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A Collaborative Framework Supporting Ontology Development
Based on Agile and Scrum Model

Akkharawoot TAKHOM†,††a), Sasiporn USANAVASIN††b), Thepchai SUPNITHI†c), Members,
and Prachya BOONKWAN†, Nonmember

SUMMARY Ontology describes concepts and relations in a specific
domain-knowledge that are important for knowledge representation and
knowledge sharing. In the past few years, several tools have been intro-
duced for ontology modeling and editing. To design and develop an ontol-
ogy is one of the challenge tasks and its challenges are quite similar to soft-
ware development as it requires many collaborative activities from many
stakeholders (e.g. domain experts, knowledge engineers, application users,
etc.) through the development cycle. Most of the existing tools do not pro-
vide collaborative feature to support stakeholders to collaborate work more
effectively. In addition, there are lacking of standard process adoption for
ontology development task. Thus, in this work, we incorporated ontology
development process into Scrum process as used for process standard in
software engineering. Based on Scrum, we can perform standard agile de-
velopment of ontology that can reduce the development cycle as well as it
can be responding to any changes better and faster. To support this idea, we
proposed a Scrum Ontology Development Framework, which is an online
collaborative framework for agile ontology design and development. Each
ontology development process based on Scrum model will be supported by
different services in our framework, aiming to promote collaborative ac-
tivities among different roles of stakeholders. In addition to services such
as ontology visualized modeling and editing, we also provide three more
important features such as 1) concept/relation misunderstanding diagnosis,
2) cross-domain concept detection and 3) concept classification. All these
features allow stakeholders to share their understanding and collaboratively
discuss to improve quality of domain ontologies through a community con-
sensus.
key words: collaborative activities, ontology development, standard, agile,
scrum, process engineering

1. Introduction

Ontology [1] is the essential Semantic Web technology to
describe concepts and relations in order to express knowl-
edge, especially in a specific domain. The benefits of on-
tologies [2] play prominent roles in knowledge representa-
tion, sharing, and also simplifying ontology-based applica-
tion development.

Several research studies [3] have been purposed frame-
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works and tools for ontology modeling and editing. Nec-
essary essential components [4] have been designed to sup-
port an ontology development environment. In trends of de-
veloping the environment with supporting components, one
of the challenge tasks is to design and develop an ontology
regarding theories of ontology modeling. Through a cycle
of ontology development, this challenge is quite similar to
software development as it requires collaborative activities
from various stakeholders, such as domain experts, knowl-
edge engineers, application users, etc.

Most of the existing tools did not provide collaborative
features to support stakeholders in their collaboration more
effectively. There is some lack of standard process adoption
for ontology development. Thus, in this work, we incorpo-
rated processes of ontology development into Agile model,
as used of process standard in software engineering. Based
on Scrum model, we can perform to organize working stages
of collaborative activities that can reduce the development
cycle as well as it can be responding to any changes better
and faster.

To support this idea, we aim to enhance a collaborative
ontology development framework based on Agile [5] and
Scrum [6] models, which systematize processes of collab-
orative activities and organize working stages of stakehold-
ers. Each process of ontology development based on Scrum
model will be supported by different services in our frame-
work, aiming to promote collaborative activities among dif-
ferent roles of stakeholders.

However, ontology engineering is a challenging task
due to multiple expert stakeholders involved in the process.
We deem the software development processes as a means to
accomplish this task. In software engineering, collaborative
efforts coalesce in developing a software system from cradle
to grave. This process is comparable to ontology engineer-
ing, in which multidisciplinary fields of knowledge have to
be integrated.

In this paper, we chose the development of a Buddha
image ontology as an exemplar case of ontology engineer-
ing. Analogically speaking, the body of knowledge is equiv-
alent to a software system. Archaeologists, ancient ar-
chitects, theologists, and experts on folklores and ethnic
cultures collaborate in a Waterfall Model-style process of
knowledge sharing, development, and curation. The out-
come of this process is an ontology of Buddha image char-
acteristics.

In addition, we support services of ontology visualized
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modeling and editing in three features: 1) concept/relation
misunderstanding diagnosis, 2) cross-domain concept de-
tection, and 3) concept classification. All these features al-
lowed stakeholders to share their understanding and collab-
oratively discuss for improving the qualification of domain
ontologies through a community consensus.

The main contributions of our work are as follows:
(1) the proposed processes based on Agile and Scrum mod-
els to describe processes of ontology development. (2) the
proposed framework provided supporting features to sup-
port collaborative ontology development, and to facilitate
stakeholder’s discussion.

The rest of the paper is organized as follows: Sect. 2
discussed important related works and Sect. 3 introduces a
proposed architecture of ontology development framework
based on Agile and Scrum model. This section explains how
the framework can be useful in processes of ontology devel-
opment and support in collaborative activities in ontology
design. In Sect. 4, a collaborative use-case scenario demon-
strates the development of domain ontology in a cultural do-
main. Section 5 explains a measurement of related works
and our framework and discuss important issues. Lastly,
Sect. 6 concludes the main contributions and gives an out-
look on further work.

2. Background and Related Works

This section discusses two essential engineering concepts
(software and ontology engineering) and related works.

2.1 Ontology Development and Software Engineering

Ontology [1] is the essential technology of the Semantic
Web associated with comprehensive terminologies. It en-
ables the application of knowledge-based constraints during
the process of extraction and interpretation. In case of repre-
senting knowledge in a specific area, domain ontologies [2]
play a prominent role in achieving interoperability across
heterogeneous domain and systems.

Developing useful domain ontologies requires in-depth
knowledge of stockholders, as a source of knowledge. On-
tology engineering (OE) [7] is a research field concerning
ontology development processes, methods, and methodolo-
gies in the management of ontologies life cycle. The OE is
helpful to solve the interoperability problems brought by se-
mantic obstacles related to the definitions of business terms
and software development.

OE environments [3] have been a trend to provide es-
sential tools with necessary components [4], such as offering
many desirable services of ontology development to create
classes, properties, or visualization. Many researchers have
designed and implemented the OE environments for signif-
icant attention accorded to Semantic Web editor. For exam-
ple, OntoEdit [8] is an ontology development environment
that integrates a collaboration of various stakeholder aspects
and allows them to identify requirements, refinement, and
maintenance.

Although the OE environments provide supportive ser-
vices, activities of various stakeholders need to be orga-
nized their collaboration. Thus, an approach of software
engineering (SE), called Agile model [5], can organize the
stakeholders to underly their requirements and solutions
evolve through the collaborative effort of a self-organizing
and cross-functional teams and domain-ontology users.

Several methodologies of knowledge engineering
based on Agile model have been proposed as development
of domain ontologies. First, H. Knublauch [9] purposed
XP.K (eXtreme Programming of Knowledge-based systems).
The methodology was used for knowledge modeling for
supporting a close collaboration between domain experts
and engineers. Second, S. Auer and H. Herre [10] pur-
posed RapidOWL bringing a stable state of the knowledge
base through small incremental changes from a multiplic-
ity of contributors. Third, D. Parsons [11] purposed AOSD
(Aspect-Oriented Software Development) that used ontology
mapping. This work proposed an analytical framework to
understand how AOSD with Agile methods might usefully
be integrated into the SE approach. Fourth, S. Peroni [12]
introduced SAMOD (Simplified Agile Methodology for On-
tology Development) which is a methodology to develop on-
tologies in small steps of an iterative workflow. SAMOD fo-
cused on creating well-developed and documented models
starting from exemplar domain descriptions. Recently, A. S.
Abdelghany el al. [13] purposed AMOD (an Agile Method-
ology for Ontology Development) which is a methodology
of ontology development from principles and activities of
software development. This work also evaluated existing
OE methodologies.

In this paper, we exploit Scrum model [6] that is a cru-
cial methodology of Agile model [5] to manage and maintain
working systems of domain ontologies, as a production pro-
totype for relevant stakeholders.

2.2 Ontology Application Management

Many domain ontologies have been established accord-
ing to domain experts from various fields. Stakeholders
need a high learning curve and efforts demanded in build-
ing semantic web and ontology-based applications in case
they need to employ the domain ontologies. Buranarach
M. et al. [14] provided an ontology application manage-
ment (OAM) framework to support stakeholders in sim-
plifying the development of ontology-based applications.
The framework provided a graphical ontology editor, called
Hozo [15], in knowledge-bases visualization. The editor al-
lows stakeholders to represent knowledge in forms of do-
main concepts and concept properties.

2.3 Collaborative Ontology Development

Although many related works have been provided ontol-
ogy development frameworks, a collaborative approach
also required as a medium function to work with system
users. The following two major frameworks provided func-
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tions for collaborative development of ontologies. First,
WebProtégé [16] is a lightweight ontology editor that a Web
tool for knowledge acquisition. This work enabled users
to create custom knowledge-acquisition forms tailored for
domain experts. Second, Hozo [17] is an ontology editor
that provided a collaborative function for resolving the is-
sue based on management of dependencies between ontol-
ogy modules. This work supports cooperative ontology con-
struction based on modularization, and focus on the phase
of construction and maintenance and discuss a framework,
such as constructing a single ontology by many developers.

Even though the major frameworks provided collab-
orative functions supporting knowledge-acquisition, con-
struction, maintenance, and discussion, some of the essen-
tial functions also require to enhance stakeholder’s collab-
oration. For this reason, our approach focuses on com-
munication and cross-disciplinary detection that is the ex-
ploitation of Agile and Scrum models. The framework in
this paper contributes a guideline supporting the ontology
development process based on standard guidelines as Ag-
ile model and organizing collaborative activities based on
Scrum model. Our collaborative framework allows stake-
holders to design cross-domain concepts/relations and to
discuss other stakeholders in multidisciplinary knowledge.

For willing stakeholders to contribute and share their
knowledge, the OAM framework was enhanced in collab-
orative knowledge sharing and knowledge co-creation by
different stakeholders (e.g., domain experts and knowledge
engineers), named a community-driven ontology-based ap-
plication management (CD-OAM) framework [18]. The
improved framework facilitates stakeholders in knowledge
construction of multiple domains. This work presented a
collaborative approach allowing stakeholders to understand
cross-domain knowledge and to create/modify/extend/reuse
the multidisciplinary ontology [19].

The methodology based on Agile and Scrum models
has remaining challenges [20]. Working with a collabora-
tive framework has the remaining drawbacks in the follow-
ing challenges: (1) organizing processes of ontology devel-
opment and (2) managing working stages for collaborative
activities of stakeholders.

To tackle the challenges, in this paper, we intend to en-
hance the CD-OAM framework [18] by employing key ben-
efits of Agile and Scrum models.

First, a development approach based on Agile
model [5] is to enhance collaborative activities of ontology
development. The Agile prioritizes communication of rel-
evant stakeholders and improve processes of ontology de-
velopment. The key benefits of Agile designate working di-
rections in the following: (1) focusing more on stakeholder
interaction, (2) qualifying domain ontologies, and (3) re-
sponding suggestions and comments of stakeholders.

Second, Scrum is an agile framework for the definition,
execution, and delivery of the project outcome. To system-
atize working stages of stakeholders, the essential advan-
tages of Scrum model [6] are exploited as follows: (1) to
identify working directions and ontology capabilities, (2) to

provide value-added to domain ontologies, (3) to deliver rel-
evant domain ontologies to work with goal and application
of stakeholders, and (4) to sustain employing of domain on-
tology life cycle.

3. Ontology Development Based on Agile and Scrum
Models

3.1 An Overview of System Architecture

The CD-OAM framework [18] was designed to incorporate
all the modules with necessary services of developing do-
main ontologies and offering communicability to stakehold-
ers who want to share their understanding with others.

To improve the framework, the system was de-
signed and implemented based on the Laravel frame-
work [21], [22]. Development of the framework followed
the model-view-controller (MVC) [23] architectural pattern
and worked on a client-server model. Thus, system users
can manipulate domain ontologies on a client-side, and user
interactions are done on a client-side.

As illustrated in Fig. 1, the CD-OAM framework is
simplified in a multi-tier architecture that represents a client-
server architecture of the necessary services. Five different
tiers of the architecture contain supporting modules repre-
sented in three different colors. First, the green modules be-
longing to Agile model support the systematization of pro-
cesses for ontology development. Next, the yellow mod-
ules belonging to Scrum model support the management
of working stages for collaborative activities of stakehold-
ers. Last, the gray modules facilitate the management of
database and knowledge-base. Each tier is elaborated those
supporting modules as follows.

• At the user tier, the first tier of the framework allows
stakeholders to assess web applications.

Fig. 1 The CD-OAM framework [18] based on Agile and Scrum models
is represented in a multi-tier architecture. Note that green modules belong
to Agile model, and yellow modules belong to Scrum model.
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• At the application tier, the second tier provides three
modules for user interaction. For Agile model, the
module knowledge-based management allows users to
view, upload, and create domain ontologies. For Scrum
model, the module of community management allows
users to communicate through a discussion forum. The
module of database management supports to define,
manipulate, retrieve and manage data in a database.
• At the service tier, the third tier contains many ser-

vice modules that can be invoked over the network
to processes web-based applications. Based on Ag-
ile model, the green modules support processes of
collaborative ontology development including concept
management, concept classification, multidisciplinary
detection, network text analysis, and knowledge-data
mapping. Based on Scum model, the yellow modules
support the management of working stages for stake-
holders including community consensus, community
forum, post generator misunderstanding diagnosis, and
instantiation.
• At the knowledge tier, this tier stores ontologies, as re-

sources of knowledge that are created and uploaded by
system users.
• At the data tier, this tier stores data from the module of

community management, such as user profile informa-
tion, comments, and suggestions from domain commu-
nities. For example, instance entities are integrated into
a big linked domain knowledge network, as a result of
multidisciplinary detection.

3.2 Ontology Development Based on Scrum Model

To process ontology development, Noy and
McGuinness [24] provided the instruction to analyze char-
acteristics of domain knowledge and create domain ontolo-
gies. The CD-OAM framework was designed by employing
the instruction, as mentioned in Sect. 2.3.

Figure 2 illustrates a workflow of the CD-OAM frame-
work enumerating an interrelation of SE and OE. At the top
part of Fig. 2, the green areas cover processes of ontology
development based on Agile model. Each green rectangle
represents the Process that is organized into three phases:
pre-game, development, and post-game. At the bottom part
of Fig. 2, the yellow areas cover the working stages of col-
laborative activities following Scrum model. Each yellow
rectangle represents a working stage that interacts with five
types of stakeholders (blue rectangles) consisting of an on-
tology owner, domain experts, knowledge engineers, mem-
bers of domain communities, and application users. Each
developing process of the workflow is elaborated in the fol-
lowing explanations.

The first developing process (Process 1) is to de-
fine a domain of knowledge. As the working stage of a
Scrum owner, an ontology creator has to define objectives
of knowledge construction. The creator needs the define all
possible features of ontology backlog, as inputs of Scrum

Fig. 2 A workflow of the CD-OAM framework [18] is organized into
three phases: pre-game, development, and post-game. Three key compo-
nents of the framework are: (1) based on Agile model, the processes of on-
tology development (green rectangles) are covered in green areas, (2) based
on Scrum model, the working stages of collaborative activities (yellow rect-
angles) are covered in the green areas, and (3) five types of stakeholders
(blue rectangles) exist in each working stage of the Scrum model.

Fig. 3 Excerpts of an ontology development module consist of three
sources of knowledge: (1) sources of information and reference document,
(2) stakeholders, and (3) existing domain ontologies.

workflow.
Next, the second developing process (Process 2) is to

select related tools and techniques for achieving the devel-
opment of software or ontologies. As illustrated in Fig. 3,
a module of knowledge-based management provides a web-
based application allowing stakeholders to develop domain
ontologies. They can use an ontology editor and visualiza-
tion to develop ontologies based on a role-modeling theory
that needs to define four components: concept names, role
holders, part-of properties, and attribute-of properties.

After that, the third developing process (Process 3) is
to select sources of knowledge. Figure 3 illustrates three
essential sources of knowledge, and each source is detailed
as follows. The first source (1) is information from the in-
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Table 1 A pattern of user story consists of role, goal, benefit, and accep-
tance criteria. Note that this pattern presents the requirements of “Buddha
Image” knowledge from a domain expert.

ternet or reference documents, e.g., e-books or links to the
website. The second source (2) is stakeholders who cre-
ate domain ontologies and develop ontology-based applica-
tions [18]. They can comment and suggest other domain ex-
perts. The third source (3) is to re-use existing domain on-
tologies. For example, to represent multidisciplinary knowl-
edge [25], stakeholders can create “Bicycle” ontology, and
use it to develop an ontology-based application for recom-
mending a good bicycle for tourism.

The fourth developing process (Process 4) is to plan for
ontology construction. The creator needs to design a domain
ontology. This process refers to Sprint that is an iterative
process for the life cycle of software/ontology development.

The fifth developing process (Process 5) is to prepare
ontology construction backlog. In each Sprint planning
meeting (Process 6), stakeholders provide a user story of on-
tology construction consisting of role, goal, benefit, and ac-
ceptance criteria. Table 1 shows an example of a user story.

The seventh developing process is Sprint review (Pro-
cess 7). In each meeting, members of domain communi-
ties need to make a commitment. This reviewing process
has a cycle of Sprint for ontology development consisting
of knowledge acquisition, conceptualization, formalization,
consensus, and evaluation. The output of this developing
process provides Sprint Backlog (Process 8) and keep on-
tology versioning (Process 9).

The last developing process (Process 10) is to integrate
the final ontology and test by using the OAM framework to
develop a simple ontology-based application. In this pro-
cess, the relevant stakeholders have to make documentation.

4. A Collaborative Use-Case Scenario

The collaborative use-case scenario explains ontology de-
velopment for a cultural domain as “Buddha Image”. The
domain refers to three-dimensional images of the lord
Buddha made from stone, wood, clay, or metal. In Thai-
land, a sacred statue of the Lord Buddha had been found
since the 3rd–4th century created unique styles from the
7th century until now. Each style of statues reflects crafts-
man uniqueness, artistic development, prosperity, and de-
cline. As aforementioned in the instruction of the proposed
framework (Sect. 2.3), therefore, the collaborative use-case
scenario intends to elaborate on processes (Process) of on-
tology development and demonstrate working stages (Stage)

Fig. 4 The workshop of Semantic Web technology for developing do-
main ontology at Chiang Mai international convention and exhibition cen-
ter on February 2, 2019.

of stakeholder’s collaborative activities.

4.1 A Scenario of Scrum Modeling

As collaborative activities, the workshop of Semantic Web
technology was organized, at Chiang Mai international con-
vention and exhibition center, on February 2, 2019. This
workshop aimed to motivate domain experts to develop do-
main ontologies, as a knowledge base for supporting orga-
nization activities.

In this workshop, ontology creators were domain ex-
perts in a cultural domain, and they had an objective to rep-
resent their knowledge as “Buddha Image” within a work-
shop duration (Process 1). As shown at the left side of
Fig. 4, we introduced participants to understand a knowl-
edge base and develop domain ontologies by using the on-
tology editor, called Hozo [15] (Process 2). The domain on-
tologies were designed based on a theory of role modeling.

In the third developing process (Process 3), as a source
of knowledge, domain experts shared their knowledge in
“Buddha Image” components. In the fourth process (Pro-
cess 4), the ontology creator plan to design “Buddha Image”
ontology and revise iteratively. As shown in the right side of
Fig. 4, the ontology creator prepared the domain ontologies
and presented to other participants, as ontology construction
backlog (Process 5).

After that, as members of a cultural domain commu-
nity, the workshop participants present the design of the do-
main ontology in a culture domain, as shown in the right
side of Fig. 4 (Process 6).

The first version of the domain ontologies usually was
not designed completely. To improve the domain ontolo-
gies, knowledge engineers gave comments to revise con-
cepts and concept’s properties, as Sprint Review (Process 7).
As shown in Fig. 5, the “Buddha Image” ontology did not
have appropriate concept properties. The “posture” concept
has to be concept properties of “Buddha Image” concept.

However, the “Buddha Image” ontology needs to be
discussed in many aspects of other participants (Process 8),
such domain experts or knowledge engineers. Then, we en-
couraged the domain experts to register their account to the
CD-OAM framework and upload the domain ontology, as
ontology versioning (Process 9). We demonstrated how the
framework can be used and how stakeholders can collabo-
rate with their ontology design. We demonstrated how the
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Fig. 5 Excerpt of “Buddha Image” ontology created by a culture domain
expert using the ontology editor, Hozo [15], in the OAM framework [14].
Note that all Thai concept names (yellow rectangles) were translated into
English (green rectangles).

Fig. 6 Excerpt of “Buddha Image” ontology is visualized by the module
of knowledge-based management of the CD-OAM Framework [18].

framework can be used and how stakeholders can collabo-
rate with their ontology design. As illustrated in Fig. 6, the
“Buddha Image” ontology was visualized by the module of
knowledge-based management of the framework [16], as the
last developing process (Process 10).

4.2 Roles and Collaborative Activities

As aforementioned in Sect. 2.3, Scrum model has been ap-
plied in the collaborative use-case scenario of the commu-
nity of a cultural domain. Five types of stakeholders are
categorized into the following roles: (1) the ontology cre-
ator is the domain expert from Chiang Mai University who
first develop the “Buddha Image” ontology, (2) three knowl-
edge engineers who give suggestions in ontology designing
from NECTEC’s research institute, (3) a group of domain
experts in the culture domain who gave comments in other
aspects about properties of concepts, (4) team and experts
from other domains that they wanted to employ the “Buddha
Image” ontology to explain their domain knowledge, such as
a domain of tourism culture, and (5) application users who
can use the simple application [18] from domain ontologies.
When they log into the web applications based on the CD-

Fig. 7 Excerpt of a question of “misunderstanding diagnosis” in a mod-
ule of knowledge-based management of the CD-OAM Framework [18]. A
post of system users is notified to others in a discussion forum.

OAM framework, the Scrum model was applied to define
their working stages. Therefore, the five types of stakehold-
ers with their roles can be supported by collaborative activ-
ities in ontology development.

4.3 Collaborative Framework Exploitations

The CD-OAM framework [18] provided the module of
knowledge-based management for notifying relevant stake-
holders. As mentioned in Sect. 4.1, the “Buddha Image”
ontology needed to be reviewed in the Sprint Cycle (Pro-
cess 8). System users of the community in a cultural do-
main were allowed to make comments or suggestions to the
creator of “Buddha Image” ontology. Figure 7 illustrated
the question type of “misunderstanding diagnosis” that is
available to the relevant member for discussing in “Buddha
Image” concepts. In this case, the domain expert from cul-
ture post a question about ontology designing. They needed
to know “What kind of concepts when we need to define a
variety of posture for Buddha Image Concepts”. The system
separates the types of the “Buddha Image” concept into two
tagging colors that related to the terminologies of the differ-
ent domain knowledge. Following the development phase in
Scrum model, the framework provided a discussion forum
that stakeholders can inquire to other users, such as domain
experts or knowledge engineers.

5. Results and Discussion

This section explains a measurement result of our frame-
work with related works, and discuss important issues.

We chose the Capability Maturity Model Integration
(CMMI) [26] to measure related works of ontology develop-
ment frameworks based on Agile and Scrum models. CMMI
is a standard training and appraisal program to measure ca-
pability levels in two aspects: a developing process and a
working stage. The following explanation discussed how to
measure the related works in the three following steps.

In the first step, the CMMI guideline refers to a pro-
cess area (PA) that is to cluster related practical applica-
tions for satisfying goals. As shown in Fig. 2, each phase of
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the workflow contains many keywords of Agile and Scrum
models. To mapped keywords in Agile and Scrum Mod-
els with PAs, we preprocessed textual data of the guide-
line by extracting PA and its definition. We extracted those
keywords by using natural language processing (NLP) [27].
Each preprocess requires different NLP techniques for data
manipulation. We first removed the inflectional endings of
each word by tokenization and filtered unneeded words by a
stop-words removing. Then, we detected a sequence of adja-
cent keywords by n-gram detection. After that, we map the
adjacent keywords of PL with the keywords based on Ag-
ile and Scrum models. Finally, we can map keywords with
PAs of CMMI in different maturity levels. Table 2 shows
the mapping result: Agile keywords (A1–A14) for collabo-
rative activities with Maturity Level 3, and Scrum keywords
(S1–S17) for working Stage with Maturity Level 2.

In the second step, we analyzed the way to characterize
developing processes and working stages in their capabili-
ties and performance by using a capability level (CL) of the
guideline. As shown in Table 3, three numbers of CL are se-

Table 2 Mapped keywords in Agile and Scrum models with process
areas of CMMI [26].

lected to identify and evaluate the methodologies based on
Agile and Scrum models.

In the third step, the mapping result (the first step) and
CL numbers (the second step) is used to measure the cov-
erage of mapping Agile and Scrum models in term of the
process area coverage score (PACS). In essence, PACS is
the percentage of keywords that can be mapped from CMMI
to Scrum/Agile. Suppose c is a capability level, and p is a
process area. The PACS of the process area p is defined as:

PACS (p) = 100 ×
∑

ć∈CA
∑

ṕ∈PA(Ć) Nćṕ

Ncp × 2

Where Ncp is the number of keywords that can be mapped
from CMMI, CA is the set of all capability levels, and PA(c)
is the set of the process areas in the capability level c.

As shown in Table 4, five related works and our work

Table 3 Three numbers of capability levels (CL) of CMMI and meaning
for evaluating methodologies based on Agile and Scrum models.

Table 4 A comparison table of related works considering keywords in
Agile and Scrum models with CMMI standard [26].
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were measured by the PACS method, including XP.K [9],
RapidOWL [10], AOSD [11], SAMOD [12], AMOD [13],
and CD-OAM [18]. Each keyword in the mapping result
was identified by the CL number regarding their purposed
methodologies and frameworks.

To elucidate how we assess the related works, we
give an explanation in the following example. The AMOD
work [13] mentioned: “Configuration Management (CM):
The goal of this activity is to record all the versions of
the documentation and ontology code and to control the
changes. Generally, CM of ontology includes four activities
derived from the software engineering: configuration iden-
tification, configuration control, and configuration audits”.

Following how to measure the related works, the first
step is to analyze PA (Table 2) that the AMOD initialized
ontology versioning (S16) and did not perform members no-
tification (S17). The second step is to define the CL numbers
(Table 3): 1 as “Initial” for S16, and “Incomplete” as 0 for
S17. In the third step, the assessed result of the CM shows
CL’s scores 1 and 0 for S16 and S17, respectively. Lastly,
the PACS score of the CM (Table 5) is 25.0 and we can cal-
culate by the PACS model as below:

PACS (CM) = 100 × (0 ×CL2) + (1 ×CL1) + (0 ×CL0)
(2PA) × 2

= 100 × (0 × 2) + (1 × 1) + (0 × 0)
2 × 2

= 100 × 1
4

= 25

We followed the three steps of the measurement. The
PACS method was used to calculate the capabilities and per-
formance of the five related works and our work, and Table 5
shows all the measurement results. After comparing and an-
alyzing the result, we found that all the works have a high
score in Organizational Process Definition. AMOD and CD-
OAM are the only two works that can present a prominent
of Agile and Scrum models.

In addition, Fig. 8 contains two bar graphs that compare
the measurement results of all the works in the two aspects:
developing processes, and working stages. First, the top part
(a) of Fig. 8 shows that AMOD and CD-OAM provided de-
veloping processes with maturity level 3 of CMMI covering
all four process areas: OPD (Organizational Process Defi-

Table 5 A comparison table of related works in the process area cover-
age score (PACS) for Agile and Scrum models with CMMI [26].

nition), RD (Requirements Development), PI (Product Inte-
gration), and IPM (Integrated Project Management). Sec-
ond, the bottom part (b) of Fig. 8 shows that AMOD has
the highest PACS score in REQM (Requirements Manage-
ment), and CD-OAM has the highest PACS score in CM
(Configuration Management). Therefore, the methodology
based on Agile and Scum models can support the CD-OAM
framework to work with ontology development and also or-
ganize stakeholders effectively working.

As demonstrated in the collaborative use-case scenario,
the CD-OAM framework supported the development of the
“Buddha Image” ontology collaboratively. Moreover, the
improved framework can support the development of mul-
tidisciplinary ontologies that allows different domain stake-
holders to share their understanding of a single discipline to
cover relevant domains. For example, the stakeholders in
a tourism domain can develop their “Historical travel” on-
tology and share the “Era” concept of the “Buddha image”
ontology to describe the “historical location” concept of the
“Historical travel” ontology that is one of the tourism do-
mains.

Fig. 8 Two comparing bar graphs of related works in the measurement
of the process area coverage score (PACS) [26]: (a) PACS comparison for
related works in developing processes with maturity level 3 of CMMI, and
(b) PACS comparison for related works in working stages with maturity
level 2 of CMMI.
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In the findings, we are aware that there are some lim-
itations. In particular, the stakeholders involved in the on-
tology development have a common ground of Buddhism
belief. This simplifies the process of knowledge sharing, be-
cause the majority of Buddhism terminology are understood
by all of them.

However, there are certain cases where common terms
are less shared among multiple disciplines. For example,
the management of COVID-19 pandemic which involves
healthcare, economics, transportation, education, and soci-
ety, where multidisciplinary precautions and concerns have
to be taken into account. Misunderstanding in these cases is
much deeper than the word level and, therefore, out of scope
of this paper.

To alleviate this issue, we envisage a collaborative
framework that is capable of reconciling these conflicts via
the power of knowledge graph. First, the system should al-
low stakeholders to express their precautions and concerns
with freedom. It then matches them across domains, clas-
sify them into agreement and disagreement, and list them
up in a common table. Next, the system displays this ta-
ble and commences an open discussion based on the con-
flicts. The system facilitates the discussion by associating
the conflicts with the Network Text Analysis technique and
identifies which domains they are related to. Finally, once
the experts settle all conflicts, the system summarizes the
results as a knowledge graph.

6. Conclusion

This paper presents the enhancement of a community-driven
ontology-based application management (CD-OAM) frame-
work by employing Agile and Scrum models to systematiz-
ing collaborative activities. The CD-OAM framework was
improved in parts of developing processes of ontology de-
velopment and working stages of stakeholder’s collabora-
tion. The measurement results pointed out that Agile and
Scum models can work together effectively.

Our main contributions were concluded as follows.
First, the proposed processes based on Agile and Scrum
models described processes of ontology development fol-
lowing standard guidelines and collaborative ontology de-
velopment. Second, the proposed collaborative framework
based on Agile and Scrum models provided system fea-
tures for supporting ontology development. The collabo-
rative use-case scenario demonstrated the framework’s fea-
tures supported the stakeholders in a cultural domain in two
aspects. The first aspect is developing processes of the
“Buddha Image” ontology collaboratively, and the second
aspect is to facilitate working stages for stakeholder’s dis-
cussion in the creation of cross-domain concepts/relations
of multidisciplinary ontologies.

We can give an outlook on further work with the knowl-
edge graph that the framework can be employed to reduce
miscommunication in cross-disciplinary concept discovery
through network text analysis and semantic embedding.
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