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Abstract: It is known that significant amounts of data are collected and stored in project management environments
due to the use of digital communication and data storage technologies. At the same time, there is the challenge of
managing increasingly complex projects in environments that require significant levels of agility. One way to deal
with this problem is through hybrid management models. Could data mining techniques assist in the development
of hybrid models, allowing organizations to deal with the complexity of their projects? This study identified the
state of the art on the use of association rules in project management, identifying opportunities for research. Among
data mining techniques, we prioritize association rules, which aim to find interesting patterns in large data sets.
Through a systematic literature review, ten studies were found proposing the use of association rules in project
management. As a result, we propose potential solutions using data mining to deal with complexity in the context
of hybrid project management. The study aims to contribute to the advancement of project management literature

and to shows new research opportunities in the area.
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1. Introduction

The complex projects management in dynamic
environments will be the hallmark of the industry 4.0
and innovation through ecosystems (lansiti & Lakhani,
2014). The result is increasingly complex projects due to
technological changes, diversity of actors, business models,
and business environment (San Cristobal et al., 2019). This
complexity is related to several factors such as the number
of variables/components and the interaction between them
(Luo et al., 2017).

Several studies have explored complexity in projects.
For example, Floricel et al. (2018) proposed a framework
for describing the consequences of complexity for project
form and evolution. The authors identified four types of
complexity and outlined strategies for dealing with different
project contexts: iteration, options, agility, and modularity.
According to authors the agility is a survival strategy for
complex projects (Floricel et al., 2018).

We are facing a trade-off in which increasingly complex
environments will require more agility. Imani et al. (2017)
defend the combination of management practices as an
alternative to deal with this challenge, since it has the
capacity to be more adaptable to the inherent needs of the
business environment. This management strategy has been
called hybrid models, one of the most discussed topics in
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research on agility and innovation projects (Adelakun et al.,
2017; Ciric et al., 2018).

Organizations rarely use “pure” methods and the use of
hybrid models is a potential solution to deal with the current
business environment. Several authors have proposed
hybrid models in recent years, such as Cooper (2014),
Fitzgerald et al. (2013), Sommer et al. (2015), Conforto &
Amaral (2016), Alqudah & Razali (2016), and Hobbs & Petit
(2017). However, these models were built by specialists
within a specific context and environments, and for certain
types of projects and industries, which makes it difficult
to use for other contexts. The complexity increases since
each organization have its characteristics, different levels
of innovation, product complexity, resources, customers,
in addition to the high number of methods and practices
available. One of the main challenges in the use of hybrid
models is to develop skills and tools capable of dealing with
the complexity and dynamism of the business environment
in order to develop management solutions suited to the
needs of each project.

The popularization and advances in technologies such
as Big Data, connectivity, and real-time observations, make
data mining a promising strategy to deal with problems of
this nature. The application of data mining algorithms in
project management can be feasible to discover patterns
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and knowledge from large amounts of data. This can assist
organizations and professionals in developing hybrid
models to the specific context of their projects. For example,
the use of data mining may indicate that practice A or B,
or a combination of practices, is more beneficial for the
management of the project under development, based on
past experience of similar projects and organizational factors.

One of the main techniques for identifying these
patterns is the Association Rules (AR). We propose a
systematic literature review on association rules in project
management, in order to identify the state of the art on
the topic and explore its potential to deal with the main
problems related to the development and application of
hybrid models. The paper also opens up new perspectives
for the development of strategies, tools and methods to
assess the conditions of the environment and the project,
and assist professionals and organizations to develop better
management solutions for their projects.

The rest of the paper is structured as follows. Section
II provides the theoretical background. In Section III, we
discuss the research method. The results and discussions are
provided in Section I'V. In Section V, the final conclusions
and future research are presented.

2. Theoretical background
2.1. Data mining and association rules

The computerization of society, the collection and
storage of information has evolved exponentially over
the years. Engineering practices generate high volumes
of information, whether related to your processes and
operations, finance, people and marketing. This amount
of data has required the use of appropriate techniques to
discover valuable information and turn it into knowledge
(Han et al., 2012). These facts culminated in data mining,
which can be defined as the process of discovering
interesting patterns and knowledge from large amounts of
data, being applied in the most varied areas and sectors of
the economy (Han et al., 2012).

Let’s imagine a company with structured project
management, which systematically extracts and stores
information about all its projects (e.g. type, needs, teams,
environment, practices, results). What types of patterns
and information could be revealed from this database using
data mining techniques? Is it possible to think of patterns
of management practices according to the characteristics
and environment of the project? This information could
help these professionals in future projects? The answer to
these questions can be valuable for organizations and the
development of the project management area.

Association rules is a data mining technique used to
identify frequent patterns. It is an unsupervised technique,
that is, the correct answer is not provided to the system
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(labeled data), and the algorithm finds out for itself.
The technique makes it possible to find interesting patterns
(relationships, dependencies) in large sets of data items
(Cios et al., 2007). This association between items can
provide important information for the user. A classic
example is shown below (Cios et al., 2007, p.291): “[...]
major (x, Computer Engineering) AND takes course (X,
Advanced Data Analysis and Decision Making) = level
(x, PhD) [s = 1%, ¢ = 75%]".

The left part is called the antecedent and the right part
is consequent. This rule states that students graduated in
Computer Engineering and who are taking Advanced Data
Analysis and Decision Making are at the doctoral level, with
1% support and 75% confidence. This type of association is
used for a wide range of purposes, such as designing product
catalogs, planning store shelving layouts, DNA sequence
analysis, web log analysis (click stream), and building
recommendation systems (Houtsma & Swami, 1995).

2.2. Hybrid models in project management

Hybrid models are being increasingly studied and used
by different organizations. This interest is being driven
by the need to deal with new market challenges, such as
complexity and innovation, and different types of projects
in the same organization. In these cases, the variety of
interrelated factors, aligned with the uniqueness of each
project, means that the use of pure management approaches
(agile and waterfall) do not fully meet the needs of each
case (Adelakun et al., 2017; Riesener et al., 2018; Ambler
& Lines, 2018).

The combination of agile and waterfall practices aims to
balance predictability and anticipation with flexibility and
adaptability, providing agility in complex environments.
We will use the definition proposed by Conforto et al. (2015,
p-10) that define hybrid models as:

The combination of principles, practices, techniques and
tools from different approaches in a systematic process
that aims to adapt management to the business context
and specific type of projects. The goal is to maximize
the performance of the project and product, provide a
balance between predictability and flexibility, reduce risk
and increase innovation, to deliver better business results
and customer value.

There is a wide range of hybrid models proposed in the
literature. A systematic literature review to identify these
models can be consulted in Silva et al. (2019). The search
was updated for the present study and the synthesis of this
analysis can be seen in Table 1.

Despite the existence of these models, all of them have
the limitation of being developed for a specific context,
according to the particularities of the business, product
characteristics, customer, market and specific technology.
XPrince was proposed for different types of software, and
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IVMP2 for manufacturing. Even with the specificities, these
proposals are presented as prescriptive models, and many
organizations and professionals seek to use them as a solution
for the management of their projects. In this context, Table 2
presents the main characteristics and problems related to the
hybrid models available in the literature.

The main problems are related to the uniqueness of
the projects, understanding the environment and selecting
or adapting management practices for each case, from a

Table 1. Hybrid models identified in the literature.

wide variety of possibilities. This study seeks to explore
the potential use of association rules to overcome these
challenges related to the use of hybrid models.

3. Method

The study included a systematic literature review (SLR)
about association rules, in order to verify the potential
of data mining to assist project management, especially
the use of hybrid models. The SLR method proposed by

Combination of

Amaral, 2016)

Management Method

Authors/year Hybrid Model Which methods/models encompass Application area
approaches
. Extreme Programming (XP),
(Nawrocki et al, XPrince Agile + Waterfall PRINCE?2 and Rational Unified Software development
2006)
Process (RUP)
(Rahimian & Mobile Software . . Adaptative Software Development Mobile software
Ramsin, 2008) Development Methodolo Agile + Agile (ASD) and New Product development
’ P &y Development (NPD) P
Hybrid Software . .
(Cho, 2009) Development Method for | Agile + Waterfall | Retional Unified Process (RUP) and Large and complex
. SCRUM projects
Large-Scale Projects
. e . Scrum, Extreme Programming (XP),
(Zaki gcoll\/(l)())awad, Aslii.’gﬁel);iglcilggﬁgglle Agile + Waterfall | Feature Driven Development (FDD) Software development
and Rational Unified Process (RUP)
(Seyam & SCRUM, XP, Crystal Family,
Galal-egeen 2011) Tragile Agile + Waterfall Structured Systems Analysis & Information systems
’ Design Method (SSADM)
Lo . . . . XP, SCRUM, Lean Software
+ b 9
(Ambler, 2013) Disciplined Agile Delivery | Agile + Agile Development Software development
(Anitha et al., 2013) V-model +Scrum Agile + Waterfall V-model, Scrum Information systems
(Binder et al., 2014) Cocktail Model Agile + Waterfall Agile practices and ISO 21500 Software development
(Ahmad et al., . SCRUM, Extreme programming (XP)
+
2014) XSR Model Agile + Waterfall and Rational Unified Process (RUP) Software development
(Cooper, 2014) Agile-Stage-Gate Agile + Waterfall Stage-Gate® and agile practices Complex projects
(Sommer et al., Industrial Scrum Framework | Agile + Waterfall| Modelo Stage-Gate® and SCRUM Industry (wind turbines,
2015) valves and sensors)
(Silva, 2015) Combined time planning | Agile + Waterfall SCRUM and waterfall practices Aircraft industry
(Conforto & Iterative and Visual Project Agile + Waterfall Stage-Gate® and agile practices Manufactured products

and software development

Table 2. Characteristics and problems of current hybrid management models. Source: The characteristics were based on the
work of Conforto et al. (2015).

Characteristics (C)

Problems (P)

or more approaches;

C1. Combine principles, practices, techniques and tools from two

P1. Developed for specific contexts and should not be generalized for
any type of project;

C2. Customized to meet project needs;

P2. Lack of a systematic procedure indicating how to combine practices;

with flexibility;

C3. Balance predictability, anticipation and risk minimization

P3. Failure to consider internal and external factors in the decision process
for configuring hybrid models;

C4. Eliminates activities and documentation that do not add value
to project management;

P4. There is no recommended practice for different projects and sectors
of the economy;

collaboratively;

C5. Can present different roles and responsibilities by working

P5. Absence of performance analysis of the selected practices;

C6. Combine process discipline with team self-management.

P6. The proposals do not consider the association of risks by type of
project;

P7. There is no association of problems or lessons learned with practices.
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Conforto et al. (2011) was used. The research steps can be
seen in Table 3.

The following strings and Boolean operators were used:
“Association Rules” or “Association analysis” or “Apriori
Algorithm” AND Project* or “Project management”
or “Project assessment” or “Agile” or “Plan-driven” or
“warterfall”. It was necessary to exclude results that focused
on the health area, since many studies related to medicine
and diagnosis use the association rules technique.

Three criteria were used to guide the selection process:
I) The studies had to discuss applications of association rules
in the area of project management; II) Present proposals to
improve the project management process; and I1I) Relate
the use of association rules to develop management models.
Next, we present the main studies that explore the use of
association rules for project management and discuss their
relationship with the research objective.

4. Results and discussion

The increasing restrictions (e.g. time, cost, quality) and
complexity of the projects, combined with the advancement
of technologies has contributed to the advancement of
research in this area. Data mining is a possible solution to
contribute to the effective management of projects in this
new business environment. Several authors have studied
the use of data mining techniques in the area of project
management.

Chawla et al. (2003) used association rules networks
(ARNSs) in conjunction with cluster analysis to discover
patterns that characterized the success or failure of Open
Source Software (OSS) projects, so that new projects could
benefit from the knowledge produced. However, the authors

Table 3. The research method.
Step
Step 1

Description

Initially we defined the research problem, the objective
of SLR, the inclusion criteria, the primary sources of
information, the search strings and the SLR schedule.
The searches were performed in the pre-established
databases (Web of Science® and Google Scholar) using
the search strings defined in the previous step. A total of
1101 articles were found.

Step 2

Step 3 | The results went through three selection filters. In the first
filter, the title, summary and keywords were read, which
should be in agreement with the pre-established criteria,
culminating in the selection of 50 papers. In the second
filter, the introduction and conclusion of these articles
were read, and 15 papers were selected for the next filter.
The third filter consisted of a complete analysis of the
documents. At the end of the process, 11 papers were

selected.

Step 4 | The selected articles were cataloged and stored in a
repository.

The articles were analyzed and the results were synthesized.

Step 5
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do not explain and do not discuss the importance and impact
of the rules for project management.

Veloso (2003) discusses the use of association rules
applied in the planning of human resources, assisting in
the formation of the project team. This activity is complex
and deals with several variables: technical and personal
characteristics of human resources, availability, project
and customer characteristics, among others (Veloso, 2003).
According to the author, the association rules can generate
results such as: if A works on a given project, then B has
x% probability of working on that same project. The author
generated his results from historical records of real project
time reports developed by a given company, using the
Apriori algorithm. However, some questions can be better
explored: how to feed the database with new resources,
which do not yet have experience in the organization?
Can the unit of analysis be phases or activities of the project?
In addition to the time reports, are there other ways to collect
the data? Is it possible to recommend changes to a project
already under development? Despite this, the work brings
interesting contributions to the area of project management,
allowing professionals to have a technique capable of
supporting them in choosing human resources for a project.

Garcia et al. (2004a) propose a method to prioritize
the strongest association rules to assist decision making in
software projects without the need of domain knowledge.
It is an iterative process that aims to refine the generated
rules, selecting the most useful rules for the user. The authors
exemplify the process for estimating a project’s effort. The
authors’ main focus is on the application of this refinement
method and, consequently, they do not discuss how the
results found (effort and project size) can effectively help
the project manager in conducting their projects.

Garcia et al. (2004b) use clustering and association
rules algorithms to discover patterns that relate the size of a
software project, with other attributes (lines of code), such as
the effort required to complete it. After generating the rules,
the authors present the same refinement method discussed
in the previous paragraph. The study of the relationship
between software size and measures of the final product such
as lines of code is interesting because it allows analyzing
information at the beginning of the project to assist in its
planning. However, the authors do not show the impact of
their analysis on a real project, nor do they address how the
study can help other projects besides software development.

Song et al. (2006) integrate association rules with
classification techniques to predict software defects
and the efforts need to correct them, based on historical
software engineering data. The proposal makes it possible
to understand how a defect relates to another, allowing the
project manager to make decisions and avoid future defects
or problems. With the proposed method, the authors also
discuss about effort prediction rules, which can also help
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professionals in this field. Other studies can explore the
proposed method to analyze multiple databases and help
professionals to identify the main defects by type of project
and the effort required.

Garcia et al. (2008) mined project data using association
rules to estimate the influence of certain management policy
factors on various attributes of the software project such
as technological, product and process factors. As a result,
the authors present eleven rules associating the impact of
management policies with the quality, time and effort of
software development. The authors’ focus is on testing
and analyzing the proposed method, without thoroughly
discussing the generated rules and the implication of such
patterns in the area of project management.

Prasad et al. (2010) explore the factors that guide
the project to success using data mining tools such as
association rules (Apriori), decision tree, neural networks
and Naive Bayes. The database was formed through an
online survey, analyzing success and failure factors, in
addition to verifying whether the respondent’s project
was a success or not. The authors’ idea is pertinent, but
no concrete results are shown of what are the factors that
actually lead to the success of a project and / or how we
could change the progress of a project towards success
based on the results found. New studies can be carried out
with the same objective in more robust databases in order
to generate results that objectively assist professionals in
project management.

Azzeh et al. (2010) use association rules in conjunction
with “Fuzzy set theory” to predict the effort required for
a given stage of the project based on information from
previous stages, in order to avoid that the initial plan
has a large difference from the end. The aim is to allow
the project manager to reallocate the correct number of
resources, reschedule the project and track the project’s
progress to finish on time and within budget (Azzeh et al.,
2010). The work is strongly based on quantitative analysis,
however the results found are not converted into tangible
information to assist professionals in the development of
their projects. We conclude that the main contribution of the
study is in the combination of association rules and “Fuzy
set theory” that can be used for other purposes.

Emanuel et al. (2010) as well as other studies, used the
association rules to find the success factors of Open Source
Software Projects (OSS). For the authors, the project is
considered a success based on the number of downloads
on the platform (sourceforge.net). The work resulted in
six factors that should be used in projects of this type to
increase their success: the project must target ordinary
users as an audience, the source code must be in production
/ stable, must work on both the Linux and Windows
operating systems, must be reviewed by at least one user,
have a file name in zip format with size in megabyte, and
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the project must have an English translation. The study
achieves its objective, but some doubts arise: Is the number
of downloads a good metric for the success of a project?
Are the practices adequate to the project needs? Does the
management model impact the success of the project?
Future studies can explore these issues.

Parsanejad (2013) uses the association rules to discover
the relationship between nine project success criteria, which
were identified through a literature review containing
170 studies. The criteria used are: Cost, Time, Quality,
Owner/Sponsor Satisfaction, Organization Satisfaction,
Project Team Satisfaction, Supplier Satisfaction, Customer
Satisfaction, and Stakeholder Satisfaction. This work is
different from the previous ones, because it explores the
impact of the results for project management, assisting
professionals in the conduct of their projects. Future
research can specifically study each of the relationships
addressed, in order to validate the results and expand the
discussion on the topic.

Savchuk et al. (2017) investigated the use of association
rules in order to predict the time needed to correct a certain
error in software development, through the relationship
between bugs and time, in addition to being able to predict
the professional who will correct this error according
to their skills. The basic idea is to find similar cases in
previous situations, analyze them and use this knowledge
and information for new challenges (Savchuk et al.,
2017). Despite the proposal, the authors do not show any
association rules, focusing only on the amount of results
found in relation to the number of bugs in the analyzed
data. A discussion was expected between the association
between the bugs and the effort required to resolve them.

The majority of the studies presented focus on the
application of mathematical models, without assessing
the impact of techniques and methods on the performance
of project management, not exploring in depth how
to effectively assist the organization or professionals
in conducting their projects. The focus on the use of
mathematical models is not a bad thing, but the direct
implications for project management could be better
explored. Another aspect to be highlighted is the domain
of software development among the studies. Despite the
limitations, the authors agree on the potential use of data
mining techniques to improve and assist in the evolution
of project management, presenting proposals to allocate
resources, estimate effort and time to collect a project
activity, or identify the success factors of a project.

4.1. Association rules and hybrid models

Based on the work discussed in the previous section
and the opportunities (potential use) of the association
rules technique to assist in the use of hybrid models to
manage complex projects in dynamic environments, we
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present proposals for the application of data mining to help e P3. Failure to consider internal and external

solve the problems related to hybrid models (see Table 1 factors into the decision process for hybrid models
— Section 2.2). configuration. This problem should be further
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» PI. Developed for specific contexts and should not
be generalized for any type of project. The practices
of a hybrid model need to be customized for specific
contexts, without generalization for all types of
projects in the organization. Each project is unique
and must be managed in different ways. The hybrid
models in the literature were developed based on
this principle, however they are prescriptive models
to be used by other organizations and professionals.
For these models to work outside the context for
which they were created, companies need to make
changes in several areas, such as teams, processes,
organizational structure, governance, which makes
the use of these models difficult. At the same time,
there is a lack of methods and tools capable of
assisting organizations in developing solutions
that are aligned with the reality they face. Data
mining, specifically the association rules, can help
organizations and professionals to identify, from the
results of their previous projects, which management
practices are best suited for use in their own context
and type of project and which need to be reviewed.
In this way organizations can use past experience
and be inspired by existing hybrid models to create
the best solution for their case;

* P2. Lack of a systematic procedure indicating
how to combine practices, and P4. There is no
recommended practice for different projects and
sectors of the economy. Association rules has the
potential to analyze large volumes of project data
and use algorithms to relate management practices
to the organizational environment, characteristics of
aproject, and level of agility, in order to recommend
an appropriate management model for each situation.
The use of the association rules technique will not
increase the agility of the organization’s projects by
itself, however the information generated through
the analysis of the rules can contribute to the use of
management practices that are more aligned with
the characteristics of a project and organizational
factors, favoring the development of agility for that
project. For example, we could have rules such as:
Practice (x) AND Environment (y) = Agility (z).
Thus, a procedure can be developed to generate
combinations of management practices in an
automated way, being able to identify the practices
most aligned with the organization and its projects,
eliminating the need for a project management
specialist;

investigated using appropriate data modeling
and correlation techniques. Future research may
use data mining to identify internal and external
factors to the organization that impact the choice of
practices to create the hybrid model and its use in
the organization’s projects;

P5. Absence of performance analysis of the selected
practices. We can analyze the data related to the
results obtained with the practices used in past
projects, and compare them with the results achieved
with the new practices/management models. Here
we also have another opportunity for discussion.
In traditional management, methods such as Earned
Value Analysis are applied to monitor the evolution
of the project. In the hybrid environment we can
include agile teams as responsible for deliveries.
Would it be possible to use mining techniques to
combine data from agile teams in hybrid projects
and associate them with value indicators? This
question may open up new research opportunities
to develop retrofit models to continue improve the
decision process;

P6. The proposals do not consider the association
of risks by type of project. Organizations can
use association rules to associate potential risks
according to the type of project, enabling more
consistent risk management that can be used in
future projects;

P7. There is no association of problems or lessons
learned with practices. Association rules and other
datamining techniques can be used to generate a list
of practices used in previous projects, the problems
faced and how they were overcome, summarizing
the lessons learned to be used in future projects and
assisting project teams.

5. Conclusion

Hybrid models have proven to be interesting in dealing
with the complexity of the new business environment.
The combination of practices aligned with the organizational
environment allows to customize the management model to
the reality of each project. However, a series of problems
arise in this scenario, such as finding the best combination
for each situation.

The present study explored the potential use of data
mining in project management to assist in solving some
of these problems. Among the data mining techniques,
the one that best suited the objectives of this study are the
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association rules, which allow the identification of frequent
patterns, associations and correlations in large data sets.
Through a literature review we identified studies that used
association rules to assist in project management, whether
to assist in choosing resources to form the project team,
to discover the effort required to complete the project or
parts of it, and to predict bugs in software and the efforts
required to fix them.

Based on these results, we propose some solutions to
the problems related to the application of hybrid models.
The problems of combining practices seem to be the
most promising for the use of data mining techniques.
Seven problems were addressed to assist companies
and professionals in choosing and combining the most
appropriate practices for their projects according to their
specificities.

Regarding the limitations, the proposals to solve the
problems evidenced by hybrid models have not been
validated. Future research can study the use of data mining
for each of the mentioned problems, opening up new
research opportunities. For example, new algorithms can
be developed and incorporated into project management
information systems in order to extract important
information to assist organizations and professionals
in conducting their projects (e.g. information related to
performance, practices, resources, risk, communication).
Another opportunity may be the development / use of data
extraction, integration and analysis techniques, allowing the
creation of a project management database and subsequent
generation of new knowledge.

Advances in data analysis can bring benefits to
project management, generating the opportunity to assist
organizations and professionals in decision making and in
the development of new management solutions more aligned
with the needs and objectives of their projects.
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