the 

quality of the integration process, which can be evaluated 

by the time-taken to adapt the new process, does the new 

process disrupt and original process and the 

understanding and collaboration of the new process with 

other stakeholders involved. This criterion can help 

enterprise gain better insights into the effectiveness and 

cost on the integration phase of the new process. 

Process Quality: During a new process integration, the 

quality of a process will reflect the benefits of the process 

itself, it is critical to achieve high productivity during the 

development process. The quality of a new process can 

be identified as the improvement of the time and the 

quality of the implementation. Metrics to evaluate the 

quality of the process can be the responsiveness on the 

change of requirements, the improvement on delivery rate, 

the decrease of error rate during the development phase. 

This criterion can help enterprise gain knowledge on the 

improvement of the new process in the business context. 

Process Implementation: The actual implementation of 

a new process could be time consuming and costly. This 

evaluation criterion can bring the cost consume during 

the implementation of a new process, which includes 

direct cost and hidden cost. Metrics could be quantified 

by the time-taken to implement or the resources invested. 

It includes direct cost such as time invested or the hidden 

cost such as the learning curve or the opportunity cost 

lost during the process. 
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Stakeholder Balancing: The stakeholder balancing 

should be quickly adaptable between all the stakeholders 

involved in the project, as the conflict and debate 

surfaced during the process implementation can be costly. 

The metrics could be quantified by the frequency of 

collaboration problems with stakeholders, the time to 

resolve the conflicts, the effectiveness on the 

communication with stakeholders of the new process. 

This criterion can bring the insights on the collaboration 

with other stakeholders involved during the 

implementation of the new process.  

The questionnaire is designed based on the metrics of 

the criteria to show the different dimensions from the 

implementation process, the data will then be measured 

by referencing methods like software usability 

measurement inventory and bipolar scaling method to 

conduct the analysis and finalize the results. The criteria 

and metrics were constructed and listed in Table II. 

TABLE II. EVALUATION CRITERIA AND METRICS 

Criteria Metric Description 

Process 

Integration 

M1 
The convergence time to the new 

process is fast 

M2 
The convergence quality to the new 

process is high 

Process 

Quality 

M3 

The new process has the benefits of 

improved efficiency on project 

execution 

M4 

The new process has the benefits of 

improved quality on project 

execution 

Process 

Implementation 

M5 
The time spent on the new process 

construction and implementation 

M6 

The resources invested on the new 

process construction and 

implementation 

Stakeholder 

Balancing 

M7 

The extent of conflict and debate 

between the stakeholders during the 

new process implementation 

M8 

The time to create the new 

relationship between stakeholders 

after the new process 

implementation 

There are 32 questions total in our questionnaire, the 

questionnaire includes a mixture of positively-keyed and 

negatively-keyed items; negatively-keyed items will be 

reverse-scored, it means that the responses will be 

transformed so that the item “agree” all indicate positive 

attitude and the undecided item will be factor out so that 

the attribute being measured will show the correct 

positive value, all the agree items will mean positive 

attitude towards the metric and the disagree items will be 

negative attitude towards the metrics.  

V. ANALYSIS AND DISCUSSION 

A survey is conducted using the questionnaire on the 

software development team to evaluate the performance 

and the acceptance of the new process based on the 

evaluation framework. 

 There is a total of 23 respondents, because the 

implementation was for Java software projects, therefore 

only members involved in Java projects took the survey, 

see Appendix C for background of the respondents. With 

four questions for each metric, a total of answers for each 

metric will be 92. The data summary of the responses 

based on the metrics is shown in Table III.  

TABLE III. RESPONSES SUMMARY DATA 

Criteria Metrics Agree Undecided Disagree 

Process 

Integration 

M1 34 38 20 

M2 33 45 14 

Process Quality 
M3 58 25 9 

M4 37 50 5 

Process 

Implementation 

M5 31 45 16 

M6 20 49 23 

Stakeholder 

Balancing 

M7 41 45 6 

M8 34 51 7 

A stacked percentage area chart show in Fig. 5 is 

generated based on the data from Table III, the chart 

showed us the constituent parts of a whole have changed 

for each metrics, and we can have an overall performance 

and acceptance of the process implementation. From the 

stacked area chart, we can see that the metric M1, M3, 

M7, M8 have the highest positive score and lowest 

negative score while M5 and M6 have low positive score 

and high negative score. Based on the chart we can say 

that the convergence time to new process is considered 

fast and the performance of benefits of improved 

efficiency during project execution is considered 

excellent. During the process implementation, resolution 

of the conflict and debate between the stakeholders and 

the time to create new relationship after the 

implementation are considered efficient. However, the 

time spent and resources invested on the new process 

construction and implementation is considered high and 

expensive. 

 

Figure 5. Metrics evaluation. 

The responses summary data was then further break 

down to each question. All respondent and the answered 

items are then summed and not reversed-scored. For each 

response, the score of item “agree” will be set to 1, 

“undecided” to 0 and “disagree” to -1. Each question is 

numbered based on their corresponding metric, summed 

and calculated the average score. With the summed and 

average score of each question, we can further analyze 

the data for each criterion to determine the performance 

and impediments and how we can further improve the 

process. 

The responses summary data was then further break 

down to each question. All respondent and the answered 
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items are then summed and not reversed-scored. For each 

response, the score of item “agree” will be set to 1, 

“undecided” to 0 and “disagree” to -1. Each question is 

numbered based on their corresponding metric, summed 

and calculated the average score. The undecided item will 

not be factored in the calculation. The questionnaire 

scored chart is summed and averaged as shown in Table 

IV. Based on the summed scored and calculated data, 

four charts were generated based on each criterion. With 

the summed and average score of each question, we can 

further analyze the data for each criterion to determine 

the performance and impediments and how we can 

further improve the process. 

TABLE IV. QUESTIONNAIRE SCORED CHART 

Criteria No. Sum Avg. Type 

Process 

Integration 

M1-1 14 0.61 positively-keyed 

M1-2 -13 -0.57 negatively-keyed 

M1-3 13 0.57 positively-keyed 

M1-4 0 0.00 negatively-keyed 

M2-1 9 0.39 negatively-keyed 

M2-2 -8 -0.35 negatively-keyed 

M2-3 19 0.83 positively-keyed 

M2-4 -1 -0.04 negatively-keyed 

Process Quality 

M3-1 15 0.65 positively-keyed 

M3-2 8 0.35 positively-keyed 

M3-3 18 0.78 positively-keyed 

M3-4 8 0.35 positively-keyed 

M4-1 8 0.35 positively-keyed 

M4-2 8 0.35 positively-keyed 

M4-3 5 0.22 positively-keyed 

M4-4 11 0.48 positively-keyed 

Process 

Implementation 

M5-1 6 0.26 negatively-keyed 

M5-2 -1 -0.04 negatively-keyed 

M5-3 11 0.48 negatively-keyed 

M5-4 -1 -0.04 negatively-keyed 

M6-1 -4 -0.17 negatively-keyed 

M6-2 10 0.43 negatively-keyed 

M6-3 -5 -0.22 negatively-keyed 

M6-4 -4 -0.17 negatively-keyed 

Stakeholder 

Balancing 

M7-1 6 0.26 positively-keyed 

M7-2 9 0.39 positively-keyed 

M7-3 10 0.43 positively-keyed 

M7-4 10 0.43 positively-keyed 

M8-1 8 0.35 positively-keyed 

M8-2 7 0.30 positively-keyed 

M8-3 10 0.43 positively-keyed 

M8-4 2 0.09 positively-keyed 

VI. CONCLUSION AND SUGGESTION 

The purpose of this study provides an introduction on 

the implementing of the automation model in continuous 

integration based on the literature review, deployment 

and evaluation on the performance and acceptance of the 

proposed continues integration of agile software 

development. Based on the data collected from the case 

study and the analysis performed, conclusions were 

drawn from the results of this study. 

First, the proposed model appears to have the effect on 

reducing the overall cost of a software project. The data 

analysis shows that during the software development life 

cycle, problems can surface and resolve more quickly and 

there are less problems with deployment, we can 

conclude that the hidden cost on dealing with unexpected 

problems might be reduced. Second, the proposed model 

appears to have a positive implication on the increase of 

productivity, the definition of productivity for 

development teams in software project are usually the 

quantity of the code produced under a specific amount of 

time. The data analysis shows that after the automation 

process deployed, dealing with change of requirements 

can be more efficient, the code can be delivered more 

quickly and less time are used on resolving problems, 

which can all be contribute to the better productivity. 

Third, communication and collaboration with 

stakeholders receive very positive responses from the 

survey, the use of common tools and frequent update of 

information seems to be the main contributors. The value 

of better communication and collaboration can be critical 

factor for improving the effectiveness and efficiency of 

project. 

However, the proposed model does post challenges. 

Based on the evaluation, during the initial phase the 

higher learning curve to the implementation and the 

additional time/resources needed to be invested on the 

constructing and integration of multiple tools, might 

cause unforeseen problems, which should be taken into 

consideration when planning the adoption. Finally, it 

contributes to the delivery of higher quality software and 

more efficient process in software development, 

achieving the software project on schedule and on budget. 
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