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Abstract — Continuous Integration and Continuous
Delivery (CI/CD) is one of the widely discussed topics in the
recent information technology (IT) world within the software
engineering and delivery sectors. CI/CD is an Agile based
DevOps methodology in software engineering that has proven to
help improved quality and efficiency in the software delivery
process which results in cost effective and low risk business
solutions. With the growing demand in the global IT industry
specifically in the DevOps based software engineering,
estimated to reach $8 billion by 2022, up from $3.9 billion in
2017 [1], we commonly see that more focus is now being given to
process optimization to attain efficiencies. Sri Lanka has always
been one of the topmost sought-after destinations for outsourced
IT labor in the world and currently employs 115, 000 skilled IT
professionals [2] and it is important to include the advancements
to process optimization to gain better results and keep up that
momentum going. CI/CD being classified in the international IT
market an improvement as such, the adoption of CI/CD and its
perceived impact among Sri Lankan IT teams were researched.
The literature review carried out did not provide much detail
based on statistical evidence to understand the current adoption
of CI/CD as well as the degree to which it is adopted among the
IT teams specific to the Sri Lankan context. If CI/CD is adopted
within Sri Lanka already, although undocumented, it was also
important to understand what factors impact the adoption rate.
Agile development methodologies are often adaptable to suit the
best working solutions for teams, companies and even
industries, hence there can be major inapplicability when it
comes to studying a global set of factors from different contexts
impacting the Sri Lankan teams. Building from this, the three
top factors stated in international literature, team factors,
stakeholder buy-in and complexity were studied, specifically
within the Sri Lankan context to evaluate their impact on CI/CD
adoption.
Keywords—Continuous Integration, Continuous Deployment.
IT Industry, Software, Technology Adoption, DevOps, Process
Improvements

I. INTRODUCTION
The research studied how Sri Lankan workforce in the
Information Technology (IT) domain is adopting Continuous
Integration and Continuous Delivery (CI/CD) as a software
development methodology and the connection between the
adoption and commonly seen challenges in the sourced
literature within the Sri Lankan context. The main objective
of the research was to build a relationship between the
adoption of CI/CD and its challenges negatively impacting the
adoption rate within Sri Lankan IT teams. The hypothesis of
the negative impact further narrowed down the degree of its
impact with the objective of finding insightful information
helpful to the industry going forward.
A. What is CI/CD?
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Fig. 1. CI/CD is a DevOps methodology in software development and
delivery [3]

Continuous Integration and Continuous Delivery (CI/CD)
is one of the most important and desired processes for modern
code development and delivery for new and transforming
software development environments. CI/CD provides shorter
compilation or build times and faster release cycles with more
automation and testing. Adopting CI/CD processes can drive
innovation and faster time to market for commercial and
enterprise applications [4]. The representation of the process
is explained in Fig. 1 above.
CI/CD is a methodology among companies which has
already adopted Agile and DevOps are picking up a lot of
interest due to the myriad of benefits and efficiencies it offers.
Due to faster integration of code, companies can deliver
quality releases of software much faster thereby helping to
gain a competitive edge in the market [5]. Through
automation, continuous deployment ensures that software can
be reliably released anytime as needed [6]. Continuous
delivery provides the benefit of having all things automated,
improving developer productivity, improving code quality,
and delivering updates to the customers faster [7]. Combined,
CI/CD gives the benefit of faster software releases which are
reliable, of highest quality through test automation and
continuous service provision. Due to the reasons above,
CI/CD is currently being adopted rapidly in the software
engineering industry. Davey [1] has predicted that worldwide
DevOps software market to reach $8 billion by 2022, up from
$3.9 billion in 2017. MediaOps Inc. [8] states that “When
Mabl, a test automation company surveyed 500 software
testers, 53% of the people said their team uses continuous
integration, while 38% embrace continuous delivery and only
29% have adopted continuous deployment”.
B. Where does Sri Lanka fit in in the gloable IT market?
Davey [1] stated that the global information technology
(IT) and software development industry was estimated to be
worth 5.2 trillion US Dollars in 2020 with ninety percent of
the world's exports in software being from the United States
and Europe. United States being the largest in the IT market
represents about 32% of the total accounting to 1.1 trillion
USD with Europe coming in to a close second with 0.34
trillion USD. However, despite the market size occupied by
the two giants above, most of the technology spend comes
from beyond their borders [9].

When talking about the IT industry in Sri Lanka, although
on the above data representations, at a glance the contributions
seem insignificant, the overall strength of the Sri Lankan
workforce has reported to have grown from 82,854 in 2014 to
124,873 in 2018 which amounts to a growth of 50.7%
representing a compound annual growth rate (CAGR) of
10.80% [2]. Within the country, IT companies have become
the dominant employer with a share of 65.5% of the
workforce, overtaking non-IT companies (22%) by a wide
margin. Sri Lanka has captured the attention of global industry
analysts too as a preferred destination for IT labor force. The
ICTA [2], states the below rankings by several global industry
watchers further proving this argument.

adoption and lastly the complexity of the existing systems and
framework as the three main common challenges causing the
biggest impact to the CI/CD adoption among international
software companies and it was assumed the same impacts Sri
Lankan teams as well in the same magnitude. The main
hypothesis and the research question of this research was that
the above challenges have the same impacts to the Sri Lankan
context as well. However, the highly adaptive nature of agile
altering the mindset and the processes of the teams to a more
comfortable and adapted everyday process for a long time
may or may not have altered the impact or the perception
towards the impact within the Sri Lankan context which was
expected to be found out through the study carried out.

• Sri Lanka is ranked among the top 10 emerging global
destinations by Global Services Magazine ‘Offshore
Destination of the Year’ by National Outsourcing
Association of the UK in 2013 and 2014. Shortlisted
for the Award in 2015

D. Significance of the topic
Researching the Sri Lankan context, a gap was identified
between the knowledge available to make IT process
optimization decisions in the Sri Lankan market and
opportunities available to do so hence the study intended to
bridge that gap at a high level. This preliminary research is
then expected to be the foundation of further academic studies
to be carried out when CI/CD continues to establish more
strongly in the Sri Lankan IT community. Since Sri Lankan IT
companies are eager to gain process optimization through
CI/CD, the findings will provide a solid starting point to
evaluate where they are, identify the pros and cons of the
process, remove blockers, and mitigate risks in the adoption
and continuation efforts of CI/CD. The data set would provide
insights to make informed decisions about all future CI/CD
adoption efforts within the country and within other IT
markets in the Asian regions sharing common mindset and
process cultures.

• Ranked in Gartner’s 30 ‘Leading Locations for
Offshore Services’ positioning among the Top 6 in
Asia Pacific in 2016
• Ranked 11th in the A.T. Kearney’s Global Services
Location Index (GSLI) in 2017
• Ranked 12th in the top destinations in IBM Global
Location Trends Report in 2012
• Ranked 16th in the Tholon’s top 100 outsourcing
destinations in the world in 2016
In the Sri Lankan context of software engineering, Safwan
et.al. [12], in their research has found out that 68% of the
respondents to their survey are currently using and involved
with Agile methodologies in their developing process. These
shows that almost three quarter of the population are adopting
Agile and even though there are no documented statistics to
prove its growth, it can be fairly assumed it only increased
from there till 2020. As the next step, it is safe to assume that
just like any other country breaking through the economic
barriers in the IT industry, most of the Agile following
companies in Sri Lanka too are looking towards process
optimization using CI/CD.
C. Research Question
This brings us to the problem statement which was the
foundation of the research carried out. Although there is an
understanding suggesting the adoption of CI/CD in Sri Lanka,
there is very less documented evidence providing us with any
details on the success or failure of adoption, adoption rates and
the positive/negative impact of CI/CD in the Sri Lankan
software development industry. Moreover, the challenges
associated with CI/CD adoption have not been studied within
the context of Sri Lankan teams which would be the main
objective of the research. Due to the above significance of the
IT industry to Sri Lanka and the international attention Sri
Lanka has been getting for skilled labor in the domain, the
importance of statistical evidence to how well Sri Lanka can
adopt the next step of CI/CD towards process optimization
and how the challenges contribute to its progress is vital. The
presence of this information can help the IT industry of Sri
Lanka immensely.
Related literature review commonly mentions team factors
such as communication, skill, collaboration and openness
towards change, stakeholder buy in and support for CI/CD

II. METHODOLOGY
A. Theoretical Framework Formulation
The literature review gathered empirical evidence on the
factors impacting CI/CD adoption in the global IT context
which then used for factor analysis. The empirical evidence
thus gathered which formulated the basis for the correlations
studied are shown in Figure 2.

Fig. 2. Emperical Evidenece representation

Based on the secondary data studied above, the analysis
below was carried out to select the three top issues CI/CD
faces in general towards a successful implementation and
adoption. The data are shown in Figure 3. It was evident from
the literature review that Team Dynamics, Stakeholder buy-in
and Complexity were the main factors impacting the adoption
of CI/CD. Due to the agility of the development environments
and heavy adaptation capabilities of the methodologies itself,
these challenges may/may not have an impact on the same
research problem in the Sri Lankan context and hence the
question was formulated.

How does Team factors, Stake holder Buy-In and
Complexity impacts the adoption of CI/CD in Sri Lankan
Software Engineering team?
Literature paper
(Chen, L. 2017)

(Hukkanen, L. 2015)

Factors
• Acquiring the buy in from various stakeholders for change in
process including the upper management. (1)
• Gaining sustained support from dynamic work environments (1)
• Maintaining team momentum as the CICD process demands an
additional strenuous effort over a long period of time compared
with other methodologies. (2)
•
•
•
•
•
•
•

(Anastasov, M. 2020)

•
•

Laukkanen, E. et al 2017)

•
•
•
•
•
•
•
•
•
•
•
•
•
•

Unavailability of test automation and testing techniques which are
reliable than manual testing. (3)
Team communication and collaboration issues breaking down
feedback loops. (2)
Distributed development sites causing anti-uniformity in practices
and processes. (2)
Change resistance from the teams to move from current processes
to CICD. (1)
Unsupportive legacy architecture, hardware, and tools for CICD (4)
Domain applicability, size, and complexity of the product (5)
Understanding and skills required by teams for CICD being
unavailable or costly. (2)
Customers refusing constant updates to the products. (1)
Regulations restricting how software is updated. For example,
continuously updating software used in aerospace, telecom, and
medical industries is not an option. (6)
Complex and inflexible builds where the build system, scripts are
either too complicated or complex. (5)
System modularization and internal dependencies (changes to
database schema) (5)
Unsupportive legacy architecture, hardware, and tools for CICD (4)
Large code segments are integrated by individuals. (2)
Merge conflicts where changes integrated reveals conflicts (5)
Broken builds where builds stay broken for a long time or breaks
too often. (5)
Long running branches where the code developed in a branch runs
for a long time. (5)
Slow integration approval where changes are approved very
slowly. (1)
Developers get distracted and the development flow breaks. (2)
Ambiguous test results and flaky tests delaying the error
identification. (3)
Hardware, UI, multi-platform tests requiring special skills and
effort. (2)
Customers refusing constant updates to the products. (1)
Lack of discipline of team members (2)
Lack of skill and motivation (2)

Fig. 3. Literature review findings: CI/CD challenges

The literature review showed less evidence on CI/CD
specific models to discuss the adoption and impacting factors
when formulating the theoretical framework. There is less
research and secondary data on software engineering
frameworks which were found to be relevant to the topic in
discussion as well hence the research problem was looked at
in the perspective of general technology adoption.
The dependent variable for the research being “CI/CD
adoption in Sri Lankan software teams”, the topic was
generalized considering it to be another technology adoption
use case and similar research carried out were studied. Several
models and frameworks have been developed and used in
research to explain user adoption of new technologies as per
H. Taherdoost [12], such as the Technology Acceptance
Model (TAM) (Davis 1989), Theory of Planned Behavior
(TPB) (Ajzen 1991), Diffusion of Innovation theory (Rogers
1862), Theory of Reasoned Action (TRA) (Ajzen and
Fishbein 1973, 1975), Motivational Model (Vallerand 1997),
Unified Theory of Acceptance and Use of Technology
(Vankatesh et al. 2003) and Social Cognitive Theory
(Compeau and Higgins 1995).
Technology acceptance model (TAM) explains the
motivation of users by three factors: perceived usefulness,
perceived ease of use, and attitude toward use. The basic TAM
model included and tested two specific beliefs: Perceived
Usefulness (PU) and Perceived Ease of Use (PEU).

Due to the reasons above on its ease of use and high
applicability, the TAM model was concluded to be the ideal
model to discuss and analyze the adoption of CI/CD in Sri
Lanka.

Fig. 4. TAM model

Based on the literature review carried out and the variables
thus narrowed down for the study, the below theoretical
framework was developed.

Fig. 5. Theoretical Framework for the research

The research onion model developed by Saunders et. al.
[12], was used as the basis for the evaluation of available
options in determining the research methodology throughout.
B. Research Instrument
Considering the confidence level to be 95% and the
margin of error 6.5%, for the population of size 25,000, a
sample size of 225 was considered (+ or – 10 respondents).
The questionnaire was initially shared with 80 individual
professionals via LinkedIn network and was requested to be
shared among their company employees, colleagues, and
friends to create a snowball sample.
C. Hypoethesis Formulation
As per the empirical evidence above, below hypothesis
were formulated to be tested and proven through primary data
collection.
•

H1 – Team factors have a significant positive impact
on the adoption of CI/CD in Sri Lankan Software
Engineering teams

•

H2 – Having stakeholder Buy-In has a significant
positive impact on the adoption of CI/CD in Sri
Lankan Software Engineering teams

•

H3 – Complexity in existing systems and processes
has a significant negative impact on the adoption of
CI/CD in Sri Lankan Software Engineering teams

III. RESULTS
A. Demographic Factor Analysis
Few slices of the data collected by factors are below.

Fig. 10. SH buy-in
Fig. 6. Respondents by Profession

Fig. 7. Respondents by Agile expereince

Fig. 8. Respondents by CI/CD expereince

B. Statistical Analysis for key variables
1) Team Factors

The negative skewness of - 0.072 showed positive
correlation, determining team factors to be of a higher
influencing factor towards CI/CD adoption. The kurtosis of
0.129 being slightly positive due to the peaked nature of the
distribution of the responses between the range 3- 4, with the
mode of 4. The mode, 4 shows that most of the respondents
picked ‘Agree’ on the statements depicting the importance of
it for the independent variable. However, the mean value is
3.6747 averaging only slightly above the High indicator with
a standard deviation of 0.641 which shows a slight deviation
from the mean value. Compared to the team factors, the
respondents seem to consider team factors is of higher
importance than stakeholder buy-in. However, overall, the
stakeholder buy-in factor is in the high category showing a
positivity in the responses received thereby showing an impact
on the CI/CD adoption positively.
3) Complexity

Fig. 9. Team Factors

The negative skewness of - 0.095 showed positive
correlation, determining team factors to be of a higher
influencing factor towards CI/CD adoption. The kurtosis of 0.456 being negative is due to the flat nature of the distribution
of the responses, although the mode is 4, the rest of the data
seem to have spread throughout the range between 2 to 5
causing a negative kurtosis. The mode, 4 shows that most of
the respondents picked ‘Agree’ on the statements.The mean
value is 3.8554 averaging above the High indicator with a
standard deviation of 0.606 which shows a slight deviation
from the mean value. However, overall, the team factors are
in the high category showing a positivity in the responses
received thereby showing an impact on the CI/CD adoption
positively.
2) Stakeholder Buy-In

Fig. 11. Complexity

The negative skewness of - 0.805 showed plosive
correlation, determining complexity to be of a higher
influencing negative factor towards CI/CD adoption. The
kurtosis of 0.962, being comparatively positive due to the
peaked nature of the distribution of the responses between the
range 3- 5, with the mode of 4. The mode value being 4 shows
that most of the respondents picked ‘Agree’ on the statements
depicting the importance of it for the independent variable.
However, the mean value is 3.9378 averaging slightly above
the High indicator with a standard deviation of 0.681 which
shows a slight deviation from the mean value. Compared to
the team factors and stakeholder buy-in, the respondents seem
to consider complexity is of the highest importance in the
order followed by team factors and then lastly, the stakeholder
buy-in. However, overall, the complexity factor is in the high
category showing a positivity in the responses received
thereby showing a negative impact on the CI/CD adoption as
anticipated.
C. Hypothesis Test Results

The relationship and prediction between the dependent
and independent variables can be expressed in a linear
regression equation as below. Where,
Y

= dependent variable which is CI/CD Adoption

b0

= intercept value

b1

= slope coefficient value

x

= independent variable
Y = b0 + b1x

()

The relationship and prediction between the dependent
and all independent variables which shows positive
correlations can be expressed in a linear regression equation
as below. Where,
Y

= dependent variable which is CI/CD Adoption

b0

= intercept value

b1..k = slope coefficient value for each dependent variable
x1..k = dependent variables which are team factors and
stakeholder buy-in with significant positive
correlations
Y = b0 + b1x + b2x + b3x +  + bkx
Variable

Correlation
Analysis

Team Factors

R = 0.467
P = 0.000

Linear
Regression
Analysis
0.404

()

Equation and hypothesis test result

CI/CD Adoption = 2.277 + 0.404 (Team
Factors)
Moderate Positive relationship

Stakeholder Buy-In

R = 0.342
P = 0.000

0.279

Null hypothesis rejected
CI/CD Adoption = 2.813 + 0.279
(Stakeholder Buy-in)
Moderate Positive relationship

Complexity

R = 0.132
P = 0.048

0.101

Null hypothesis rejected
CI/CD Adoption = 3.440 + 0.101
(Complexity)
Weak Positive relationship
Null hypothesis not rejected.

Multiple Regression
Analysis

R = 0.526
R squared = 0.277
Team Factors/Stakeholder Buy-In – P= 0.000
Complexity – P = 0.143
CI/CD adoption in Sri Lankan Software Engineering teams = 1.761 + 0.347
(Team Factors) + 0.201 (Stakeholder Buy-In)

Fig. 12. Data Analysis and derived conclusions

D. Limitations of the study
• Sample was limited to a maximum of 225 IT
professionals and technique used was snowball
sampling leading to a population with similar values
and attitudes which might have had an impact on the
results.
•

Survey with close ended questions limited clarity

•

Limited use of independent variables – would have
been also possible to find out the critical impacting
factors had all variables been studied.

IV. CONCLUSION
A. Analysis of the research question
After the data analysis, it was concluded that hypotheses
H10 and H20 can be rejected successfully hence proving the H1
and H2 hypotheses. The Pearson’s correlation coefficients
observed for both team factors and stakeholder buy in
variables showed a moderately positive linear relationship
with complexity showing a weak positive linear relationship.
The null hypothesis for Complexity, H30 hence could not be
fully rejected. The main observation in this research during the
hypothesis testing was that as per the literature reviewed in
formulating the hypotheses, there was a significant difference
between the contributing factors and the CI/CD adoption
observed when the analysis was carried within the Sri Lankan
context.
1) Team Factors
Among the most important team factors impacting the
CI/CD adoption, knowledge and competency in the critical
tasks, specialization in the specific tasks such as DevOps, Test
automation, communication, collaboration capabilities,
teamwork, improved motivation, improved perception on ease
of use and usefulness of CI/CD, adoptive nature for change
and agility are most important factors to be working on in
teams. As leaders or software engineers who are attempting
either to adopt or implement CI/CD in the teams, these are
some of the areas they can invest on first. With regards to
Team factors, 63% of the respondents stated it has a higher or
the highest impact on CI/CD adoption. The software engineers
can focus on building on the above skills individually and
managers can motivate the same to upskill in these areas.
Since the perceived usefulness and ease of use play a
significant role, it is also important that awareness on the
advantages and long term benefits are commonly discussed
among the teams to uplift motivation and gain common
interest on the subject.
2) Stakeholder Buy-In
The support of the upper management, effective risk and
challenge management, customer support on the new process,
more responsibility and confidence on CI/CD shown by the
stakeholders and adequate investments are the most important
criteria identified as driving factors through this research. As
per data collected, 61.1% of the respondents stated that
stakeholder buy-in have a higher or the highest impact on
CI/CD adoption. The software engineers can present
articulated proposals when gaining for stakeholder buy-in
showing the benefits and impacts CI/CD have on the current
and future goals of the company. As the top management of
the company, it is important to build a sense of trust and
confidence in CI/CD for the teams to reflect on. It is also
important to get the buy-in for the change of processes by the
customers focusing on the benefits it brings such as quick
delivery, faster feedback, better tested software etc. so that the
adoption process can be seamless.
3) Complexity
Even-though the data analysis results were not strong
enough to statistically prove the significance of complexity
negatively impacting CI/CD adoption, 52.4% of the
respondents stated that complexity has a higher or the highest
impact on CI/CD adoption. Factors such as the complexity of
existing systems, dependencies and conflicts, technical
challenges are seen as the main areas the teams need to work
on in order the adopt CI/CD successfully. The management

and the teams should focus on improving the current set up of
the systems creating dependencies and hindering the
implementation of CI/CD. If the company doesn’t have the
technical expertise enough to deal with this issue alone, this
would be a good place where investment on technical
consultation can help in arriving at cheaper solutions to the
problems.
4) Other contributing factors
• Rapid nature of the CI/CD pipeline creating
unrealistic deadlines
•

Market behavior influencing/driving the frequency of
releases being deployed

•

Different software languages using different CI/CD
tools

•

Initial infrastructure and licensing set up taking up a
lot of time and effort

•

Prolonged and unnecessary resource utilization

•

Platform dependency

•

Challenges in improving test automation coverage

5) Other Recommendations
• Investing in inhouse CI/CD champions or workshops
from industrial experts
•

Using a hybrid approach until later CI/CD pipeline
can be fully implemented

•

Knowledge sharing process in CI/CD

•

Strong enforcement of processes

•

Using alternate pipelines and processes Travis CI,
Concourse CI, AWS Code Pipeline

•

A piece meal approach to CI/CD implementation

•

Maintain a pipeline audit log to track the progress and
figure out the causes of failure, identifying, and
redirecting the team responsible for fixing any CI/CD
challenges or issues.

In conclusion, the impact of team factors, stakeholder buyin and complexity in the current context of Sri Lankan
software engineering teams are heavily reliant on
country/team specific factors and a globally adapted processes
cannot be directly implemented in environments farther from
the source. The research did find out significant correlation
between Team factors and Stakeholder buy-In with CI/CD and
further research is needed to derive more conclusive
correlations between Complexity and CI/CD. As observed,
CI/CD is a significant buzzword in the global context of
software engineering right now and it is evident from the
results that it has already found a place of significance in the
Sri Lankan context well. It is further delightful to see the
degree to which it is currently exiting among the teams hence
it is hoped that this research and its findings will further
strengthen the CI/CD implementation efforts by teams.
6) Directions for future research
Below recommendations can be given for future research.

•

For future research, to carry out studies with
alternative or more variables to arrive at more definite
conclusions on the contributing factors.

•

Use a mixed method choice for further studies where
the responses received can be interpreted much better
based on the demographic aspects of the respondents.

•

Narrow down the size of the population as much as
possible to be specific to an intended sample but
however, go for a bigger sample of population

•

Instead of the sampling method used which was nonprobabilistic snowball, use a probabilistic sampling
method to get a more realistic and unbiased slice of
the population. The random chance in a population
can work against the research objectives hence its best
to avoid the same.

•

Use more variables as explained above for the
conceptual framework to formulate a stronger model.

•

Focus on future studies covering not only the impact
of the contributing factors but also the degree of
impact which can help companies with limited
resources with prioritization to realize the most
critical elements to address first.
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