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ABSTRACT

The innovation of new technologies and dynamic marketing
environments led software organizations to adopt standards
and best practices. The main objectives of these organization
are to improve engineering and development, management of
service delivery, and supplier management processes. The
Capability Maturity Model Integration (CMMI) provides
models for acquiring products (CMMI-ACQ), models for
quality services (CMMI-SRV), and models for development
(CMMI-DEV). The CMMI follows a set of stages known as
the CMMI levels from one to five that determine an
organization maturity level. Therefore, as the organization
raises its maturity level to a higher level, it increases
productivity, Return on Investments (ROI), and resource
utilization. However, as a reference model, CMMI does not
provide tools with the dynamic behavior of a competitive
environment; therefore, organizations strive to enhance their
market shares. This paper proposes to integrate the dynamic
capability model with the CMMI; accordingly, the proposed
model adapts and empowers the organization’s resources
competitively. This paper intends to add dynamic capability
components as part of the CMMI levels four and five. The
proposed framework was validated using the System Usability
Scale (SUS) model. Results showed that the model is
applicable and useful to enhance organization competence.
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1. INTRODUCTION

Software quality aims to increase productivity, minimize
rework, and reduces regression tests [1], [2]. The Capability
Maturity Model Integration (CMMI) implementation increases
organization efficiency, productivity, and enhance customer
satisfaction and organization profit [3]. Several studies have
reported the advantages of adopting the CMMI model [3]-[6].
According to a study of 30 organizations that implemented
CMMI, the medians from the sample showed 34% reduction in
cost, 50% reduction in schedule, 61% increase in productivity,
48% increase in product quality, and 14% increase in customer
satisfaction [7].

Figure 1 shows the CMMI four categories of interleaved
process areas. The organization process management
empowers project management that employs engineering
activities to develop and improve new CMMI process
management practices. The support category guides and
supports the engineering activities to measure and assist
baseline improvements. As a result, managers make decisions
based on measurements and analysis of the current situation.
However, implementing software process improvement models
(i.e., CMMI) are hinged on achieving business results [8], [9].

Moreover, CMMI improvements are affected by external
environmental factors. The microenvironment consists of the
factors that directly impact the operation of a company which
may have control over[10]. The microenvironment includes
factors of suppliers, financiers, customers, marketing
intermediaries, and public perceptions. On the other hand, the
macro environment factors[11] affect business, in which a
company does not directly control the market; therefore, the
success of an organization depends on its ability to adapt. The
macroenvironment includes factors of economic, political,
technical,  sociocultural, legal, and environmental
considerations. The scope of these factors is outside the scope
of this paper; however, the goal of the paper is to find a
solution that adapts CMMI implementation to reduce dynamic
environment issues; therefore, an organization gets resilience
to such factors[12][13].

The CMMI best practices reference has three divisions: CMMI
for Acquisition (CMMI-ACQ), CMMI for Services (CMMI-
SRV), and CMMI for Development (CMMI-DEV). The
CMMI-ACQ model guides applying CMMI best practices in
an acquiring organization. The best practices in the model
focus on activities for initiating and managing the acquisition
of products or services to meet the requirements of customers
and end users. The CMMI-SRYV is an integrated set of best
practices that improve an organization capability to
competently and successfully deliver quality service offerings
that meet market and customer needs. CMMI-DEV is an
integrated set of best practices that improve an organization’s
capability to develop quality products and services that meet
the needs of customers and end users.
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Fig.1. CMMI categories of process areas category.
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Since software organizations are subject to a dynamically
changing environment and influential factors[14], the
software development and supporting management process in
CMMI should be agile to handle unplanned changes.
Although agile methodologies reduce the time and impact of
changes, it does not take into consideration the external
environmental factors[15]. The CMMI model is considered a
complex reference model [16] that does provide tools to deal
with the dynamic capabilities of an organization. Therefore,
this paper proposes a new framework that includes dynamic
capabilities as part of the CMMI stages.

Dynamic capabilities proposed by [17], [18] is an
organizational concept that emphasizes the capability to
integrate, shape, and reconfigure internal and external
competencies to address rapidly changing environments.
Because every organization is dissimilar, there is no
comprehensive set of rules for an organization to build
dynamic capabilities, particularly in today's volatile, uncertain,
complex, and ambiguous business environments. The software
improvement is not an exception as software vendors need to
integrate marketing with software development process and
standards.

While dynamic capabilities can stay outside CMMI, the
integration of both models ensures granularity of CMMI
process to adapt according to the environment. Therefore,
CMMI becomes mature enough to modify and change to the
current organization situation. The objective of this paper is to
propose an extension to the CMMI by adopting dynamic
capabilities.

The proposed framework is composed of CMMI and the
dynamic capabilities that reside in level 4 and level 5 of
CMMI. The new components are customized for CMMI and
are integrated with the whole organization strategic
management capabilities. While measuring and controlling
process, a CMMI developer may sense new opportunities to
enhance the current process based on the new environment
change of resource, technology, and support. Then sensed
features and opportunities are analyzed in the seize step when
new development or refinement of a process is scheduled. At
the last step, the processes are transformed to accompany new
changes
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The remaining parts of the paper are organized as follows.
Section two summarizes a background of CMMI and dynamic
capabilities. Section three summarizes related work. Section
four illustrates the proposed framework, while Section five
shows the evaluates and discussion of the proposed model.
Section six summarizes conclusions and future research.

2. BACKGROUND

2.1. CMMI

The CMMI was initially developed by the Software
Engineering Institute(SEI) to undertake the software
engineering profession maturing [6] based on the development
of its predecessor, the Capability Maturity Model (CMM). The
CMMI is a collection of best practice processes in product
engineering and engineering management. The model gives
freedom to implementers as it describes what not how, leaving
a room of customization by adopters. The CMMI V1.3 has
three divisions; the CMMI for Services (CMMI-SRV), the
CMMI for Acquisition (CMMI-ACQ), and the CMMI for
Development (CMMI-DEV). Both CMMI-DEV v1.3 and
CMMI-ACQ v1.3 identify 22 process areas, whereas CMMI-
SRV v1.3 identifies 24 process areas most of them are similar.
A process area(PA) is “a cluster of related practices in an area
that, when implemented collectively, satisfies a set of goals
considered important for improving that area.”’[6, p. 23]

The most common view of the CMMI is a series of stages of
maturity from one to five as shown in Figure 2. while the
second view is concerned with the process areas that must
resolve the company needs to be shown in Figure 3. In the first
view, the five levels from one to five embodies an
organizational plateau of the overall capability of the
organization. Each level has a predefined set of assigned
processes for cohesive implementations and results. At level
one, the organization practices are ad hoc; therefore, there is no
PAs at this level. Level two (managed), have practices of
project management and product support practices that convert
requirements to accepted products. Level three (defined), has
an organized process as described in standards and the
organization measures. Level four (quantitatively managed),
has a continually improved process through iterative and
incremental technologies. The last level establishes the fine-
tuning of organizational processes and practices. An
organization strives to target the highest level based on current
constraints and environmental factors.

Although there are several attempts to simplify the
implementation of CMMI [19], the CMMI does not provide
dynamic capabilities; it remains limited to micro and macro
environmental factors. Table 1 summarizes the needed process
areas for this paper from level 3,4 and level 5 of the CMMI.
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Table 1. Summary of functional process areas in dynamic capabilities.

Process Area Description Level
Risk Management (RSKM) | The purpose of RSKM is to identify potential problems before they occur so that 3
risk-handling activities can be planned and invoked as needed across the life of
the product
Service Continuity (SCON) The purpose of SCON is to establish and maintain plans to ensure continuity of 3
services
Incident Resolution and The purpose of IRP is to ensure timely and effective 3
Prevention (IRP . Lo . Lo .
(IRP) resolution of service incidents and prevention of service incidents as appropriate.
Strategic Service The purpose of STSM is to establish and maintain standard services in concert 3
Management (STSM) with strategic needs and plans.
Organizational Process The purpose of OPP is to establish and maintain a quantitative understanding of 4
Performance (OPP) the performance of selected processes in the organization’s set of standard
processes; it aims to support achieving quality and process performance
objectives and to provide process performance data, baselines, and models to
manage the organization’s projects quantitatively.
Quantitative Project The purpose of QPM is to quantitatively manage the project to achieve the 4
Management (QPM) project’s established quality and process performance objectives
Organizational Performance | The purpose of OPM is to proactively manage the organization’s performance to 5
Management (OPM) meet its business objectives
Causal Analysis and The purpose of CAR is to identify causes of selected outcomes and take action to 5
Resolution (CAR) improve process performance.
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Fig. 4. Simplified schema of dynamic capabilities, business models, and strategy.

2.2. Dynamic Capabilities

Today’s rapidly changing world can be challenging for many
organizations. They need to meet the expectations of their
customers, develop a strong brand identity, and be able to adapt
quickly to radical shifts within software development. Software
firms need to address new user needs that are hard to anticipate.
Therefore, to meet their goals simultaneously, they aim to
develop competitive dynamic capabilities. The dynamic
capabilities concept emphasizes the capacity to integrate build
and reconfigure internal and external competencies to address
rapidly changing environments. Apple and IBM are considered
excellent examples of dynamic capabilities. Their dynamic

strategies and advanced technologically empowered them to
grow and evolve.

Figure 4 shows Teece’s new concept of dynamic
capabilities[20] that ensures business corporate agility. The
model consists of three main components: a sense that identifies
opportunities and threats of technology, seize opportunities
using resource and business models and transform apprehended
opportunities by investing in new capabilities.
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3. RELATED WORK

2.3. Dynamic Capabilities and CMMI

Enhancements

The  dynamic capabilities are related to  the  assumed
operational competencies, which refer to the current operations
of an organization [21]. Such capabilities are essential in
particular industries, predominantly for senior managers who set
directions for their organizations [22]. The new dynamic
capabilities framework of Web 2.0 focuses on the firm’s ability
to orchestrate and reconfigure externally sourced competences
[21] rapidly.

There has been a great deal of related work that integrates
CMMI with other components to enhance CMMI and provide a
flexible and productive system. Agile best practices were
integrated with CMMI level 5 [23]. Moreover, the CMMI was
also combined with SCRUM[24] and with a Spiral model[19]
for better user experience. In many organizations, CMMI is part
of the underlying integrated systems [25]-[27]. Furthermore, the
CMMI was extended for simulation systems engineering [28].
Although CMMI 2.0 has an improved value and reliability and
is considered easy to use, it does not directly provide tools for
dynamic capabilities.

2.4. System Usability Scale

The System Usability Scale (SUS) model [29] provides a quick,
reliable tool for measuring the usability of products and
services, applications, and websites. It consists of a 10-item
questionnaire with Likert responses scale. The SUS model
becomes a standard with more than 6000 citations according to
Google citations. The SUS is simple and can be applied to small
sample sizes.

At the end of the 10-question survey, the SUS is calculated
based on a simple formula: subtract one from the odd question
answers, subtract the value of the even question answers from 5.
Then add up the total score and multiply it by 2.5. A result is a
number on a scale of 1 - 100. While it is not a percentage, it
gives a clear way to understand the score; 100 is excellent user
experience, equivalent to an “A”; 68 is considered average, a
“C” grade; Anything below 68 is considered well below
average, an “F..”[29]

4. PROPOSED FRAMEWORK

Since the CMMI level four and level five are mature and are
considered a direction for the future of improvements, this paper
proposes to integrate new dynamic capabilities components
within these levels. The new components are customized for
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Fig.5. Proposed Model.

CMMI and are integrated with the whole organization strategic
management. Figure 5 depicts the proposed framework. The
sensing step identifies technological possibilities and
developments using input from the Organizational Process
Performance  (OPP), the Organizational Performance
Management (OPM), the Causal Analysis and Resolution
(CAR), and the Risk Management (RSKM) process areas. The
OPP process area provides performance data and baselines to
sense potential deviation from originally established processes
while the OPM process area allows to proactively manage an
organization’s performance to meet its business objectives. The
CAR and the RSKM allow to manage and control issues and
risks of any outcome of the processes. Given any outcome of an
improved process, if an issue occurs, or if the risk is imposed
within the improvement, then it should be mitigated to allow the
sensing process to accumulate improvements.

Once an organization seizes a possible positive or negative
change of process improvement within the context of the
environment, the organization should carry out a resolution for
adverse impacts and provide a recommendation for a positive
impact of a change. The seize step utilizes the CAR and OPM
process areas where the CAR allows taking proper action while
the OPM process area allows the seizing process and
organization future

The transform step carries out actions based on previous seized
opportunities. The organization should align existing resources
and capabilities to strategic objectives to maximize benefits.
They could also invest in new capabilities to assure they remain
in the market within the current level of CMMI. The transform
step triggers the organization process assets management and
provides lessons learned from the transformation.

5. EVALUATION AND DISCUSSION

This section runs the System Usability Scale (SUS)
questionnaire to quantify the usability of the proposed model
using ten experts. The SUS has a ten-item questionnaire that
was adopted and modified to reflect issues related to the
proposed model. The new ten-item questionnaire is shown in
Table 2, with total ratings from participants for each question.
Since the proposed model is not yet implemented, this paper
modifies the questions to imply that the model has already been
implemented.
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Table 2. Modified SUS assessed by ten business experts.

Serial Questionnaire Total
1 I think that | would like to use the proposed model frequently once implemented. 38
2 | found the proposed model unnecessarily complex. 24
3 I thought the proposed model was easy to use if process areas are detailed. 35
4 I think that | would need the support of a technical person to be able to use the proposed model. 18
5 | found the various functions in the proposed model were well integrated. 31
6 I thought there was too much inconsistency in the proposed model. 23
7 I would imagine that most people would learn to use the proposed model very quickly. 39
8 | found the proposed model very cumbersome to use. 19
9 I will feel very confident using the proposed model once implemented. 37
10 I needed to learn a lot of things before | could get going with the proposed model. 38

Total (Even) 101
Total (Odd) 180
Average SUS 69.8

Table 3. Participants SUS scores.

The Calculation of SUS figures was carried out using SUS
guidelines. For every odd-numbered question, subtract one
from the score. For every even-numbered question, subtract the
scores from 5. Practically the application of this formula is
carried out for each question and each question, then the
average between all participants is calculated. Therefore, Table
2 reports a score of 68.5 usability score, which is considered
the “Okay” acceptable model. The participants of SUS ratings,
as shown in Table 2, shows that the scores of each participant
are within the distribution with a standard deviation of 5.2.

The four significant steps of dynamic capabilities are
illustrated stepwise to provide feedback at the previously
proposed model.

1. Learning: during the first step of sensing, learning
allows critical staff members and executives to
analyze their workouts leading healthy interactions
that cause the practical approaches of problem-
solving.

2. Acquiring new assets: during the seizing step,
acquiring new assets allows obtaining new assets by

integrating technological factors and external
activities with partnerships.

Participant SUS Score
3. Transforming assets: while shaping an opportunity,
pl 625 transforming assets reconfigure the firm’s current
p2 725 asset structure to attain the rapid internal and
external transformation.
p3 62.5 N . .
4. Co-specialization: during the transformation, co-
p4 75.0 specialization deduces a better combination of
human resources with physical assets and intellectual
pS 700 properties for better value
p6 725 Furthermore, this paper has applied another experiment to
p7 675 verify the proposed model. The proposed model was illustrated
to a CMMI appraisal expert and two senior business managers.
p8 775 They could discuss and refine the model as needed. As a result,
09 725 the CMMI appraisal expert admires the ideas that address the
: incompleteness of CMMI. However, business experts were not
p10 65.0 able to find how the proposed model will be executed.

Although the proposed model is providing a solution for
dynamic changes, one drawback of the proposed model was
that adopters will need support form technical team as the
model is still conceptual, and no details of how to implement
it. Also, experts pointed out that they need to learn more, as
they need to understand two different domains, the CMMI and
the dynamic capabilities.

6. CONCLUSION

This paper proposed an approach that integrates the CMMI
model with dynamic capabilities. The approach integrates the
dynamic capabilities as part of the CMMI level 5 using process
areas from level 3,4, and 5. The Organizational Process
Performance(OPP) establish the quantitative performance of
selected processes which enable dynamic capabilities to sense
environmental factors that affect current improvement in the
CMMI. Using the Organizational Performance Management
(OPM) and Causal Analysis and Resolution (CAR) process
areas, along with input from the sensed opportunities, the seize
step (of dynamic capabilities) designs and refines alternatives
of improvements. As a result, the dynamic capabilities
transform the structure and culture of the organization to
maximize capacity and profit. The proposed model was
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validated using System Usability Scaling (SUS) with ten
business experts. Results showed that the model is acceptable
with “Okay” category. In the future, the author will expand the
model with detailed processes.
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