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Abstract

Optimization approaches such as business process management (BPM) have become increas-
ingly popular in the past decade. This comes as a result of and increasingly smarter, quicker
and better business landscape. To achieve success, companies must identify the best path and
they need to do it efficiently. However, some concepts might be lost in translation and diligent
attention must be paid to the tools that have been developed to assist companies in their quest
for success. Therefore, this paper aims to prove that, while process management and man-
agement processes may appear to be common ideas, they are frequently applied to distinct
domains, both in research and in business. These two concepts are analyzed from the stand-
point of maturity, mainly maturity models for process management and management pro-
cesses. To conduct the experiments, clustering, a Machine Learning technique, was applied to
a corpus of over 2,500 articles relevant to the two themes discussed earlier. As a result, the
difference between management processes maturity and process management maturity is
observed and discussed. It is highlighted that management processes maturity is a more con-
centrated issue, seen largely in connection to project management, whereas process manage-
ment maturity is found in a variety of sectors.

Keywords: Process management, Management process, Maturity model, Machine Learning

Introduction

In the current context, economic develop- which obtaining the competitive advantage
ment and society are increasingly concerned and surpassing the competitors is a vital ob-
with optimizing and streamlining resources. jective for survival. Therefore, more and more
For organizations, globalization brings the of these organizations are intensely con-
pressure of demanding customers, of a more cerned with improving processes.

complex, dynamic business environment, in
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A process is a sequence of steps, which have a
beginning and an end, performed to achieve a
proposed goal. Starting from this definition, a
business process is a logical sequence of con-
nected activities that transforms and trans-
ports goods and/or information within the
organization, to the client/beneficiary.
(Dumas, et al,, 2012)

To improve processes, organizations must
have some information about both the exter-
nal and internal environment. It is very im-
portant for the organization to know the in-
dustry in which it operates, the standards and
key success factors of the industry, and of
course, to be able to identify, analyze, config-
ure, monitor and control internal processes.
Accordingly, it is necessary to classify indus-
tries and organizations.

In its simplest form, classification is merely
defined as the ordering of entities into groups
or classes on the basis of their similarity.
(Bailey, 1994)

Therefore, in terms of classification of indus-
tries (i.e. taxonomy), this involves grouping
companies according to certain similarities or
criteria, which differ from one classification
to another, such as: raw material used (agro-
based industries, mineral based industries,
marine-based industries, forest-based indus-
tries), size - by how much money is invested
and level of technology (small-scale indus-
tries and large-scale industries), ownership
(private sector, public sector, joint sector in-
dustries or cooperative sector industries).

The organizations that operate in these indus-
tries can be grouped according to ownership
(private, public joint), size (small, medium,
large, giant), area of operation (local, regional,
national, international), the nature of the be-
havior of the members of the organization
(voluntary associations, military organiza-
tions, philanthropic organizations and corpo-
rations), etc. (lacob & Cismaru, 2012)

Classification systems are critical for obtain-
ing accurate measures of economic activity,
providing information about the type of
goods and services produced in an economy,
the kind of jobs available, organizations’ com-
parative advantage, etc.

The aim of this paper is to examine the litera-
ture in the field of management processes and

process management, under the scope of ma-
turity models and also to investigate the con-
cept of maturity of management processes
and maturity of process management from
the perspective of a different approach in the
literature. The work is organized as follows.
After the introduction, in the fundamental
knowledge and related work, we deepen
three important pillars for the work: process
management, management processes, and
maturity models. In the next section, we de-
scribe the main goal. In order to achieve our
results, we present the research methodol-
ogy, data and processing. The results of our
research are presented and summarized in
the Results section. The last section discusses
and concludes the main findings.

Fundamental knowledge and related work

In the following, we introduce the concepts
that will be later used in the research. We pre-
sent the theory behind process management,
management processes and maturity models
and highlight relevant related work that has
tackled these concepts.

Process Management

Process management is an integral manage-
ment concept to guide, organize and manage
acompany (Meerkamm, 2010). Introduced by
Deming in 1986 as a central element of qual-
ity management, process management was
quickly popularized, being recognized in the
late 90's as BPM. Therefore, it must be estab-
lished that in the scope of this article, process
management refers to Business Process Man-
agement (BPM).

BPM is “the art and science of overseeing how
work is performed in an organization to en-
sure consistent outcomes and to take ad-
vantage of improvement opportunities”
(Dumas, et al.,, 2018). A business process rep-
resents the “specific ordering of work activi-
ties across time and space, with a beginning,
an end, and clearly identified inputs and out-
puts.” (Davenport, 1993).

BPM combines knowledge from information
technology and management sciences (van
der Aalst, 2013). It is typically structured
along lifecycle models (as shown in figure 1)
assuming that each business process im-
proves through iteration (Macedo de Morais,
et al, 2014). These life cycle phases include
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activities such as process identification, dis-
covery, analysis, improvement, implementa-
tion, monitoring and control (Dumas, et al,

2018). Business process management (BPM)
receives constant attention from industry
(Dumas, et al.,, 2018) (van der Aalst, 2013).

Fig. 1. Business Process Management (BPM) (van der Aalst, et al., 2007)

According to Rosemann, M., & Brocke, as a
management discipline, BPM involves two
ways of development:

1) Process improvement: Initial studies in
this area focused on the analysis of exist-
ing organizational processes (‘as-is’
state), in order to improve these pro-
cesses continuously or incrementally.
These approaches include Total Quality
Management (TQM), Lean Management,
Six Sigma, etc.

2) Process reengineering: introduced by
Hammer (1993), this approach deals
with existing organizational processes in
terms of efficiency and quality that it cre-
ates (added value). This method involves
redesigning the whole process, by radi-
cally improving it and using information
technology as the main component.

Given the diversity of industries, organiza-
tions and their processes, the scope of BPM is
quite wide, both among organizations and
within one organization (Chatman & Jehn,
1994) (Trkman, 2010) (Hammer, 2015)
(Harmon, 2015).

In addition, BPM is applied today to different
purposes, with a trend from the exploitative
to the exploratory capabilities of BPM
(Benner & Tushman, 2003) (Rosemann M.,
2014). While BPM has traditionally focused
on increasing the efficiency and effectiveness
of business processes through standardiza-

tion or automation (exploitation), it also of-
fers opportunities for innovation (explora-
tion) (Brocke & Schmiedel, 2015).

In recentyears, several research fields in BPM
have emerged: automated service selection
and composition (Heinrich, et al, 2018)
(Hoffman, etal., 2012), automated planning of
process models (Lemos, et al., 2016) (Xu, et
al,, 2016) and process mining (van der Aalst,
2016) (van der Aalst, et al,, 2012).

Management Processes

Generally, in the activity of any organization
there are two types of processes: execution
processes and management processes.

1) Execution processes - are those through
which the product/service for the cus-
tomer is actually made. They are charac-
terized by the fact that the labor force
acts directly or indirectly (with the help
of equipment, utilities, software systems,
etc.) on labor objects, resulting in obtain-
ing products or services, corresponding
to the nature of the production processes
involved and the objectives set.

2) Management processes are generally
characterized by the fact that part of the
existing workforce in the unit (e.g, C-
suite) acts on the other majority party, in
order to attract it in an organized way to
achieve the established objectives.

In this context, the management process rep-
resents a set of interventions through which
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the manager exercises the management func- (management, operational/execution, sup-
tions. (Mironescu, 2013) port), hierarchy (strategic, tactical, opera-
tional), their complexity (simple/static, ge-
neric/hybrid, complex /dynamic) etc. Alt-
hough the opinions of practitioners and re-
searchers seem to differ when it comes to the
classification of business processes, in terms
of management processes there is some con-
sensus on (a) their concern for the future per-
formance of the organization and on (b) the
fact that they are super-ordinate to the other
categories of business processes. (Bititci, et
al, 2011)

Management processes were first identified
and analyzed by Henry Fayol (1916), who
proposed five main functions: (i) forecasting
and planning, (ii) organizing, (iii) command-
ing, (iv) coordinating and (v) controlling.

The dynamics of organizations and the busi-
ness environment lead to numerous classifi-
cations of processes depending on their type

Table 1. Classification of business processes

CIMOSA (1989), | Davenport (1993) Armistead et. al. | Garvin (1998)

Childe et. al. (1994), (1997)

Rosing et. al (2015)

a) Operate processes a) Operational processes | a) Operational pro- | a) Organizational

b) Support processes b) Management processes: | cesses b) Managerial:

c) Manage processes: Strategy formulation b Managerial processes: | Direction setting

Set direction Planning and budgeting Competence building Negotiation and selling

Formulate strategies Performance measure- | Renewal Monitoring and Control

Direct business ment c) Direction setting

Resource allocation d) Support processes
Source: Author’s Own Work controls and integrates the work of staff
using specific methods and techniques.”

Table 1 shows some proposed classification (Nicolescu & Verboncu, 1999)

of business processes with emphasis on man-
agement processes. Considering the infor-
mation presented, it can be seen that the man-

In conclusion, management processes are vi-
tal to an organization, strongly influencing its

. ‘ performance.
agement processes cover a wide area, being
dispersed throughout the organization, ex- Maturity Models
ceeding the functional boundaries (or depart-
ments). Maturity, as a degree of measurement, is used
to assess the capability of an organization, re-
Given the purpose of this paper, management garding different dimensions (projects, peo-
processes are considered to be strategic busi- ple, policies and procedures, technology, etc.).
ness processes, which aim to optimize the use The concept became very popular with the
of human, financial, material and information advent of the Capability Maturity Model
resources, in order to achieve the organiza- (CMM), proposed by the Software Engineer-
tion's objectives in the most efficient way. ing Institute at Carnegie Mellon University
Based on the literature reviewed, we elected (1986), to evaluate the software development
to proceed with the following definition: process.
"The management process consists of all The basic principle of a maturity model (MM)
the phases that determine the objectives is to describe maturity stages across different
of the organization, the resources and relevant domains (Roglinger, et al, 2012).
work processes necessary to achieve Usually, MMs are “multi-stage models that de-
their objectives and executors, which scribe typical patterns in the development of

organizational capabilities” (Comuzzi & Patel,
2016). The concept of maturity stages build-
ing on each other in order to offer an effective
tool for analysis and measurement has its
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roots in Crosby’s quality management process
maturity grid (1979). (Wendler, 2012)

Despite the increasing number of publica-
tions about maturity-related topics, a clear
definition of the term ‘maturity model’ is of-
ten avoided, most of these publications de-
scribing the purpose and functioning of the
models.

In the Oxford English Dictionary, ‘maturity’ is
described as “The state of being mature; full-
ness or perfection of development or growth”.

In the context of maturity and assessment
models, a broad definition of maturity can be
adopted, including both behavior and capabil-
ity. According to Andersen & Jessen, the con-
cept of maturity in the business community is
best explained as the sum of action (ability to
act and decide), attitude (desire to be in-
volved), and knowledge (an understanding of
the impact of availability and action).

Thus, from the point of view of these defini-
tions, it can be stipulated that the objective of
maturity models is to present stages for the
measured elements (e.g., software systems

capability) in accordance with their scope,
having as reference their “state of being ma-
ture”. Therefore, they constitute a quantita-
tive evaluation of qualitative features.

For each maturity level, the MM describes
corresponding stages for relevant domains.
These stages should be logically connected
and generalizable to identify the correct ma-
turity level of an organization. Roglinger,
Poppelbufl, & Becker (2012) distinguish
three application-specific purposes of MMs:

1. The descriptive purpose: MMs are used
as a diagnostic tool in order to assess the
current maturity state of an organization
(‘as-is’ state).

2. The prescriptive purpose: MMs outline
the desirable state (high maturity) and
specify a development path for organiza-
tions to achieve this state (‘to-be’ state).

3. The comparative purpose: MM allows to
compare different organizations through
the same assessment tool.

Other maturity models were developed, and
their approaches are presented in table 2.

Table 2. Overview of the different concepts of the maturity models (Fraser, et al., 2002)
(Broens, et al., 2007) (Rosing, etal., 2015)

Subject and reference Approach Maturity Levels
QMMG - Quality Management | Grid, 6 issues, detailed description for | (1) Uncertainty (2) awakening (3) enlightenment (4) wisdom (5) certainty
Maturity Grid (Crosby, 1979) each level

R&D Effectiveness Audit (Szakonyi,
1994)

Grid, 10 issues, detailed description for
each level

(a) not recognized (b) initial efforts () skills (d) methods (e) responsibilities (f)
continuous improvement

Product & Cycle Time Excellence
(McGrath, 1996)

Grid, 10 issues, detailed description at
each level

(1) informal (2) functionally focused project management (3) cross-functional
project management (4) enterprise wide integration of project development

Design Maturity Model (Fraser &
Moultrie, 2001)

Grid, 5 areas, 21 issues, detailed de-
scription at each level

Operational Product

Collaboration Maturity ~ Model

(Fraser & Gregory, 2002)

Grid, 7 issues, detailed description at
each level

(1) none (2) partial (3) formal (4) culturally embedded

Supplier Relationships (Macbeth &
Ferguson, 1994)

Grid / Likert Hybrid, 9 issues, brief
description at 3 levels and 7-point scale

(1) adversarial (2) traditional (3) partnership

1S0 9004 (EN 1SO 9004, 2000) Global levels defined, 5 questions, 11

issues

(1) no formal approach (2) reactive approach (3) stable formal system approach
(4) continual improvement emphasized (5) best in class performing

Grid, 5 maturity levels, detailed descrip-
tion at each level

Project  Management  Maturity
(PMMM) (Dooley et. al., 2001)

123 6)

(Earthy, 1998)
T

Software CMM - Staged Maturity | CMM style (1) initial (2) repeatable (3) defined (4) managed (5) optimizing

Levels (Pauk et. al,, 1993)

Agility (change proficiency) | CMM style (1) accidental (2) repeatable (3) defined (4) managed (5) mastered

Maturity Model (Dove, 1999)

Usability - Human Factors Maturity | CMM style (X) unrecognized (A) recognized (B) considered (C) implemented (D) integrated

(E) institutionalized

Maturity models describe and determine the
state of perfection (fluffiness, completeness -
maturity) of certain capabilities. As it can be
seen in table 2, the application of this concept

is not limited to a specific domain. The basic
purpose of maturity models is to define sim-
plified stages / levels of maturity, including
the characteristics of each stage, through dif-
ferent sets of criteria.
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Maturity of Process Management

Over a hundred maturity models have been
developed in various fields, most of which are
inspired by the Capability Maturity Model
(CMM). Also, in business process manage-
ment (BPM) an array of maturity models has
been suggested (Hammer 2007, Lee et al.
2007,Rosemann and de Bruin 2005, Weber et
al. 2008). In the BPM field, two types of ma-
turity models can be identified: process ma-
turity models and BPM maturity models. The
former refers to the state of the processes in
general or to distinct types of processes, the
latter to the BPM capabilities of a company.

However, the overall structure of maturity
levels is similar. Most of them define a frame-
work with 5 levels (from 1 - initial & uncer-
tainty up to 5 - optimized & continuous im-
provement) and generally distinguish the fol-
lowing 6 areas (Rosing, et al., 2015): strategic
alignment, governance, methods, information
technology, people and culture.

Once an organization has identified the level
of maturity at which it is located, depending
on the purpose of the chosen maturity model,
the areas where improvements are needed
can be identified, a set of steps to reach a
higher level can be followed or the position-
ing of a dimension can be analyzed in relation
to other dimensions, either internal or exter-
nal.

Maturity of Management Processes

When discussing the maturation of manage-
ment processes, the diversity of industries
and the dynamics of organizations have led to
the creation of maturity models specific to a
particular field. Thus, one can distinguish in
literature, among others, different maturity
models developed for analytics (Big data ma-
turity models - i.e., TDWI MM, Van Veenstra's
model), change management (e.g., Prosci's
Change Management MM), human resources
(People Capability Maturity Model - PCMM),
project management (e.g., Organizational
Project Management Maturity Model - OPM3,
Portfolio, Program and Project Management
MM - P3M3).

Hence, when searching for management pro-
cess MM, it can be seen that management has
no standards by which to assess the maturity

of their business ‘management processes’
alone.

All these developed models concern the man-
agement processes from the perspective of
the development level of certain capabili-
ties/core elements (i.e., the six core elements
of BPM proposed by Rosemann and Brocke,
2010). However, no maturity model evaluates
the flow of a management process (i.e.,, the
process of developing vision and strategy, de-
fining the business concept and long-term vi-
sion, conducting organization restructuring
opportunities, etc.).

Maturity of Process Management versus
Maturity of Management Processes

Considering the information presented in our
study on the two concepts, ‘maturity of pro-
cess management’ and ‘maturity of manage-
ment processes’, we noticed that oftentimes
they are not explicitly approached. In general,
when talking about the maturity of the organ-
ization, most models define maturity from the
perspective of BPM. Although the maturity of
process management often involves the eval-
uation of processes at the organizational
level, from the perspective of human re-
sources, IT systems, portfolio, etc., it does not
explicitly include management processes, and
the maturity of management processes seems
to be an area that does not receive a lot of at-
tention. Thus, although the two concepts are
linked, discussing organizations and related
processes, they seem to be generally ap-
proached in different areas.

Therefore, we state the following hypothesis:

Research hypothesis: Although the maturity of
management processes and the maturity of
process management seem to be two similar
concepts, in literature they address different
topics.

Methodology

In order to test our hypothesis, we have de-
cided to conduct quantitative analysis. Due to
the growing adoption of Machine Learning
(ML) techniques in all areas of research, not
just Artificial Intelligence (Al) fields, we have
decided to implement Clustering, a type of ML
algorithm, in order to process multiple re-
search papers and extract latent knowledge
that can confirm or deny our premise.
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Data

We built the dataset, because we couldn’t find
one that would suit our needs. Therefore, the
data come from primary sources. The data
were collected from Elsevier, Science Direct.
The articles were searched by 6 keywords:
management processes (MP), process man-
agement (PM), process management & man-
agement processes (PM&MP), maturity
model (MM), process management maturity
(PMM) and management processes maturity
(MPM). Further filters were applied:

- Publishing Year: 2015 - 2021,

- Article type: Research article and

- Subjectareas: Business, Management and
Accounting.

The dataset consists of 2,661 observations,
containing metadata about research articles.
2015 was chosen as the starting year of the
studied period from the perspective of the
novelty of the research, this analysis prefer-
ring more recent work.

TFIDF (w) =

The tokenizing technique used is Term Fre-
quency - Inverse Document Frequency
(TFIDF). This technique was first introduced
in Information Retrieval (IR) and is a Bag - of
- Words approach, meaning it doesn’t ac-
count for the order in which the words ap-
pear.

(1) TFIDF weighs the number of term-occur-
rences c(w) in a certain document against the
occurrences of that term within the corpus of
all documents d(w), relative to the total num-
ber of documents D. It is a good indicator for
the relevance of a term (Aggarwal & Zhai,
2012).

We decided that this tokenization method is
sufficient for our preliminary analysis and
more complex techniques, such as word2vec,
are not necessary.

Before applying TFIDF vectorization, we re-
moved stop words and punctuation from the
corpus. Stop words add no value to the infor-

» ow o«

mation gain, such as “the”, “a”, “an” etc.

¢ (w) - log

The attributes by which the articles are in-
dexed are: Article Title, Searched Keyword,
No. Citations, Publishing Year, Abstract and
Keywords.

Preprocessing

We clustered the articles by the context of
their abstract. Therefore, Natural Language
Processing (NLP) concepts must be imple-
mented. NLP is an area of Al that focuses
mainly on tackling written and spoken lan-
guage. The NLP technique that will be used is
Tokenization.

Tokenization is the process of transforming a
text into a vector, in order for it to be pro-
cessed by Al algorithms.

The initial dataset consisting of 2,661 articles
was reduced to 2,604, because 57 articles did
not have an abstract. The dataset was further
trimmed to 2,571 articles, because 33 articles
weren't written in English.

D
d(w)
1)

Clustering

We used k-means++ as our clustering algo-
rithm because it offers excellent time com-
plexity and good cluster purity (Rodriguez, et
al, 2019). k-means++ is an improvement of
the k-means algorithm (Arthur & Vassilvitskii,
2007), which aims to partition n observations
into k clusters in which each observation be-
longs to thecluster with the near-
est mean (cluster centers or cluster centroid).
k-means clustering minimizes within-cluster
variances (squared Euclidean distances)
(Jain, 2010).

k-means++ is an algorithm for choosing the
initial values (or "seeds") for the k-means
clustering algorithm. k-means++ specifies a
procedure to initialize the cluster centers be-
fore proceeding with the standard k-means
optimization iterations.

Because k-means++ is an algorithm that par-
titions the data in a given number of clusters,
a technique to determine the best number is
required. We use a common approach, the el-
bow method.

Lucia - Cristina FARKAS and Alexandru - Costin BAROIU, Journal of Software & Systems

Development, DOI: 10.5171/2022.435363



Journal of Software & Systems Development 8

The elbow method is a graphic tool. It slope plateaus is the optimal number of clus-
measures the within-cluster distance for an ters. The distance function used is squared
interval of clusters, in our case from 2 to 10, Euclidean distance.

and plots it on a graph. The point at which the

Elbow Method For Optimal k

495000

490000 1

& &
(=] i
[=] =
=] =]
= =

m_of_squared_distances

1475000

470000 1

Figure 2. Elbow method, Source: Authors’ own work

Figure 2 displays the elbow graph obtained For our analysis, we used 7 as the number of
from our dataset. k represents the number of clusters, considering it is the point where the
clusters by which the points are partitioned. slope gets the closest to plateauing.
Clusters
* ]
* 3
3125
4 10.0
75
5
5.0
6 25
700
2.5
10.0

—-2.5
5 5
10 5.0

Figure 3. 3D representation of the clusters, Source: Authors’ own work

It can be noted from figure 3 that the clusters Results
aren’t very well defined. It can be seen that
they tend to merge. This was to be expected,
due to the similar nature of the keywords by
which the articles were searched for.

As stated before, the articles were partitioned
in 7 clusters. In the following, statistics for
each cluster will be presented, in comparison
with the Searched Keyword.
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Table 3. Count of articles by Searched Keyword and Cluster

Keyword Cc1 c2 C3 c4 C5 Ccé6 c7 Total

MP 22 34 221 25 172 181 842 1497
PM 23 79 86 19 29 103 363 702
PM& 5 22 33 5 14 33 51 163
MP

MM 9 5 28 1 21 15 122 201
PMM 0 1 0 0 1 0 1 3
MPM 0 0 0 0 4 1 ] 5
Total 59 141 368 50 241 333 1379 2571

Source: Authors’ own work

From table 3 multiple pieces of information
can be extracted. First, it can be observed that,
by Searched Keyword, most articles were
found for management processes, followed by
process management. Process management
maturity and management process maturity
returned the least number of articles, 3 and 5,
respectively.

Furthermore, the cluster with the greatest
number of articles is cluster 7, which contains

over 53% of the total. It is followed by cluster
3 and cluster 6.

It can be noted that 80% of the articles found
by the management process maturity
Searched Keyword belong to cluster 5. In con-
trast, all three of the process management
maturity articles belong to different clusters:
2,5 and 7, respectively.

In the following, an analysis of average num-
ber of citations will be presented.

Table 4. Mean Citations of articles by Searched Keyword and Cluster

Keyword | C1 c2 Cc3 c4 C5 cé6 c7 Total
MP 17,8 1,5 22,5 15,0 25,2 15,0 12,8 18,0
PM 26,8 | 17,6 22,6 19,4 18,9 17,0 15,0 19,6
PM& 11,8 22,5 29,7 16,2 17,4 | 14,5 17,0 19,1
MP

MM 44,6 6,0 22,4 6,0 36,6 6,0 16,0 19,7
PMP - 0,0] - - 21,0 | - 6,0 9,0
MPM - - 36,5 0,0] - 18,3
Total 25,2 12,7 24,3 14,2 259 9,5 13,4 17,9

Source: Authors’ own work
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From table 4 it can be noted that the articles
have, on average, the same number of cita-
tions when they are grouped by Searched
Keyword. The only keyword that returns sig-
nificantly different results is process manage-
ment maturity (9), 9 - 10 citations less than
the other keywords.

When looking at the number of citations’ dis-
tribution by clusters, they can be grouped in
three classes. Cluster 1, 3 and 5 have a similar
number of citations on average: 25,2, 24,3 and
25,9. Cluster 2, 4 and 7 have a similar number
of citations on average: 12,7, 14,2 and 13,4. A
third class is composed only of cluster 6,
which has the least number of citations on av-
erage: 9,5.

Table 5. Distance between clusters (Cluster Centers)

Distance c1 C2 C3 C4 C5 cé C7
C1 B 10,4 9,0 10,8 10,3 9,4 8,5
c2 = 7,8 9,9 9,1 8,1 7,0
C3 = 7,8 5,8 4,9 3.5
C4 - 9,2 8,0 7,2
C5 & 6,8 57
Co = 4,3
Cc7 E

Source: Authors’ own work

Table 5 presents the distance between clus-
ters, calculated between cluster centers. The
maximum distance is 10,8, between cluster 1
and cluster 4. The minimum distance is 3,5,

between cluster 3 and cluster 7. The average
distance between clusters is 7,8.

In order to better understand how k-means
clustered the data, feature importance was
performed. The results are presented in fig-
ure 4. The values on the X axis represent the
feature importance score.

firm
data
projects
process

research

features

management
knowledge
innovation
performance

project

0.000 0005 0010

0015 0020 0025

Figure 4. Clustering Feature Importance, Source: Authors’ own work

The most important word by which the arti-
cles were clustered is project, followed by
performance, innovation, knowledge and
management. It can be noted that some neu-
tral words in the base of our study are used,
such as research and data.

Table 6 presents the 10 most frequent words
by cluster. From it, characteristics about each
cluster can be extracted. It can be deduced
that articles in cluster 1 focus on big data (top
2 words). Comparatively, articles in the sec-
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ond cluster are on the subject of business pro-
cess management (top 3 words). Articles in
cluster 3 talk about knowledge management
(2nd and 3 most frequent words), while arti-
cles in cluster 4 focus on digital services (top
3 words). Project management is the main

topic of articles in cluster 5 (top 3 words),
performance and innovation management
the topic of articles in cluster 6 (top 3 words)
and cluster 7 articles discuss management
models and information.

Table 6. Top 10 words by word frequency grouped by cluster

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Cluster 7
Word Freq | Word Freq | Word Freq | Word Freq | Word Freq | Word Freq | Word Freq
data 468 | process 893 | research 904 | service 320 | project 1117 | performance 952 | study 1126
big 126 | business 256 | knowledge 744 | digital 88 | management 824 | innovation 931 | management | 798
management 71 | models 223 | management | 729 | services 54 | projects 308 | management 392 | paper 712
decision 70 | processes 207 | study 334 | study 50 | study 202 | study 367 | model 709
quality 70 | model 176 | business 275 | quality 49 | research 201 | firm 310 | based 704
business 68 | approach 135 | literature 272 | research 42 | risk 185 | organizational | 274 | research 692
based 55 | based 121 | development | 235 | cloud 35 | based 151 | results 242 | information 593
study 55 | data 113 | supply 224 | framework 33 | practices 133 | firms 240 | data 581
making 52 | performance 97 | based 198 | new 33 | organizational 133 | relationship 235 | results 545
information 50 | paper 94 | paper 191 | performance 33 | success 133 | capabilities 227 | business 511

Source: Authors’ own work

Looking at table 6, it can also be understood
why k-means found project and performance
the two mostimportant features to cluster the
articles. They both are high frequency words
that are found in a select portion of the data-
base. This phenomenon is the clearest for
project. It is found in abundance in cluster 5,
but it doesn’t crack the top 10 for any other
cluster.

Another interesting observation can be made.
Cluster 5 (project management) contains the
majority of articles with Search Keyword
“management processes maturity”. For arti-
cles with Search Keyword “process manage-
ment maturity”, the three clusters are 2, 5 and
7, with the most frequent words: business
process models (cluster 2), project manage-
ment (cluster 5) and information manage-
ment model (cluster 7). All things considered,
the sample is too small to consider these re-
sults significant, but the observation still had
to be made and is an interesting one.

Discussion & Conclusions

After presenting and analyzing the results, we
can return to our hypothesis. We believe that
the answer can be found in the clustering of
the articles and what each cluster represents.
In this sense, articles representative of man-
agement processes maturity (a) were parti-
tioned mainly to cluster 5. Research articles

representative of process management ma-
turity (b) were dispersed in clusters 2, 5 and
7. Furthermore, (a) focus mainly on project
management, while (b) tackle business pro-
cess models, project management and infor-
mation management models. Inferring from
these findings, it can be concluded that the
two concepts, while apparently similar, are
quite different. One is more focused, while the
other is used in a more varied manor. This is
also backed by research and common sense.
Management processes maturity will natu-
rally be tied to project management, while
process management maturity has a larger
base of application, seeing how there are a
plethora of process types, not just manage-
ment.

Future work could consist of a larger data-
base, adding more Search Keywords, such as
business process management, different clus-
tering algorithms and more complex Al algo-
rithms, such as Neural Networks.

In closing, we believe that this article can
serve as the foundation for future research
into the field of BPM comparative analysis.
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