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Abstract - The rapid pace of change in information technology has caused increasing frustration to the heavyweight plans, 
specifications, and other documentation imposed by contractual inertia and maturity model compliance criteria [1]. 
Struggling with these challenges, many software organizations start to adopt Scrum which is one of the most used agile 
methods. It is useful for software organizations to update their software development process based on CMMI for a more 
disciplined process base without losing their agility using Scrum. This paper is to draw on a real-world use case on a 
software group which meets the definition of a small organization whose product portfolio covers a variety of products 
including embedded components and remote monitoring systems for heavy construction machinery. A case study is 
presented wherein the organization has embarked on a software improvement initiation for one of their projects to conform 
to CMMI Level 2 requirements while simultaneously transitioning the same team to implement Scrum. A significant output 
of this work is a functional mapping between the elements of Scrum and the goals and practices of CMMI Level 2 to 
demonstrate that the software development processes as defined by the Scrum fulfill the requirements of a CMMI Level 2 
project.  
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I. INTRODUCTION  
 
In recent years, two dominant trends associated with 
software development methodologies have emerged 
to improve customer satisfaction, product quality, 
team productivity, and to establish more predictable 
milestones in software organizations.  
The first trend followed primarily by large software 
organizations is the adoption of the CMMI 
(Capability Maturity Model Integrated) model [2]. 
CMMI provides a systematic, planned, and consistent 
framework for the institutionalization of software 
development processes to produce quality products in 
a sustainable and scalable way. The second trend is 
the adoption of agile software development methods 
by smaller software organizations. Agile methods 
provide an iterative and adaptive solution to increase 
the ability of the project team to adapt quickly to 
frequent and continuous changes occurring in the 
project’s environment during the project’s execution. 
They also speed up the release of usable software 
product releases in such a challenging environment.  
Small- and medium-sized software companies that 
would like to work as sub-contractors of CMMI-
compliant contractors in large-scale global projects 
tend towards adopting software processes that meet 
CMMI process requirements, but without sacrificing 
their agility.  
 
The company narrated in this case study is a 
developer of embedded and remote monitoring 
software for a national construction machinery 
manufacturer. Initially, its practiced but 
undocumented software development processes were 
mainly consisted of an ad-hoc combination of 

practices borrowed from various agile methods. The 
company had a vision of jointly developing new 
software products with some global international 
companies as a subcontractor. They were in search of 
help and guidance to find and implement a cost-
effective and practical solution to reach a higher 
quality level of production with more disciplined 
software development processes.  
We, as process consultants from the academia, 
advised the company management to adopt the Scrum 
method and offered help for ensuring CMMI 
compliance in a year with some specific additions and 
customizations to the Scrum agile practices. A 
software process improvement project has been 
carried out with an active university-industry 
cooperation and presented here as a software 
engineering case study. During the study, a functional 
mapping was developed between the elements of 
Scrum and the requirements of the CMMI Level 2 
project planning and project monitoring and control 
process areas. The discovered process gaps were 
closed by additional custom-designed practices, and 
the new processes were efficiently implemented in a 
pilot project using a set of open-source software 
tools, like Jira and Confluence. The CMMI 
compliance of the implementation was finally tested 
with a process self-assessment at the closing.  
 
This paper is divided as follows: Section 2 presents 
the related work, Section 3 summarizes the basics of 
CMMI and Scrum; Section 4 explains the research 
considerations and the case study design; Section 5 
describes how the field procedure is constituted, data 
is collected, and any deviations in the project; Section 
6 presents the status & gap analysis results for the 
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software organization; Sections 7-9 discusses the 
mapping between CMMI Project Management 
Process Areas and Scrum elements; and the last 
section concludes the paper with final remarks.  
 
II. RELATED WORK  
 
Most of the previous studies in the literature show 
that agile methods and CMMI framework are 
compatible with each other [3-17].  
 
Vriens [4] showed that CMM Level 2 requirements 
can be met when the XP and Scrum agile methods are 
used together. Kahkönen and Abrahamsson [12] have 
experimentally proved that software development 
processes using the practices of the XP meet the 
requirements of the CMMI. Pikkarainen and 
Mantyniemi [15] proposed a mapping to demonstrate 
the relationship between the agile practices and the 
CMMI's specific goals (SGs) in the Project Planning, 
and Requirement Management process areas. They 
also supported this with an experimental application. 
Sutherland et al. [7] and Jakobsen et al. [16] showed 
the relationships between the Scrum practices and the 
CMMI Level 5 requirements. Machic and Zabkar 
[17] conducted a study to show how the CMMI 
measurement and analysis practices could be 
implemented with the Scrum-based software 
development process. Marcal et al. [6], set out from a 
matching study by Pikkarainen and Mantyniemi [15], 
conducted a more detailed but theoretical mapping 
study between CMMI Project Management process 
areas and Scrum elements. The relationship between 
the specific practices of CMMI Maturity Level 2 and 
3 process areas and Scrum was studied by two other 
groups: Jakobsen et al. [18], and Potter and Sakry 
[19] with positive outcomes.  
The case studies, on the other hand, generally focus 
on how the CMMI could be applied together with 
agile methods [20-25]. There are very few case 
studies that show the explicit mapping between 
Scrum and CMMI [15, 25]. Pikkarainen and 
Mantyniemi [15] presented three case studies to 
validate the mapping between the agile practices and 
the CMM's specific goals in the Project Planning and 
Requirement Management Process Areas. Garzas and 
Paulk [25] conducted a software process 
improvement study to show the collaboration 
between CMMI and Scrum using the data obtained 
from 12 Spanish software companies.  
Our work augments the Scrum practices to provide a 
full CMMI Level 2 compliance in project 
management process area and does validation on a 
pilot project implementation.  
 
III. CMMI AND SCRUM  
 
According to the Software Engineering Institute 
(SEI), CMMI is a reference process improvement 
maturity model for the development of products and 

services [2]. CMMI presents the best practices to be 
implemented during the development and 
maintenance activities in the software product 
lifecycle. CMMI Staged Model defines five levels 
and 22 process areas. The two Project Management 
process areas, where we focus in this study, are in the 
second or managed level: Project Planning (PP), 
Project Monitoring and Control (PMC).  
 
Scrum, on the other hand, is an agile product 
development framework based on empirical process 
management principles. Scrum processes are carried 
out in a cycle called 'Sprint' and are governed mainly 
by items (tasks, activities, and works) based on 
principles of transparency, observation, and 
adaptation [3]. 
 

 
Figure 1: Scrum Framework [26] 

 
The schematic structure of the Scrum framework is 
shown in Figure 1. Each Sprint is usually set at a time 
interval of 1 to 4 weeks. All phases of traditional 
software development processes (requirement 
determination, design, implementation, testing, etc.) 
are applied together in a Sprint. The Sprint Planning, 
Daily Scrum, Sprint Assessment, and Sprint 
Retrospective meetings that are executed during the 
Sprint are called Scrum events. A self-organized and 
cross-functional Scrum Team consists of Product 
Owner, Development Team, and Scrum Master. 
Work products arising from the functioning of Scrum 
are defined as Product Backlog, Sprint Backlog, and 
Product Increment. The evaluation of these work 
products is done according to the ‘Definition of 
Done’ used during operation.  
 
IV. RESEARH CONSIDERATIONS AND CASE 
STUDY DESIGN  
 
In this study, our initial goal was to raise the 
organization to the CMMI Level 2 as soon and as 
efficiently as possible within a software process 
improvement project and doing this transformation 
without interrupting the execution of the 
organization’s active projects.  
To achieve this goal, we decided to start with Scrum 
to formalize the currently followed but not 
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documented agile practices of the organization. These 
were complemented with specific practices from 
CMMI. We used some open-source software tools to 
support the project management process.  
Along with this direction, the following Research 
Question (RQ) was raised for this study: How does a 
small software organization achieve CMMI Level 2 
in project management processes by using Scrum 
software development method?  
 
Initially, a detailed status & gap analysis conducted 
by the advisors in two months helped to determine 
the status of the organizational project management 
process and what needs to be done to comply with the 
CMMI Level 2 requirements. And then, the senior 
management and technical managers reviewed the 
results and approved the initiation of the software 
process improvement project that targets to develop 
Scrum-based processes that also satisfies CMMI 
requirements.  
 
One of the active projects in the software 
organization was selected as a pilot project for this 
purpose. Software process improvement (SPI) team 
consisted of the senior manager, technical manager, 
process improvement advisors, and the project’s 
development team that is led by a senior software 
engineer who had Scrum experience and a Scrum 
Master certificate.  
 
The first step was the induction and orientation of the 
SPI team through short training sessions in software 
process improvement, CMMI, and Scrum for a 
month. In the meantime, the team agreed to a 5-
month high-level project plan, or a process 
improvement roadmap, as shown in Figure 2. 
According to the plan, two CMMI Level 2 process 
areas were to be studied every month, and a 
consolidation and closure phases for reviewing and 
consolidating the processes collectively after 
completing the improvements for each process area 
were to be carried out in the remaining two months. 

 
Figure 2. Process Improvement Project Roadmap 

 
V. FIELD PROCEDURE, DATA COLLECTION 
AND DEVIATIONS IN THE PROJECT  
 
The SPI team collaboratively worked on the project 
for a maximum of 6 hours per week divided in two 

sessions in the company’s premises. Due to the other 
workloads of the team members, the planned 
activities were usually done only during these 
meeting times. It was assumed that only an additional 
25% (~1.5 hours) working time per week would be 
required for solo studies. Of course, advisors spent 
many extra hours for getting prepared for the 
meetings and reviewing the material produced in the 
meetings.  
 
The advisors initially introduced the CMMI 
requirements, related Scrum practices, and the 
process gap for each focused process area in one 
meeting. This was followed by brainstorming 
meetings for the rest of the month where the 
organization process was defined, and documentation 
was drafted under the supervision of the advisor.  
Some deviation from the roadmap was observed and 
compensated during the last two stages of the 
roadmap.  
 
VI. STATUS & GAP ANALYSIS  
 
SCAMPI C method [27] was used as a reference to 
assess the organization’s software development 
processes. The advisors elicited the status information 
about the processes via some informal group 
interviews with the whole development team. These 
interviews also helped discover the currently 
available process documentation, such as process 
definitions, and other evidence that shows whether or 
how the processes were being applied in practice.  
The checklist used in the status & gap analysis 
included the Specific Goals (SG), the corresponding 
Specific Practices (SP), and the sub-practices under 
them for each process area CMMI Level 2. The 
advisors checked the following three criteria for each 
specific sub-practice in the checklist:  
 
1. Is the practice documented in any way?  
2. Is the process applied in practice?  
3. Is there any evidence confirming its application?  
 
The checklists for Project Planning, and Project 
Monitoring and Control process areas are shown in 
Figure 3 and 4, respectively. The results are shown 
with a three-coloring coding. Red color means there 
is no corresponding documentation or evidence, or 
the practice is not applied, Yellow color means there 
are some documentation and evidence, or the practice 
is partially applied, and Green color means that there 
is sufficient documentation or evidence, or the 
practice is fully applied.  
 
At the same time, to increase the presentability of the 
findings to the senior management, some values were 
assigned to each coloring code: That is 0 for Red, 1 
for Yellow, and 2 for Green color. We obtained the 
level of implementation for each specific practice by 
averaging the values assigned to each of its sub-
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practices. We also computed the level of 
documentation, application, and evidence for each 
process area similarly.  
 
The results of the status & gap analysis for the Project 
Planning process area are given in Figure 3, and the 
results for the Project Monitoring and Control process 
area are shown in Figure 4. 

 

 
Figure 3: Project Planning Process Area Status & Gap 

Analysis Results 
 

The status & gap analysis on the Project Planning, 
and Project Monitoring and Control process areas 
raised several observations:  
 
1. Although some type of planning for the project 

budget and schedule was being practiced, the 
required sub-practices were partially being 
applied in practice.  

2. The project budget and schedule planning 
activities were being done informally and not 
documented in most cases.  

3. Too many tasks were being assigned to the 
development team in the weekly meetings. As a 
result, the work was not being completed and the 
deadlines set for most of the tasks in the previous 
weeks were being postponed in the meetings.  

4. Although a To Do List was specified at the 
beginning of the Project, the development team 
worked without a real schedule and deadline.  

5. Although the applied software development 
process is called as agile by the team, the actual 
applied process was not following the principles 
of agile methods properly.  

 

 
Figure 4: Project Monitoring and Control Process Area Status 

& Gap Analysis Results 
 

This analysis results together with the advisors’ more 
detailed notes and remarks guided the SPI team 
throughout the project.  
 
VII. MAPPING CMMI PROJECT PLANNING 
PROCESS TO SCRUM  
 
The mapping study between Scrum practices and the 
14 specific practices of CMMI Level 2 Project 
Planning Process Area was done based on the staged 
representation model defined in CMMI_DEV [2]. 
Table 3 shows the three specific goals enclosing 14 
specific practices of the Project Planning Process 
Area.  

 

 

 
Table.3 Specific Goals and Specific Practices of PP 

 
In the level that we call as the “Low Level,” the 
specific practices SP 1.1, SP 1.2, SP1.4, SP 2.1, SG 
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3.1, SP 3.2, and SP 3.3 were addressed by adding 
them in the agenda of related Sprint meetings. In the 
“High Level”, the specific practices (SP 2.2 – SP 2.7) 
related to planning were addressed through product 
release cycles in every three months, and the 
Roadmap Planning Meetings done at the milestones 
with an agenda that takes the above practices into 
action.  
 
Scrum does not address properly or openly addresses 
the risk, data, project resources, needed knowledge 
and skills, stakeholder involvement plan in the CMMI 
Project Planning process area’s specific practices. 
Tabular schemas were created for each of these areas 
and were reviewed in all Roadmap Planning 
Meetings to satisfy these requirements. Sub-practices 
in SP 2.6 which were not identified in the Sprint 
product development process were met by organizing 
interim meetings with the customers and other project 
stakeholders.  
 
The Product Backlog and Sprint Backlog were 
recorded on the Atlassian JIRA tool which is a web-
based project management tool developed for Scrum 
projects. The process documentation requirements 
coming from the CMMI were satisfied using the 
Atlassian Confluence which is the content 
management system of the “wi-ki” structure. All 
documents were expressed in the form of hyperlink-
related templates and/or checklists.  
 
Finally, a mapping table which maps the Project 
Planning Process Area’s specific practices to 
corresponding Scrum elements is given in Figure 5. 
As seen in the table, the documentation workload was 
reduced and the necessary documentation was 
simplified by minimizing repetition of information. 
The integration of this mapping table and the project 
management tool JIRA mentioned above provided 
significant benefit in reducing the workload required 
for process documentation and auditing. 
 
Table 1 and Table 2 represent abbreviations for the 
meetings organized during software product lifecycle 
and the plans, guidelines, checklists, templates, etc. 
created for supporting the processes, respectively. 
 

 
Table.1 Abbreviations for Meetings 

 
Table.2 Abbreviations for Documents, Templates and 

Guidelines 
 

 
Figure 5: The CMMI – Scrum PP Mapping Table 

 
VIII. MAPPING CMMI PROJECT 
MONITORING AND CONTROL PROCESS TO 
SCRUM  
The mapping study between the Scrum practices and 
10 specific practices on the CMMI Level 2 Project 
Monitoring and Control Process Area was done using 
the staged representation model defined in 
CMMI_DEV [2] as a reference.  
Table 4 represents the two specific goals enclosing 10 
specific practices of Project Monitoring and Control 
Process Area.  

 

 
Table.4 Specific Goals and Specific Practices of Project 

Monitoring and Control Process Area 
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CMMI requirements are generally met with the 
conduct of the Roadmap Planning Meetings at the 
High Level, and application of the Scrum practices in 
the Low Level. The review activities corresponding 
to practices and the meetings they will be conducted 
were organized as a table as in Figure 6.. In the 
meetings, the planning documents were used as 
checklists. Therefore, such a table summarized all the 
activities that satisfy the requirements in Project 
Monitoring and Control process area at once.  
This mapping table and the use of project 
management tool JIRA have reduced the effort and 
costs required for implementing the project 
monitoring and control process. 

 

 
Figure 6: The CMMI – Scrum PMC Mapping Table 

 
IX. CMMI SUPPLIER AGGREMENT 
MANAGEMENT PROCESS AREA  
According to CMMI_DEV [2], the provided products 
and services from suppliers need to be managed from 
product development to customer delivery with 
specific practices of the Supplier Agreement 
Management Process Area. In Scrum, there is no 
corresponding practice for this type of management 
of the products, product components, and services 
acquired from suppliers.  
Since the software organization in this case study 
does not use any subcontractors and is not responsible 
for the supplier relations in the overall organization, 
this process area was excluded from our study.  
 
CONCLUSION  
 
This study is a good example of a university-industry 
collaboration where the advisors from the university 
helped a small software organization to discipline and 
institutionalize its processes for developing remote 
monitoring systems and embedded components. The 
related Scrum practices were mapped to CMMI Level 
2 Project Planning and Project Management and 
Control process area specific practices practically. 
The process documentation and process application 
was supported and eased by using Atlassian Jira and 
Confluence.  

An important caution is that we accepted the specific 
practices and sub-practices of CMMI process areas as 
required in this study. Although they are optional in 
the CMMI framework, this assumption helped us to 
develop organizational processes that are consistent 
with best practices.  
The stages of the study are given in a case study 
format where every stage from planning to 
implementation is briefly explained and some 
important issues are highlighted for future 
implementers. A distinctive feature of this study is 
that the new processes were immediately applied to a 
pilot project at the improvement work was done. This 
ensured the gaps and impracticalities to be discovered 
and taken care of within the timeframe of the study.  
According to the results of our mapping study, we 
assert that the requirements of CMMI Level 2 Project 
Management related process areas can be satisfied by 
tailoring and extending the Scrum practices as 
explained in this paper.  
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