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Selecting the best project management method at the workplace helps to deliver a high-
quality product to the customer. Hence, the need for good knowledge of management
methods, their characteristics, advantages, and disadvantages, is necessary to be able to
select the best for the specific project. However, until now, no large dataset for Ma-
chine Learning and decision-making model, model or system has been proposed to help
project managers to the most efficient method adapted to the constraints of their projects.
This work develops the construction of the dataset for agile and IoT project management
method based on the real experiences. In this paper, our objective is to propose a criteria-
based model that allows the choice of the best management method to adopt for such an
IT or IoT project according to a set of criteria.

Keywords: agile method; information technology (IT); internet of things (IoT); project
management; dynamic system development method (DSDM).
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1. Introduction

The Internet of Things (IoT) industry is expanding daily as more devices connect to the Internet. Its
typical applications are expanding in a variety of fields, including e-health, smart homes and buildings,
smart meters, smart grid, among other areas [1,2]. The IoT project is the combination of software and
hardware in IoT project unlike the I'T project which is based on software and less complex.
Managing an I'T or IoT project is a significant challenge for any organization. Because the man-
agement method enables teams to self-organize, operate effectively, and complete each phase of the
project while adhering to the set criteria. Selecting a project management method is not an easy task.
The method used has an impact on the ultimate output, either positively or badly, depending on the
project and personnel criteria [3]. There is a diversity of agile and IoT methods like Scrum [4], Extreme
Programming (XP) [5], SAFe [6], Ignite [7], IoT Methodology 8], and more. Each of them has its own
particularities, even if they are based on the same values and principles as the agile methods.
According to our state-of-the-art studies |9,

) ) o Table 1. Agile/IoT methods for IT/IoT projects.
10], each method has its own singularity in terms

of project/team size, iteration time, change, and g/iitﬁgd I piOJeCt loT p}:OJeCt
so on. The non-existence of a platform or a model eXtreme Programming <

that allows the selection of the right method for Ignite X

a specific IT or IoT project makes project man- SAFe x x
agers search and compare methods in order to IoT Methodology X
choose the right method or to adopt the method Kanban X X
already used in their previous project even if it FDD X

DSDM X

is not adapted to their current project. This can
pose a time-wasting problem in the search or the risk of failure of the project. Table 1 shows some
management methods (agile/IoT methods) for IT and IoT projects.
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For this reason, we aim to develop a choice model that allows us to detect the most adapted
management method for IT or IoT projects. To achieve this goal, we first realize state of art analysis
and investigation to collect the research datasets offered for this object, however, we did not find
any dataset available, and which offers a description of software projects in this regard. To face this
challenge, we propose in this work paper the construction of a Project management dataset containing
the necessary information for the methods used in real projects.

The remainder of this paper is organized as follows: Section 2 presents State-of-art of I'T and IoT
project management. Section 3 define data construction approach. Then the results and analysis of
data construction is left for Section 4. Section 5 presents association rule for management method
selection using the Rapidminer software tool. The discussion and conclusion will present in Section 6.

2. IT and loT project management methods state of art

Since the emergence of the agile approach known by the agile methods such as Scrum, XP, Kanban,
etc. Information Technology (IT) companies adopt this approach to manage their projects because it
solves the problems caused by the traditional approach as the length of the life cycle. Agile methods
are iterative and incremental that allows changes during the project realization. They are based on four
values and twelve principles agreed upon in the manifesto in 2001 [11]. The evolution of technology
contributes to the emergence of the internet of things (IoT) which implies the emergence of a new type
of project which is IoT projects that integrate hardware and software layers. The managers of IoT
projects propose their own methods (Ignite and IoT Methodology) based on their experiences after
experimenting with agile methods and scalable methods like SAFe. The proposed methods specific to
IoT projects do not prevent managers from using agile methods such as Scrum or Dynamic System
Development Method (DSDM [12]) or scalable methods such as SAFe. There are also other methods
proposed in the IoT context. The variety of these methods for neither IT nor IoT projects makes
the choice of the best technique adapted for a software project an important challenge in the field of
software development.

Until now, variant initiatives are conducted to study and analyze the most adapted techniques to
IT or IoT projects. Pouyandeh et al. [13| conducted a study that determined the multiple construction
industry success criteria, and as a consequence, the latter discovered the appropriate agile method
to use by merging the Delphi and AHP methodologies. This research investigates how using agile
approaches influences how construction project success criteria are improved and compared. Then, in
order to select the best agile method to adopt, prioritize agile methods and criteria.

Moreover, we found another initiative to build a dataset concerning agile methods. The dataset
found on Kaggle [14] contains 30 lines and information about the methods used in the companies,
the reasons for their choice, whether they have made changes to their chosen method, whether they
want to migrate to agile methods in case of using traditional methods, and so on. However, this data
does not allow good visualization of the criteria that allow the choice of the method according to the
project and company specificities. As seen before, no system or model facilitates the choice of the most
adapted method to adopt for an IT or IoT project. To overcome this challenge, we aim in this work
to construct a dataset that contains numerous project descriptions and the method which has been
chosen and which has proven its performance for its management.

We compare according to the state-of-the-art [9,10] the most agile method depending on several
criteria viz; project size, team size, iteration length, Roles and responsibilities, daily meetings, risk
mitigation, virtual team support, documentation, information sharing via document, Meeting face-to-
face, and model-based. As well as the most IoT management method viz; methodologist, organization,
approach (iterative or no), team size, roles and responsibilities, artifacts, meeting, rhythm, change
philosophy, top priority, hardware, and software. The agile/IoT methods selected through the study
that are based on the state of the art are as follows: DSDM (Dynamic System Development Method),
Kanban, FDD (Feature Driven Development), Scrum, Crystal Family, LSD (Lean Software Develop-
ment), XP (Extreme Programming), ASD (Adaptive Software Development), Ignite, IoT Methodology
and SAFe (Scaled Agile Framework).
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Based on the analysis of the obtained results, we identified the most important criteria that meet
the professional requirements and preferences allowing the selection of the appropriate method. Ta-
ble 2 and 3 show the valid criteria such as Large/small project (LP/SP), Roles and responsibilities
(R&R), Process/People-centric (Proc/PPL centric), High/Medium risk mitigation (High/Med RM),
daily meetings (Dly meet), iterative, Small team, Large team, and Hardware.

Table 2. Management method selection for IT projects.

LP | SP | R& R | Proc centric | PPL centric | High RM | Med RM | Dly meet
DSDM X X X X
Kanban X X X X X
FDD X X X X
Scrum X X X
Crystal Family | X X
LSD X X
XP X X X X
Scrum X X X X
DSDM X X X X
Kanban X X X X
LSD X X
Crystal Family X X X
ASD X X X

As shown in Table 2, the main criteria for choosing the FDD method for instance are project size
is large, definition of roles and responsibilities, process centric and based on Medium risk mitigation.
There are methods that are valid for both large and small projects at the same time, using different
criteria. In the case of the Scrum method, for example, in order to choose it for large projects, it is
necessary to validate two other criteria: Roles and responsibilities, and people-centric. if you want to
choose it for small projects, it is necessary to validate the same two criteria adding the Risk mitigation
criterion which is high.

As shown in Table 3, Ignite is Table 3. Management method selection for IoT projects.

.the. only method that Cal.l ChO(?se Tterative | Small | Large | R&R | Hardware

it if we do not want an iterative team | team

process contrary to others. So to Ignite

choose other method it is neces- Scrum X X X

sary to validate other criteria than Kanban X X

the first. The main criteria for Kanban X X

choosing the IoT methodology for IoT Methodology X X X X
SAFe X X X

instance it is necessary to validate
three criteria: large team, Roles and responsibilities, and hardware.

The results obtained offer an idea on selecting the appropriate method for a project that can be
extracted from the choice rules. In the next section, we develop a process flow with the aim of collecting
the companies’ experience of the choice of the method to manage a project.

3. Dataset construction approach

To construct our dataset based Table 4. Specification table of data.

on companies experiencing, Specification Details

we followed a set of steps as Subject area Project management method

explained in Figure 1. More specific Subject area | IT and IoT Project management method
The data construction is Type of data Table

based on a questionnaire spe- How data was acquired Field survey

cific to the software engineer- Data format Raw, filtered, and analyzed data

ing and IoT domain. This questionnaire contains a set of questions containing criteria extracted from
our state-of-the-art studies [9,10]. Table 4 presents the specifications of the constructed data.
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State of art Building a

. Methods Criteria h ;
for agile I » questionnaire
analysis and analysis and
management . ; based on the
extract criteria selection o
methods criteria selected

Post the
questionnaire
between

specialists

Collecte data
from the
questionnaire
results

Preprocessing
the collected
data

Data analysis

removing missing
values and invalid
data

Data Construction Approach

Fig. 1. The approach followed to construct dataset.

The people were asked about their experiences in project management, specifically, which method
they used to manage their projects and what were the basic criteria for making this choice.

We first conducted state-of-the-art studies for agile management methods for I'T and IoT projects.
This work allowed us to understand the I'T and IoT project management concepts and to know the
criteria of each method. Then, we analyzed these criteria one by one to select the most relevant criteria
for the choice of the method. Then, these criteria were used in the construction of a questionnaire
intended for specialists in the field. The purpose was to see the companies’ reality in the use of project
management methods as well as the validity of these theoretically extracted criteria and to discover
additional criteria if available. Finally, after gathering the data, we started by filtering the missing and
invalid data. Then, we realize an exploratory data analysis to explore and examine this data. Next,
we propose labeling scenario to prepare the dataset for the first prediction models.

Our current dataset contains the characteristics of more than 112 project members from different
countries. These characteristics contain member identity (country, company name, company position),
project data (project name, project description), and project criteria (project size, roles and responsi-
bility, process-centric, people-centric, high-risk mitigation, medium risk mitigation, daily meetings).

The interviewed experts belonged to different
activity sectors (i.e. Commerce/Trade/Distribution,
Computes  Neworks _ Building materials, Computers/Networks/Telecom-

munications, etc.) from different countries. The
majority of the respondents were from the Com-
programmer puters/Networks /Telecommunications sector (68%)
followed by Commerce/Trade/Distribution (5%).
Furthermore, in the case of the Computers/Net-
works /Telecommunications activity sector, the IT
department position that most often appear from the

Fig. 2. Quality manager’s activity sector. respondents are Service Manager (13%) and Com-
pany manager (12%). Figure 2 illustrates the activity sectors of the responding managers.

The most activity sector responding belongs to the Quality manager in this questionnaire is Com-
puters/Networks / Telecommunications by 4 countries out of 8 (50%).

The activity sector for a Quality manager

Commerce / Trade / Distribution

Dev

What s your activity sector?

Country

4. Dataset construction results

The data based on companies experiencing remains under construction. Until now, the data contains
in total of 101, 92 I'T Projects and 9 IoT Projects. Table 5 shows the number of respondents for each
country.

The country with the highest response rate to the survey to determine the criteria used for the
decision on the appropriate method to manage a project is Morocco (59) followed by India (22).
Figure 3 illustrates the percentage of response by country.
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Table 5. Number of respondents per country.

Percentage of responses by count
Country number of respondents ° P y Y

Morocco 59

1%
India 22 S \\\\\“
France \\ ue
Us §\ S
China S « France
Burkina Faso
France
Iran
Indonesia
Philippines
Uzbekistan
South Korea
Algeria
Canada
Chile
Saudi Arabia
TIRAQ
Congo
Japan
India
Mauritanie

Grand Total | 112 |

= Morocco

S

4%

=Iran

= Indonesia
= Philippines
= Uzbekistan

= South Korea

= Algeria

Fig. 3. Percentage of responses to the questionnaire
by country.

Number of completed projects by type
Internet of Things loT

0 20 40 60 80 100

Fig.4. The number of projects completed by type
and size of project.

= e e = = = NN RN W W W

After filtering data obtained, we find 95 projects 90 for IT projects and 5 for IoT projects. The
most of the projects achieved are of Information Technology type (as shows in Figure 4).

Table 6 presents the number of IoT and IT projects according to the project size.

Table 7 shows the use of centric criterion by managers according to project size. The most used is
process-centric.

Table 6. Number of IT or IoT projects according Table 7. Number of IT or IoT completed projects
to project size. by ‘Project size’ and ‘Centric’.
Project size Centric
Large | Small Grand Total People | Process Grand Total
Information Technology 63 27 90 Large 30 34 64
Internet of Things IoT 1 4 5 Small 15 16 31
| Grand Total | 64 | 31 | 95 | | Grand Total | 45 [ 50 | 95 |

Table 8 provides an example of the most appropriate method to apply to a project, based on two
criteria: project size and process-centric. In this case, the most used methods are Scrum and SAFe.

Table 8. Number of completed projects with Large size and process-centric.

Method used Count of Projects
Scrum 13
Scaled Agile Framework (SAFe) 12
Dynamic Systems Development Method 3
Lean software development 2
Extreme Programming 2
Kanban 1
Kind of mixture management tools/approaches between
Feature Driven Development, Agile, and some others related to security. 1

| Grand Total 34

Figure 5 clearly shows the result of Table 8.
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Percentage of Risk mitigation use where

For 'Project size: Large' and 'Process-Centric Roles&Responsibilities are undefined

§ Dynamic Systems Development Method
'§ Lean software development
E Extreme Programming : :\—'Ai::ium
Kanban
Kind of mixture management tools /...
0 2 4 6 8 10 12 14
Count of Project
Fig. 5. The appropriate method when the project Fig.6. The appropriate method when the
size is large and process-centric. project size is large and process-centric.
Table 9. Number of completed projects with Undifined Roles Table 9 provides another example of
& Responsibilitie and Medium Risk Mitigation. the most appropriate method to apply to
Method used Count of Projects a project, based on two criteria: Roles
Extreme Programming 4 & Responsabilities and Risk Mitigation.
Scrum . 3 In this case, the most used methods
Dynamic Systems Development Method 1 where Roles & Responsibilities is unde-
Lean software development 1 fined with Medium Risk Mitigation are
| Grand Total | 9

| Extreme Programming and Scrum.

When the roles and responsibilities criterion are undefined, the most projects are based on high
risk mitigation as shown in Figure 6.

In the case of IoT projects the most used method with People-centric criterion is IoT Methodology
as shown in Figure 7.

Figure 8 presents the used criteria to choose a management methodology when the risk mitigation is
medium. There are two most used cases. In the first case only the definition of roles & responsibilities
is used, while in the second case there is a definition of roles & responsibilities with daily meetings as
well as the project’s size.

For loT Project with People-Centric The criteria used for the choice of the method during

adopting medium Risk mitigation
T Hethodoloay _

Definition of roles and responsibilities _

38
i
°
kel § % Daily Meetings, Project size, Definition of _
$ 5 § roles and responsibilities
.g Dynamic Systems Development § é %’; Project size, Definition of roles and
E Method 5 % g responsibilities
o Sg5 Daily Meei
2 - g § aily Meetings
. cQE Daily Meetings, Definition of roles and
Extreme Programming § :c." responsibilities
";';,.% Daily Meetings, Project size
0 0,5 1 1,5 2 2,5 g S 0 ) B . o 0
. Ze
Number of Projects = Count of Projects
Fig. 7. The appropriate method for IoT Project fo- Fig. 8. Criteria used to choose a management

cusing on people-centric. method when adopting medium-risk mitigation.

Figure 9 shows the management methods used in IT and IoT projects. The most used method is
Scrum.

We share the most used methods as shown in Figure 9 (Scrum 55.79%, SAFe 14.74%, DSDM 9.47%,
etc.), the data contains variant methods applied in IT or IoT projects according to a set of criteria. The
main objective of the data construction is to develop a model based on business reality. This model
will help to choose an appropriate method to adopt for a project. The current data is unbalanced as
seen in Figure 9, from this perspective, in our first experiment, we used the statistics of the obtained
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results to reduce the number of classes to 4 classes. Figure 10 shows the methods used to manage the
project after reducing the number of classes to four.

Method used to manage a project

Dynamic Systems Development Method
Feature Driven Development Y! iC Sy: velop

Kind of mixture management tools /.. !
A mix of Scrum, Kanban and SAFe Scaled Agile Framework (SAFe)
Kanban

loT Methodology

Method used

Other
Lean software development

Extreme Programming
Dynamic Systems Development Method Scrum _
Scaled Agile Framework (SAFe)
Scrum 0 10 20 30 40 50 60
Count (Method used)

0 10 20 30 40 50 60

Fig.9. Project management method used on real Fig.10. The four classes of Project management
projects. methods used.

This dataset allows us to discover the most management methods used in reality for each project in
companies. The result is compared to the theoretical studies, which shows that the most used methods
are those of Figure 10, up from this conclusion, we decide in the next section to develop a predictive
model of the best management method according to a set of predefined criteria based on a Machine
Learning (ML) approach.

5. Association rules mining for project management selection

5.1. Association rules mining background

Machine learning (ML) is a branch of artificial intelligence that focuses on creating algorithms that
depend on a large collection of data in order to be effective. It is used to educate machines how to
better process data and used by many sectors to retrieve pertinent data [15-17]. Learning can be
supervised, semi-supervised, unsupervised, or by reinforcement.

In this section, we aim to apply one of the known unsupervised machine learning techniques which is
the association rules with the purpose of exploring the potential of the dataset created in the generation
of association rules. This later is typically thought of as a two-step process that begins with finding
all of the frequent item sets and ends with generating strong association rules from the frequent item
sets. These rules must, by definition, fulfill a minimal support and a minimal confidence. This later
is based on application of FP-Growth algorithm. In a set of element E = {ej,e9,...,e,} as well as
transactions T = {t1,ta,...,t,}. Every transaction T includes a subset of the elements in E. The
association rule is the implication A = B, where AC E, BC F and AN B =@ [18,19|.

Jiawei Han, Jian Pei, and Yiwen Yin propose FP-growth. Meanwhile, they are the distinguishing
traits of Frequent Pattern Growth Algorithm known by FP-growth. First, an extended prefix tree
structure known as a frequent pattern tree, or FP-tree for short, is utilized to compress the necessary
information in the database. Second, FP-growth, an FP-tree-based pattern fragmentation growth
mining approach, is created. Starting with a common length-1 pattern, FP-growth analyzes just its
conditional pattern base, builds its conditional FP-tree, and mines recursively on it [19].

5.2. Association rules mining process
Once the dataset has been created, the task of exploration begins. Using the Rapidminer software
tool, to create and execute the process of association rule creation for management method selection.
Figure 11 shows the process followed for the creation of association rules. Starting by applying a
transformation of the information of the dataset to the binominal type so as to apply the FP-Growth
algorithm which is used to represent the dataset in the form of an FP-tree. Closing with the creation
of the association rules.
Figure 12 shows the process followed for the creation of association rules in Rapidminer software.
The Nominal to Binominal operator is used for the transformation of dataset data in the first step
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using all in the attribute filter type and the
% binomial transform parameter. Next by using
the previous step results in the application of
Q_.{‘,D;:T“tH :fidfd H P Crowin Asféif’a‘ﬁon }»O the FP-Growth algorithm with support in min

bi fine by Oth algorithm rules . . . .
ey L2 requirement which is equal to 0.95. Finally,

Dataset exploration process

D the frequency calculation result of the algorithm
equenty co-occuning will be the input of the association rules creation
ftems operator which generates these rules according
Fig.11. The proccess followed to explore the created  to the confidence criterion with min confidence
dataset. is 0.8.
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Fig.12. The Process of generating association rules using the FP-Growth algorithm.
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5.3. Association rules mining results

This sub-section will present the results of applying the process of creating association rules for the
selection of the appropriate method to manage a project. Nominal to Binominal Model covering
7 attributes: Project Type, Project size, Roles & Responsibilities, Centric, Risk Mitigation, Daily
Meetings, and Method used.

[Project size = Large, Centric = People| —> [Method used = Scrum]| (confidence: 0.800, support 0.340)
[Project size = Large, Centric = People| —> [Project Type = Information Technology, Method used =
Scrum| (confidence: 0.800, support 0.255)

[Project Type = Information Technology, Method used = Scaled Agile Framework (SAFe)| —> [Project
size = Large, Risk Mitigation = High| (confidence: 0.923, support 0.211)

[Daily Meetings = D, Method used = Scrum| —> [Project Type = Information Technology| (confidence:
1.000, support 0.415).

6. Conclusion

Choosing a good method to manage a project is a major challenge because it affects the outcome of the
project. For this reason, we decided to propose a predictive model that allows this choice by following
a set of criteria specific to the project and the company based on the reality of the company. For this
purpose, we built our own dataset because of the lack of datasets concerning this problem. The data
is still being improved. To sum up, this paper presents the steps of construction of the dataset and
the analysis of the results in order to use it in the construction of a predictive model.
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o HoBUX gaHUX ANsi NPOrHO3yBaHHSI METOAIB YNpPaBJliHHS NpoeKTamMu

IT Ta IHTepHeTy peuei

Mepayk C.', Tauayn P.2, Mapzax A.', Caenp H.!

L Ta6opamopis indopmayitinux mexnoroziti ma modesosarns, Daxysomem nayx Benw M’ Cix,
Vnisepcumem Xacana I1 Kacabaanxu, Kacabaanka, Mapoxko
2 Jlabopamopis nayk i mexnoaoeziti ingopmayii ma oceimu, Paxyavmem nayx Ben M’ Cix,
Yuisepcumem Xacana II Kacabaanxu, Kacabranka, Mapoxko

Bubip naiikparioro MeToly KepyBaHHS IIPOEKTAMH HA POOOYOMY MICII JIOIIOMAra€e HaJ aTH
3aMOBHHUKY BUCOKOSIKICHUI MPOJYKT. 3BiJICH BUHUKAE HEOOXIIHICTBH J100pe 3HATH METO/M
KepyBaHHs, 1X XapaKTEePUCTUKHU, M€peBaru i HeJOJIKH, 100 MaTH MOXKJIMBICTHL BHOpATH
Hafikparre 7y KOHKpeTHOro mpoekty. OmHak moci He OyJI0 3alIpOIOHOBAHO YKOTHOTO Be-
JINKOTO HADOPY JAHWX Il MAIUHHOTO HABYAHHS Ta MOJEJI MPUIHATTS PillleHb, MOJe
91 CHCTEeMHU, sKa O JOIMOMOrJIa KEPIBHUKAM IIPOEKTIB 3HANTH HAMOLIbIT e(beKTUBHMIA Me-
TOJI, aJAIITOBAHU O 0OMeKeHb 1XHiX MpoekTiB. Ilg cTtaTTs po3pobdiisie mobyoBy HabOpy
JAHUX JJIs THYYKOrO MeTOo/ly KepyBaHHdA npoekTamu Ta loT Ha ocHOBI peajbHOTO JOCBidY.
Mera i€l crarTi nmosisitae B ToMy, 100 3alIpPOIOHYBATH KPUTEPIAIbHY MOJEJb, sIKa J103-
BOJIsi€ BUOpaTu HalKparuii MeTos, KepyBanHst st Takoro I T-mpoekry abo IoT-mpoekTy
BiATOBIAHO 10 HAOOPY KPUTEPIlB.

Kntouosi cnoBa: enyukuti memod; ingopmayitini mexnoaoeti (IT); inmepnem peued
(IoT); xepysanna npoekmamu; memod dunamiurozo possumky cucmemu (DSDM).
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