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ABSTRACT
LEAN AGILE DESIGN: A SOFTWARE DEVELOPMENT APPROACH

Amol Madankumar Kate
2025

Dissertation Chair: <Chair’s Name>
Co-Chair: <If applicable. Co-Chair’s Name>

This research analyses the current pitfalls observed in complex software product
development projects in industry from in-depth review of literature by using Systematic
Integrated Mapping Method (SIMM). We analyzed various development frameworks,
integrated models and real industry project data such as functional efforts, schedule
variance and root causes. Consequently, lists of dependent (Y, yi) and independent
variables (x1) were defines, a questionnaire was developed and survey was conducted to
capture voices of practitioners from software development projects. We analyzed the
resultant dataset using various statistical, ANOVA, Regression models and Advanced
Machine Learning models to develop Project Success equation, predictive models to
predict project success for variable inputs and generate a list of significant variables which
impacts project success. An advanced mathematical model was built to included effect of
non-linearity, variable interaction effects and Saturation. Based on these critical insights,

using Deep-Thinking and Progressive Model Development technique, we developed a



software product development project framework — Lean Agile Design (LAD), which is a
cohesive meta-model using principles from Design Thinking, System Thinking, Agile and
Lean Start-up. Overall, a research-to-practice continuum is created, which contributes to
the body of knowledge of product development, software engineering and project
management. The models built during the course of the research are scalable and applicable
to industrial and academic scenarios to enhance efficiency, predictability and on-time

launch of high-quality products.

Keywords: Design Thinking, Agile, Lean, System Thinking, Software Product

Development, Project Management, Machine Learning
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CHAPTER I
INTRODUCTION

1.1 Introduction

There has been a remarkable development in innovation and technology in the 21st
century. With the advent of Industry 5.0, there is a race to develop increasingly complex
products, which are sustainable, customer-centric and can make people’s lives better (Xu,
2021). Few of the prominent examples of these technologies are observed in the field of
software product development, Artificial Intelligence, cyber-physical product development
and tech-startups. With future industrial revolution, Industry 6.0, more complex
technologies such as quantum computing, nanotechnology and blockchain will be
leveraged to increase efficiency and effectiveness of the products built in preceding
industrial revolution phase (Chourasia et. al., 2022).

In the modern business world, innovation is not just a luxury but a necessity for
existence in the market. Further, the addition of ultra-complex product development
practices such as software product development adds complexity to the business processes.
To ensure the on-time high-quality software product launch which satisfies human needs,
a singular product development approach will not sail the boat of the program, but a multi-
faceted approach is the need of the hour.

To navigate the complexity of the product development process, multi-process
approach has been used in which, more than one method is used throughout the product
development lifecycle. The integration between various philosophies such as Design
Thinking (DT), Agile Methodologies (AM), and Lean Principles has fascinated various
researchers, both industry practitioners and scholars. Individually each of the philosophies
is functioning as used in industry now a days, however together these three approaches

form a powerful triad which enhances the efficiency of software product development



process. The combined approach also fuels innovation and redefines the way of
organizational transformation and long-term success.
The report is organized into six sections such as Introduction, Literature review,

Methodology, Results, Discussion, and Summary, implication & recommendation.

1.2 Research Problem
It is very complex to build an original product consisting multiple technologies
from ideation, and launch it predictably. How might we build a better and flawless process
to tackle this problem? The proposition is that, combining different philosophies by
leveraging best features from each of them and integrate them seamlessly will help to
manage complex programs in a better manner.
The main research theme is: How can different philosophies/ methodologies be
integrated to build a better product development process?
This takes us to the formation of Research Questions (RQ) as follows:
e RQI: What contemporary Design thinking, Lean thinking and Agile
methodologies are practiced in software development Industries?
e RQ2: What are currently available ‘integrated models’ developed by
researchers?
e RQ3: What are pitfalls and corresponding governing variables in current
ultra-complex product development programs?
e RQ4: What is the relationship between various independent variables and
program success?
e RQS5: How various philosophies can be integrated to build up a model to

eliminate the common pitfalls?



e RQO6: How can the conceptual integrated model be deployed in innovation
ecosystem?

The RQ1 is a research component which shows what methodologies on DT, agile
and lean are practically followed by academicians and industry professionals. RQ2 is about
conducting a detailed & systematic literature review and analyzing various integrated
models developed by various authors. RQ3 is about finding the insights on challenges in
currently used product development methods (individual or integrated models) and
defining factors which impacts the project success. In RQ4, we will try to analyze and
quantify the impact of the variables on the project success. RQS5 is about building a model
using various approaches such as design thinking, agile methodologies, and lean principles
to arrest common issues in product development. The RQ6 is about the analysis and

recommendations on model application in industry.

1.3 Purpose of Research

The ultimate purpose of this research work is to develop an integrated model
deploying best practices from various philosophies such as Design thinking, Agile
methodologies, Lean principles etc. for managing complex programs such as software
product development.

In light of this bigger objective, we have defined few sub objectives such as:

» Study the currently used methods/ models in design thinking, lean and agile by
industry practitioners and academicians. We will develop a novel review literature review
method for conducting this research.

» Explore various integrated models developed by researchers for software project

management and derive various themes of model development.



» Conduct detailed literature review, survey and project data analysis to come up
with a list of pitfalls which will drive the development of model.

» Identify various factors responsible for project success, establish relationship
between these factors and project delivery parameters, and build up predictive models to
assess project success for given input project parameters.

P Generate ideas on integrating different philosophies to develop a model which
can overcome the pitfalls in managing ultra-complex programs.

» Find out ways to deploy the model in innovation ecosystem and provide

recommendations on how the model can be used in in software programs.

1.4 Significance of the Study

New products are the outcomes of projects! There has been a tremendous shift in
human mindset from classical waterfall approaches, which were once considered gold
standard in project management, to contemporary Agile deployment. Agile methodologies
are revolutionized (Rigby, 2016) from PDCA to agile manifesto & scrum to Scaled agile
framework (SAFe) & DevOps to make them leaner, faster, and predictable. Even after the
great revolution in agile and waterfall methodologies, numerous pitfalls are observed while
using these methodologies for ultra-complex system development.

The current program methodologies work well for simple programs, however may
not for ultra-complex projects considering the fragmented nature of current methodologies.

Few representative ultra-complex programs are mentioned in figure 1.1 below.
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Figure 1.1 Representative Examples of Ultra-complex Programs

Based on the study of models developed by various authors, it is observed that,
there is insufficient work done to improve existing models and to create integrated models
for software product development programs. So, as a part of the research we intend to build
a conceptual model integrating various principles from Design thinking, Agile
methodologies, Lean thinking etc.

This research will help in better understanding of the various philosophies
associated with agile project management for product delivery, design thinking for better
understanding of customer requirements and lean principles for higher productivity in
development process. The findings from this research will definitely add value to the
knowledge base of software project engineering and management. The results of this
research will help the industry practitioners and academicians in their day-to-day project
work as they understand the most important aspects of the projects, use the novel
framework and can predict the performance of the project to have on-target product

delivery.



CHAPTER II:
REVIEW OF LITERATURE

2.1 Methodology of Literature review

The objective of this literature review is to study the existing research work
conducted on integrated models using principles from various methodologies such as
Design Thinking (DT), Agile Methodologies (AM) and Lean Start-up (LS). Various
models are critically analyzed and categorized into different themes. A dichotomy has been
established between models to present their strengths and potential improvement areas.

A literature review framework — “Systematic Integrated Mapping Method” — is
developed (figure 2.1) which is largely a combination of Systematic Mapping Studies
(Petersen et. al., 2008; Parizi et. al., 2022), Integrative Literature Review (Torraco, 2005;
Snyder, 2019) and benchmarking of other literature studies.

Snyder (2019) proposed three methodologies for conducting literature review such
as Systematic, Semi-systematic and Integrative based on the purposes such as critique or
synthesize, width of research question and search strategy. Integrating literature review
method helps in researching and integrating various philosophies to build a novel model
(Torraco, 2005).

Petersen et. al. (2008) has recommended a very effective approach to conduct
Systematic Mapping Studies (SMS) inspired from the Object-Oriented Mapping Studies
(Bailey, 2007). Da Silva et. al. (2011) and Brhal et. al. (2015) have used SMS method for
conducting literature review for user-centered agile software development.

Parizi et. al. (2022) and Pereira et. al. (2018) have effectively implemented the SMS

method for systematic literature review of DT application in agile development.
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Figure 2.1 Literature Review Methodology — Systematic Integrated Mapping Method



We have leveraged these methods to build our literature review method -
“Systematic Integrated Mapping method” - for the purpose of this research work (figure
2.1). The step-by-step literature review is conducted using Systematic Integrated Mapping

Method (SIMM) model in the upcoming sections.

2.2 Research Search String

Based on the various keywords and their types, search string elements are

developed as shown in Table 2.1 below:

Table 2.1 Keywords and associated Search String Elements

Type Keywords Search String Element
Design Thinking "design think*"
Design :
o User Centered Design X
Thinking
Human Centered Design X
Software Development "software development"
Software Engineering "software engineering"
Software Process "software process"
Software Software Project "software project"
Software Project Management "software project management"
Software Program "software program"
Software Program Management "software program management"
. Agile Methodology X
Agile :
Agile Development X
Lean X
Lean Principles X
Lean

Lean Management X
Lean Startup X



We have excluded the Human centered design and user centered design, as they are
included in the design thinking search string. Also, all the search string elements with
respect to Agile and Lean are also excluded as they will narrow down the search result
eliminating useful papers associated with DT application in software development.

All search string elements are connected using Boolean operators such as “AND”

33 1)

and “OR”, using truncation symbols such as wildcard character . Accordingly, the

keyword the search string is defined as follows:

("design think*") AND (("software development") OR ("software engineering”) OR ("software
process”) OR ("software project") OR ("software project management”) OR ("software
program”) OR ("software program management"))

Figure 2.2 Research Search String

2.3 Screening Criteria

Various screening criteria are defined as shown in Table 2.2 below.

Table 2.2 Inclusion and Exclusion criteria

Screening Code  Screening Criteria
All papers (Research & Conference) on application DT in software
Inclusion I1 '
development as per research search string.

El Duplicate papers and books

E2 Papers which are not in English language
Exclusion
E3 Papers which are not peer reviewed
E4 Papers which do not meet the research search string criteria



2.4 The Search Result
The automatic search in various digital libraries has resulted in a list of numerous
papers. The search is conducted for the period from year 2000 to 2023. Table 2.3 depicts
the number of papers as a search result in each database. The various digital libraries used
for sourcing the paper are based on the context of the research. The libraries such as Scopus,
IEEE, Springer, Wiley, Science Direct are suitable for research work in design thinking,

Software product development, agile project management, system thinking and Lean start-

up.

Table 2.3 The search result from digital library

Number of
# Digital library
search results

1 Scopus 252
2 IEEE Xplore 88
3 Springer Link 1269
4 Wiley 176
5 Science Direct 485
6 Manual Search 23
Total 2293

2.5 Literature Funneling — Screening 1 based on Exclusion criteria
All the papers are screened based on the inclusion and exclusion criteria. Out of
2293 papers, total 124 papers (5.4%) were eliminated based on the exclusion criteria such
as duplicate papers (E1, non-English language (E2), & non-peer reviewed (E3) papers.

Table 2.4 shows the summary of the first screening of papers.
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Table 2.4 Paper Screening based on Inclusion and Exclusion criteria

AN DN AW =

Digital library Number of Exclusion
search results (E1+E2+E3)

Scopus 252 14

IEEE Xplore 88 39
Springer Link 1269 62
Wiley 176

Science Direct 485

Manual Search 23

Total 2293 124

title

Result After
Screening 1

238
49
1207
169
483
23
2169

2.6 Preliminary Analysis of Papers — Screening 2 based on abstract, key words &

The papers are analyzed and filtered based on the abstract, keywords and titles.

86.7% of papers were filtered during the second screening resulting in 182 papers for full

reading as shown in table 2.5.

Table 2.5 Paper Screening based on abstract, keywords and title

#

SN | AW

Result After Excluded in
Digital library

Screening 1 Screening 2
Scopus 238 146
IEEE Xplore 49 33
Springer Link 1207 1170
Wiley 169 162
Science Direct 483 476
Manual Search 23 0
Total 2169 1987

11

Result After
Screening 2
92
16
37
7
7
23
182



SN O B W

2.7 Detailed Analysis and Classification — Screening 3 based on full reading of

papers

A total of 182 papers, after the second screening, were fully read and studied. Based

on the study, 108 papers, i.e., 4.7% were excluded in third screening as shown in table 2.6,

which resulted in the final list of 74 papers for inclusion in literature review.

Table 2.6 Paper Screening based on full paper reading

Digital library

Scopus

IEEE Xplore
Springer Link
Wiley

Science Direct
Manual Search

Total

Number of Result Result Excluded
search After After in
results Screening 1 | Screening 2 | Screening 3

252 238 92 64
88 49 16 14
1269 1207 37 19
176 169 7 6
485 483 7 5
23 23 23 0
2293 2169 182 108

Final
Paper for
Research

28
2
18
1
2
23
74

The 74 papers were reread and studied in depth, then analyzed and classified

according to type such as Integrated models, Philosophical, and Systematic literature

review. The classification of the final list of papers is shown in table 2.7 and figure 2.3.

Integrated models, which are highly useful for the research work to critically analyze and

study are 44 nos. The Philosophical papers do not explicitly share a model, but talks about

generic methodologies and framework, which can add inputs to our research. Finally, the

6 Systematic Literature Review papers are useful for understanding approach taken by

12



various authors to conduct systematic review of literature for this topic and also helps to

understand the kind of research already done in summarized form.

Table 2.7 Paper analysis and classification

Systematic
Integrated
#  Digital library Philosophical Literature Total
Models
Review
1 Scopus 18 7 3 28
2 IEEE Xplore - 2 - 2
3 Springer Link 8 7 3 18
4 Wiley - 1 - 1
5 Science Direct 2 - - 2
6 Manual Search 16 7 - 23
Total 44 24 6 74
- oystematic
Literature
Review
4
Philesophical
24

Figure 2.3 Type of Research paper (Total: 74 papers)
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2.8 Summary of Literature review funneling
Figure 2.4 below shows the summary of paper filtering at each stage of SIMM. 74
papers i.e., 3.2% of the total search of 2293 papers were found useful for literature review

and further research and analysis work.

Z50
2295 bt
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- -7 1#87
200
1501
14000
Lon
E.L 7§ 108
] A Ti
: —
M ol faarch Exuliichedd in Exchuched in Exslivcdad in Exelidesd in Firsl Papars oe
rasulss Sereening T{ET) Sorgarann 14EZ) Leraning 2 Loraaning 3 Literature Bavieaw

Figure 2.4 Progressing literature funneling with SIMM

During literature research, various Design Thinking methods are observed. Table

2.8 indicates various design thinking models along with their phases
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Table 2.8 Design Thinking Method from literature research

# DTModel Numberof o) e
Phases
1 |DCIDT Divergent - Convergent
2 |Brown Inspiration - I[deation - Implementation
3 |Souza & Silva Model Immersion - Ideation - Prototyping
4 |Double Diamond Discover - Define - Develop - Deliver
. Abduction (Generate Ideas) - Deduction (Predict
5> |Dunn & Martin Consequences) - Test - Induction (Generalize)
6 |Glomann Model Research- Ideation - Prototyping - Evaluation
7 |IBMDT Understand - Explore - Prototype - Evaluate
8 |1SO 9241-210:2019 Understand con.text - Specify uself requirements -
Produce a solution - Evaluate design
9 |Luchs Discover - Define - Create - Evaluate
10 [D.School Empathize - Define - Ideate - Prototype - Test
11 Mainel & Leifer Define/ Redefine - Need finding & Synthesis - Ideate -
Prototype - Test
mDT (multidisciplinary Use model - System model- Interaction model - Model
12 . S o
Design Thinking) consolidation - System development
13 |Google Design Sprint Un(.JIerstand - Define - Sketch - Decide - Prototype -
Validate
Grossman-Kahn and Define the challenge - Observe people - Form Insights -
14 . I . . :
Rosensweig Model Frame Opportunities - Brainstorm ideas - Try experiments
15 |Hasso-Plattner Institute (HPI) Understand - Observe - Define Point of view - Ideate -
Prototype - Test
16 IDEO Human-Centered Observation - Ideation - Rapid prototyping - User
Design (HCD) feedback - Iteration - Implementation
17 |Sandino & Matey Deﬁ.ne - Explore - Ideate - Prototype - Select - Implement -
Review
18  |Hiremath & Sathiyam Model Scoping - 360 degree Research - Synthesis - Ideation -

Prototyping - Validation - Implementation
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It is observed that D.School design thinking is the most used method followed by
ISO 9241-210:2019 and Hasso-Plattner Institute (HPI) methods (figure 2.5).

0.5chosl I | 2
M OF SPECITIE SIS O—c |
150 9241-210:20717 I |
Hassg-Flattner Institute (HPI] I
Various I &
IDED Human-Cemtered Degign (HCD) S 5
Double Digmoend I 5
BM DT S 3
Grossman-Kahn & Rosenswelg I 2
Sauza and Slhva
Sandinoe
mbT
Mainel & Leifer
Luchs
Hiremath & Sathiyam
Glomann Model
Crumin & Martin
DCIDT

Broawn

NEERRRRRR R
-

' & & (- 10 12
Mumber of Fapers

Figure 2.5 Distribution Design Thinking Methods

Scrum is found to be the most popular method amongst researchers for model

integration followed by Extreme programming (XP) (figure 2.6).
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Figure 2.6 Distribution Agile Methods

Although majority of the researchers have limited the model integration to two

methods, the Lean start-up methodology dominates the three method models (Fig. 2.7)
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Figure 2.7 Tertiary Method usage in models
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Most of the models use upfront design thinking methodology to collect and clarify
user need at the start of the product development process. Once the user needs are clarified,
the development team starts developing the product using agile methodologies (Figure 2.8).

18 models used the DT method throughout the development lifecycle. Only 1 model
has used the DT model in the last phases of development cycle during testing and

deployment.
atthe Start | 2

Not Specified I 21
Throughout [ 15

Varlows [N 2
attheEnd i 1
0 5 14 15 20 25 20

Buipnbes af A

Figure 2.8 Method of model integration
The majority of the models, 57%, are conceptual in nature. 30% Models are verified

with a practical application as shown in figure 2.9 below.

Conceptuzl | -
Pracical Appiicotion | 22
Irterviews with industry sxperts [ 7

Caea study validation [ 3

G 5 10 15 20 25 a0 35 Al
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Figure 2.9 Model validation method
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The literature research indicates various applications of the newly developed

models as shown in table 2.9.

Table 2.9 Various model applications

Model Application Frequency
AutoDesk Autocad Feature
Automation

Connected Health - e-Pharmacy

Cyber-physical systems

Data Analytics

Digital Innovation

Digitization in specific industry

Educational Game App

Educational Web App

ERP

Game development

General prodcut and processs design & development

Information Technology

Interactive real-time applications

Interactive software development

Internet Portal (e-commerce, mobile apps & SAAS tools)
Intuit's Quickbooks product line

Mobile App

Mobile game development in start-up

Mobile Multimedia Streaming App

Not Specified

Requirement Engineering

Safety Critical system

Sales portal and other applications
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Service Design

N
o~

Software development

N
~

Software Requirement Engineering

N
00}

Software systems for people with complex disabilities
Web App

N
O

Finally, the literature research indicates various combinations of the DT and Agile

models as shown in figure 2.10.
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It is observed that the HPI with Scrum is the most used combination model followed

by ISO & Scrum, and D.School & Scrum.

Hasso-Plastnar Institute [HPI] + Socoum
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Figure 2.10 Model combination spread
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2.9 Integrated model’s overview — SLR Studies outcome

The literature review shows that prior studies are primarily focused on building
models as a combination of Design thinking (DT), Agile and in few cases Lean start-up
also.

Parizi et. al. (2022) conducted systematic mapping study to analyze the application
of DT in software development. They provided criteria for DT model selection and
observed that Upfront DT model used at the start of the development process for
requirement engineering is the most used integration approach.

Pereira and Russo (2018) systematically studied various models combining Design
thinking and Agile methodologies and presented the various combinations of both the
approaches along with their application. They also analyze the type of integration adopted
between the DT and agile such as sequential or throughout the software development
lifecycle (SDLC).

Zorzetti et. al. (2021) conducted a systematic literature review on usage of User
Centered Design and Lean Start-up in Agile software development. They used an approach
similar to Systematic Mapping Study (Petersen et. al., 2008; Pereira et. al., 2018). They
observed that there are very few models in which all three approaches are used. Those few
models are created based on author's own methodology and a disconnect with industry is
observed.

Almeyda et. al. (2021) have conducted a systematic review of literature available
on application of integration of agile and user experience in requirement engineering. They
observed the three best practices in requirement engineering such as Person/ user focus,
low-fidelity prototype, and User stories.

Argumanis et. al. (2020) have conducted a systematic literature review to

understand the challenges while deploying the combined Scrum and User Centered Design
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framework. They observed that, most of the challenges are associated with less focus on
user experience and usability principles, inadequate resources assigned in Scum team to
activities at the start of the program, and gap between the real user needs and client's pitch
to the developers.

Martins et. al. (2019) conducted systematic Literature Review using Data
triangulation method (Trivisios, 1987) for challenges in software requirement elicitation

and how design thinking can be used to resolve those.

2.10 Model integration theory

There are three types of DT & Agile model integration observed such as:

1. Backward Integration: DT applied at the end during testing and deployment for
capturing customer feedback as a part of Usability Engineering approach.

2. Forward Integration Approach: DT applied at the start during requirement
engineering for better understanding of customer needs as a part of Requirement
Engineering Approach.

3. Continuous integration approach: DT applied throughout the development cycle

iteratively during all development phases.

Hehn et. al. (2019) suggested three approaches of DT integration in software
development Requirement Engineering (RE) such as: Upfront, Infused and Continuous.
Upfront DT is used before the RE to define product solution vision. The Infused DT is used
within RE to create innovative ideas or clarify fuzzy conditions. And the Continuous DT
is a combination of upfront and infused approach and used as a guide throughout the RE
process. They suggested a combined model of Design thinking and Requirement

engineering using a case study validation technique.
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Lindberg et. al. (2011) observed that the upfront approach to use DT in IT projects
is easy to deploy, however, there is a risk disruption in information flow from DT phase to
subsequent agile development phase. On the other hand, continuous integration has
advantages such as enhanced flow of knowledge in teams, leveraging diversity, and better
understanding amongst team about the next developmental steps.

Gabriel et. al. (2021) created a hybrid model combining various agile methods and
classical product development methods for intelligent system development. The hybrid
product development model is an Agile Toolbox with fifty agile methods. The model can
be tailored to a company specific program by analyzing the initial situation and matching
& integrating the agile practices.

Parizi et. Al. (2020) recommended a tool for usage of DT technique in Requirement
engineering in software development. They used a three-step model for DT tool
recommendation such as "Meta design thinking session" (Problem definition and solution
development), "Requirement elicitation" (User personas, journey maps, blueprint & low-
fidelity prototypes) and "Early evaluation" (Interviews with experts)

Pereira et. al. (2021) conducted a study using focus groups and surveys to
understand the impact of DT adoption in software development. It is observed that the DT
results in better understanding of requirements, reduces uncertainty, increased
collaboration and with understanding of business needs, the requirement log itself
improves.

The above mentioned three approaches of model integration theory are explained

in the subsequent sections 2.11, 2.12 and 2.13.
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2.11 Backward Integration Models: Usability Engineering Approach

This theory explains the integration of DT at the end of the agile development
lifecycle to seek feedback from customer or end user and subsequently improve the
product.

Sohaib and Khan (2011) used DT at the end of the development process during
Usability Engineering phase. Their research include application of grounded theory
(Strauss & Corbin, 1997; Oktay, 2012) to actual software program team, which resulted in
integration of Extreme Programming (XP) and Discount Usability (Nielsen, 1994; Butler,
1996) practices. Usability Engineering focuses on the use of systems by the customer
combining aspects of human and machine interaction (Mayhew, 1999).

In product development lifecycle, they used various of aspect Discount usability
(Nielsen, 1995) such as "Scenario usage with user stories", "Card sorting in release
planning”, "Heuristic evaluation in UAT (User Acceptance Testing)", and "Thinking a loud
during production phase". The biggest advantage of this approach is that the developer gets

a clear perspective from end user involvement.

2.12 Forward Integration Model: Requirement & Design Engineering Approach
The Forward Integration Model Theory proposes integration of DT tools and
practices at the start of the development lifecycle during requirement and design
engineering phases.
Wolbling et. al. (2012) recommended to use design thinking for user-centered
software development emphasizing four key elements such as iterative nature, multi-
functional team, creative space, and mindset of a designer. They also discussed limitations

of DT application such as teams’ reluctance and organizational resistance to change.
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Grossman-Kahn (2012) developed a descriptive model in Nordstrom Innovation
Lab involving DT, Lean and agile which is scalable and can embrace a newly emerging
methodology. In this, the continuous delivery, Build-inspect-retrospect loop, and validated
delivery framework are delivered by lean and agile. Whereas the roadmap to develop user-
centered innovative solutions is provided by DT.

De Paula (2016) applied an improved version of Nordstrom model (Grossman-
Kahn and Rosensweig, 2012) to an IT application (game) development program and found
that, during prototyping phase, the SQA team should use the UI/ UX design closest to the
definitive version. They also suggested that the DT approach should be used throughout
the Scrum phase rather than at the start of the project.

Dobrigkeit and De Paula (2017) compared the "DT@Scrum" (Hager et. al., 2015)
and Nordstrom model (Grossman-Kahn and Rosensweig, 2012) using BPMN (Business
Process Modelling & Notation) method. Based on the best practices from both the models,
a new methodology InnoDev is suggested, which is more versatile to apply to large
organizations, SMEs, and small start-ups.

Dobrigkeit (2019a, 2020a) developed a model “InnoDev”, which is an agile
software development method combining DT, Lean startup, and Scrum. In this, Design
thinking helps in understanding user needs and derive product solution options, and Lean
startup helps in business sense and scaling strategies. InnoDev has three phases such as DT
phase, Initial development phase and Final development phase depending on magnitude of
ratio between usage of the three philosophies. They also developed a toolbox - "DT@IT
Toolbox" (Dobrigkeit, 2020b) which can be used by software development teams in daily
agile development work. It helps a novice team to enhance empathy, improve problem

solving skills and better understanding of user needs.
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Hildenbrand and Meyer (2012) used the design science approach to integrate Lean
and design thinking for Enterprise Resource Planning Software development. Their model
has three phases such as 360° Research, Synthesize (vision, story map and backlog), and
development with Scrum. The transition from empathy to insights can be done by User
Story map. Two key take-aways from their research are ‘Stop to Think’ and ‘Expect waste
in innovation.’

Adikari et. al. (2013) reframed Design thinking for Agile user experience design
projects. The design thinking methodology was applied throughout the development
process as a reframed context. It considers real industry holistic view to create reframed
context which can be concurrently used for two frameworks such as user experience design
and agile software development. At the end, the product is the combined result of both the
frameworks.

Carroll and Richardson (2016) developed a process model for connected health
sector for developing e-pharmacy system. The model has 3 stages: Problem in healthcare
innovation (Design thinking), Needs for defining solution (Requirement development) and
Solution integration and verification (Technical system development). The model
integrates D.School design thinking model with a project management methodology -
Waterfall or Agile. Considering human safety aspect in healthcare sector, design thinking
helps in effective requirement engineering.

Higuchi et. al. (2017) have applied the combines model for highly unstructured
game development project. It integrated the Scrum methodology with Brown's DT model
“Inspiration — Ideation — Implementation” cycle via an overlapping connecting phase of
product vision and product backlog. They observed the dual benefit of the model as DT
can help in product differentiation and Requirement engineering at the initial phases

(Concept and pre-production) when creativity is highly needed, and on the other hand Agile
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can help to enhance development efficiency during later phases such as production,
deployment & post launch.

Darrin and Devereux (2017) have mapped the DT, Principles of Agile Manifesto
and System Engineering steps, for engaging the users in whole product/ process
development method which will help in reducing risk and increasing agility during the
program execution.

Lucena et. Al. (2017) at IBM research lab developed a DT model which can be
applied throughout the agile development process. The upfront approach of D.School DT
model such as Understand (Empathy & Design), Explore (Ideate), Prototype and Evaluate
(Test) was applied to understand user’s requirements. Then 3 stage approach, Hills -
Sponsor users - Playback, was iteratively applied throughout the scrum process. Hills
express needs, Sponsor user is a real human to provide point view than theoretical personas,
and Playbacks are checkpoints for feedback on business goals and hills.

Prasad et. al. (2018) applied DT to agile development practices by usage of
principles such as "human-centered approach, visualizing, thinking-by-doing, diverging &
converging synthesis and collaborative work". They interviewed industry experts, and the
survey data was analyzed using Grounded theory (Oktay, 2012; Walker & Myrick, 2006)
and found the key factors affecting customer satisfaction. Based on the factors the
framework was suggested. They observed that early feedback from customers enhances
the product quality and customer satisfaction with the product.

Przybilla et. al. (2018) developed a combined model using Scrum and DT for
digitization program. They focused on the Human Centered Design (HCD) aspects such as
knowledge management, Human/ user aspects, and challenging assumptions. The process
was sequential and the key handover from DT to Scrums was done using three items: Core

idea, User insights and process support/ modular development method.
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Luedeke et. al. (2018) developed and tested a product and process development
model based on Weber's theory of CPM/ PDD (Characteristics Properties Modeling /
Property Driven Development) (Weber, 2005). The product characteristics are transferred
from creative stages to technical agile product development stages using CPM plotting
method and considering the stakeholders and product owners. Due to usage of fundamental
product maturity transformation based on time of development in CPM, this model can be
applied to various products such as physical systems and software engineering systems.

Hehn and Uebernickel (2018) suggested a 3-step process for use of DT in product
development. The phases are Exploration, Alpha prototype, and Friendly user test &
Market launch. They observed that the process provides a structured approach to
requirement elicitation for a wicked problem. The method also improves team
collaboration and usability by supporting the concurrent and upfront Requirement
Engineering practices.

Sohaib et. al. (2019) have developed a software engineering project framework,
"DT@XP", by integrating the design thinking method upfront with Extreme programming
method. The framework constitutes four phases such as Exploration, Planning, Iteration to
Release and Productionizing. The first phase includes design thinking steps and the rest of
the three phases are related to agile development. Both the methodologies are integrated
between DT user stories and Usability evaluation.

Brad et. al. (2019) have implemented TRIZ methodology for resolving barriers,
conflicts and gaps while integrating the DT, Scrum and Competitive Engineering for
software development. They developed a tool - Competitive agile-lean-design thinking
(CALDET) for software development services. This tool removes the gaps in the

integration of various methodologies and reduces fuzziness in the framework.
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Blosch (2019) along with a team of technology innovation leaders and enterprise
architects at Gartner, developed a model combining design thinking, Lean start-up and
Agile for enhancing digital innovations. The shortcoming of this model is that it is
sequential and has a tendency of waterfalling the product development process.

Ahmed et. al. (2019) created LDTM (Lean Design Thinking Methodology) for
modern programs associated with Data mining and analytics application. They integrated
the Design thinking for requirement engineering, Lean start-up principles for evolving
model solution, and CRISP-DM (Chapman, 1999; Schréer, 2021) for developing algorithm
of the model. They observed that, as the data evolves during the development cycle, the
process becomes iterative and there is generally not just one way to be used in each phase,
rather based on the development status, different approaches can be used in each phase.

Alhazmi and Huang (2020) integrated D.School design thinking model with Scrum
agile framework for effective requirement engineering. The framework helps in
requirement engineering at various levels such as requirement elicitation, analysis,
documentation, validation, and management. The paper presents a detailed analysis of
challenges faced in requirement engineering and how the new framework supports dealing
with challenges. The model helps in enhancing the team’s creativity and productivity,
requirement definition clarity and product quality. Signoretti et. al. (2020) have tested
Alhazmi’s integrated model with two agile teams, and they observed that the new
methodology implementation success is based on project team’s level of engagement and
mindset.

Magare et. al. (2021) developed an integrated architectural framework called
"Intelli-A" which maps design thinking process with agile framework. The framework is
multilayer with the inner 2 meta-layers associated with design thinking and three canvases

such as Mind mapping, empathy map and AEIOU (Activities, Environments, Interactions,
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Objects, and Users) (Hanington & Martin, 2019). The middle two layers are of agile
methodology across product development canvas and ideation canvas. In this, the product
prototype is built, tested and user feedback is received. The outermost layer indicates all
the element's categorization into various stages of SDLC (Software Development
Lifecycle).

Marion et. al. (2021) suggested a conceptual upfront type of integrated model of
DT and lean start-up. They created a model in the form of double diamonds dividing into
problem space and solution space. The Problem space includes design thinking steps with
focus on problem articulation and selection. The solution space includes Lean start-up steps
with focus on concept generation and agile methods with tasks such as concept selection,
development test etc. The model is an effective way to integrate processes such as customer
need identification, ideation, and development with user in focus.

Moralles (2020) developed a model combining the various principles and practices
from Agile, User Centered Design (UCD) and Lean Start-up. Zorzetti et. al. (2020, 2022)
also presented a similarly combined model for agile software development using
methodologies such as XP, Double Diamond Design thinking method and Lean start-up
philosophy backed by User Centered Design (UCD) approach. There are three phases:
Discovery, Framing and Iteration. In each phase, lean BML (Build - Measure - Learn) cycle
is used. In Discovery phase, the team get a deeper understanding of the user requirements
mainly through interview and early feedback. In the Framing phase, different solution
options are explored, the solution is chosen, and MVP (Minimum Viable Product) is built.
In the Iteration phase, agile development work using XP is done. Signoretti et. al. (2020)
have tested this model with two agile teams, and they observed that the new methodology
implementation is based on two critical factors such as team engagement and problem

solution-oriented mindset.
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2.13 Continuous Integration Model: Full Development Cycle Approach

The Continuous Integration approach consists of usage of Design Thinking
throughout the agile development cycle.

Glomann (2018) developed a continuous integration model — HCAW Model
(Human-Centered Agile Workflow). The DT phases are fully integrated throughout the
development lifecycle at all the stages. Each cycle 'n' consist of multiple sub-phases such
as “Cycle Conception”, “Sprint 1 and 2 Conception” and “Sprint 'n' Development”. In the
Cycle 'n' phase, all the DT phases such as Research, Ideation, Prototyping and Evaluation
are carried out. Then the Cycle Plan is transferred to Sprint conception, where conception
phases such as Ideation, Prototyping and Evaluation are carried out resulting Specifications
(Story Grooming). And at the end of the sprint, the Implementation phases such as
Business, Development and Quality Assurance are carried out. The major benefit of this
process is customer-centered RE resulting in high quality business value.

Ximenes (2015) developed a model, Converge, by combining Agile, DT and lean
start-up along with the empirical observation from a software development lab. They have
also integrated best practices from Extreme Programming (XP) such as Collective code
ownership and pair programming file executing feature-by-feature implementation.

Gurusamy et. al. (2016) proposed a framework to support the ongoing digital
transformation by combining DT with agile methodologies in a continuous manner. They
recommended a 3-phase process — Requirement, Design and Evaluation throughout the
agile cycle. The Requirement phase include understand, observe, Point of View (POV) and
ideate. The Design and Evaluation phases considers prototyping and testing, respectively.
The authors recommended focusing on team coordination at various levels in future.

Nedeltcheva and Shoikova (2017) have applied the IBM Design Thinking process

to AutoDesk use case of a feature development in AutoCAD. With the application of IBM
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DT, they observed better ROI, Collaboration, elimination of duplication and product
improvement.

Lukasik et. al. (2018) at IBM institute, suggested an integrated model by deploying
"Hybrid Sprint", which includes design thinking task at the start of each sprint. Continuous
integration results in enhanced product quality, better alignment with stakeholders and on-
time customer feedback.

In this way, it is observed that majority of the research work is conducted on

Forward integration type models followed by continuous integration models.

2.14 Literature Review Summary

During this research work, a novel framework was developed for conducting
literature review - “Systematic Integrated Mapping Method” (SIMM). The method is a
combination of Systematic Mapping Studies of literature, Benchmarking, and Integration
of the analyzed data. A search string is defined, and a search is conducted in digital libraries
resulting in 2293 research papers. The literature search period is for 23+ years from year
2000.

The first level screening includes various exclusion criteria such non-peer
reviewed, non-English, and duplicate papers. The second and third screening criteria are
reading title, abstract & keyword and reading full paper, respectively. Based on three level
screening, finally 3.2% papers i.e., 74 papers, which provides models and philosophies,

were selected for detailed literature review.

Three model integration methods were suggested such as Forward, Backward, and
Continuous integration. In Forward Integration Approach, DT applied at the start during

requirement engineering for better understanding of customer needs as a part of
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Requirement Engineering Approach. In Backward Integration, DT is applied at the end
during testing and deployment for capturing customer feedback as a part of Usability
Engineering phase. In Continuous integration approach, DT is applied throughout the

development cycle iteratively during all development phases.

This research work answers the first two research questions. A detailed quantitative
analysis of the literature is provided. Then the whole literature is studied, analyzed,

synthesized, and categorized into the above mentioned three model frameworks.

2.15 Conclusion

Based on the detailed literature study of models & philosophies developed by
various authors, it is observed that there is not sufficient work done to create models for
developing ultra-complex cyber-physical systems.

Major gaps are observed in integration methodology, the application, Model
combinations and tertiary models.

Following is the summary of research gaps from literature review:

> Most of the authors have used the Forward approach of modelling
specifically for requirement engineering only. Whereas a full-scale model with the
application of DT at all the stages of product development lifecycle is needed. However, a
very limited application of full-scale model is observed.

> The tertiary model is not used in most of the papers (67.6%) and only lean
start-up philosophy is observed in a few papers (23%).

> There is very limited work done on model development for new-generation
ultra complex technology development such embedded cyber-physical system, Al & ML

algorithms development and Generative Al programs etc.
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> Majority of the work use Scrum (65.8%) methodology and 55% work use
the D.School, ISO or HPI as design thinking methodology. So, it is observed that very few
novel methodologies are developed.

> The most popular model combinations are HPI with Scrum (16.7%), ISO &
Scrum (13.9%) and D.School & Scrum (13.9 %). There is no study conducted which

analyses and presents the pros and cons of the various model combinations.

As a next step, the knowledge gained in this literature study is leveraged and list of

pitfalls is created associated with software development project in context of various

integrated models used for development work.
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CHAPTER III:
METHODOLOGY

3.1 Overview of the Research Methodology

This chapter discusses in detail about the research methodology adopted. It talks
about the research purpose & questions, research design, process of sampling, data
collection & analysis.

The step-by-step methodology used for conducting this research is depicted in
figure 3.1. The research started with framing the research question - the big question - what
are we trying to achieve during the course of this research? For the specified question, the
next step is to conduct a detailed review of the work already conducted by the other
researcher from the year 2000. We developed a novel methodology for conducting the
literature review.

Next, the project performance data was collected from one of the Fortune 500
company & analyzed to understand the problem areas/ functions for project failure, and
key reasons for project delays. Then various product development methodologies as
practiced in industry are plotted as block diagrams and their characteristics and limitations
are noted. Based on the analysis of the data, insights from the detailed literature review and
study of various product development methodologies, a list of pitfalls on programs was
created.

Variables were defined as dependent (Y), sub-dependent (yi) and independent (x;)
for each pitfall. A survey questionnaire was created based on pitfalls and variables. The
data from the survey was statistically analyzed and a relationship was formed between
various factor and project success. Based on the complete study, factors relationship and
statistical analysis, a conceptual model was proposed along with recommendations for

deployment.
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3.2 Operationalization of Theoretical Constructs

In this research the theoretical construct are abstract concepts such as agile, lean,
design thinking etc. To operation these theoretical construct means connecting the theory
to the real-world data by defining measurable variables (Carmines and Zeller, 1979). The
variable we are looking at are on-time delivery, cost-adherence, quality, customer
satisfaction and reduced scope creep.

Agile focuses on iterative product development (Beck et al., 2001), Design thinking
emphasizes on empathy and user-centric approach to requirement management (Brown and
Wyatt, 2010) and Lean philosophy focuses on early testing of business hypotheses by
deploying BML (Build-Measure-Learn) loop (Ries, 2011). The dependent variables are
operationalized using the metrics used in software process assessment (Unterkalmsteiner
etal., 2023). Based on the three studies such as literature review, industry data analysis and
study of product development methodologies, various independent variable are defined.
To evaluate impact of various predictors, we used survey method with improved Linkert
scale (Linkert, 1930) which provides 6-point ordinal measurement with more sensitivity as
there is no midpoint (Joshi et al., 2015; Boone, 2012). The quantification and analysis of

the data helped in quantifying the relationship and operationalize the construct.

3.3 Research Purpose and Questions
The purpose of this research is to study and understand various factors which
governs the software development projects, build predictive model for predicting the
project success, and build a software development model combining best practices from

various philosophies.
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Following research questions were formed:

RQI1: What contemporary Design thinking, Lean thinking and Agile
methodologies are practiced in software development Industries?

RQ2: What are currently available ‘integrated models’ developed by
researchers?

RQ3: What are pitfalls and corresponding governing variables in current
ultra-complex product development programs?

RQ4: What is the relationship between various independent variables and
program success? How can the project success be precited based input
parameters?

RQ5: How various philosophies can be integrated to build up a model to
eliminate the common pitfalls?

RQ6: How can the conceptual integrated model be deployed in innovation

ecosystem?

The figure 3.1 helps to visualize the instances of each research question on research

process flow.

3.4 Research Design

Descriptive research was conducted to understand how software development

projects fail and to find the relationship between the various governing factors and project

success. Data was collected from live projects as well as surveys to quantify the variables.

As shown in figure 3.1, the Survey questionnaire was created based on the variables

(dependent and independent) identified. To define these variables, a three-way approach

was used — Industry project data analysis, Pitfalls observed in current process of project
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based on literature review, and plotting & analysis of various project management
processes observed in industry.
3.5 Population and Sample

For our survey, the participants are predominantly program managers. As per
Project Management Institute (PMI, 2023), there are currently approximately 39.6 million
project management professionals. Other participants include similar roles such as System
engineers, Technical architects, Software project managers etc. If population size is
unknown or greater than 10,000, then it can be classified as infinite population (Cochran

1977; Israel, 1992). So, the population for this survey is considered to be infinitely large.

For sample size calculation, we deployed various methods based on the type of
statistical analysis we will perform on the data.
Method 1: As per Green’s Rule (Green, 2015) —
1. The sample size for the Multiple Linear Regression analysis for testing the
overall model (i.e., R? significance) is:
N =50+ 8m
Where,
N is Sample Size
m is Number of Independent Variables = 15
Hence, N>50+8 X 15
N=>170

2. The sample size for testing individual predictors (i.e., each B coefficient) is:
N =104 +m

Hence, N >104 + 15

N=>119
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Method 2: As per Cochran (1977), the formula for sample size calculation for
infinitely large population is:

Z%p(1-
N = p(z p)
e

Where,

N is Sample Size

Z 1s Z-score (1.96 for 95% confidence)

p is estimated proportion of the population (Example: 0.5 for 50% of population)
e 1s margin of error (0.05 for £5%. This value is robust and widely used in industry

as it provides good balance between feasibility and accuracy)

We have tried for three different values of proportion of population and calculated

the sample size as follows:

Table 3.1 Sample Size Calculation using Cochran Formula

. | Confidence | Z- Populatfon Margin Sample Size Calculation | Sample
Scenario Proportion | of Error )
Level Score (N) Size (N)
() (e
2 —
1 95% 1.96 10% 0.05 1967 x 0.1(1 — 0.1) 138
0.052
2 —
2 95% 1.96 30% 0.05 1967 x 0.3(1 - 0.3) 323
0.052
2 —
3 95% 1.96 50% 0.05 1967 x 0.5(1 — 0.5) 384
0.052
The average of sample size of the above three scenarios is:
138 + 323 + 384
Sample Size = = 281.66 =~ 282

3
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Method 3: Using G*Power Tool (Version 3.1.9.7)

We used following parameter values as input to the software:

Effect Size f2 = 0.15 (Based on Cohen’s guideline

between predictors and response)

A error probability = 0.05 Significance Level (Considering 5% risk of Type I error)

Power (1-f error probability) = 0.80 (Considering 20% chance of Type II error)

Number of Predictors = 15 Independent variable.

After entering these values, the Sample Size is calculated = 139 (Refer screenshot

of G*Power tool below in figure 3.2)
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Figure 3.2 G*Power Tool — Sample Size Calculation




In summary, the three methods indicates different sample sizes as shown in table

3.2 below.

Table 3.2 Summary of Sample Size Calculation Using Various Methods

Method Method Name Calculate.:d
# Sample Size
Green's Rule - for testing the overall model (i.e., R? significance) 170
! Green's Rule - for testing individual predictors (i.e., each 3
i 119
coefficient)
2 Cochran's Formula 282
3 G*Power Tool 139

We selected the largest sample size of 282 to have better accuracy and feasibility

of sample with respect to the population.

So, Sample Size for our survey is:

N =>282

3.6 Participant Selection

The survey was conducted on professional from industry, who predominantly work

on software project management, software development, system design, engineering

management, cyber-physical system projects etc. These participants were selected

considering the need for getting better inputs and making the survey results more relevant

for the research work. The professional social networking websites such as LinkedIn and

author’s industry network were leveraged to source participants.
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3.7 Instrumentation

The major instrument to collect the quantitative data was online survey. The survey
was designed using improved Linkert scale to quantify the data on each question.
Objectivity was maintained in questions to collect the data in accurate and reliable manner.
This will make sure to minimize bias and errors in data collection. This will also help in
arriving at an actionable insights post data analysis. One open ended question was added
to collect any additional qualitative inputs (if any) from participant which were not
included in the objective questions.

On the other hand, the project data was collected from real projects from an
organization. This helped in gaining a direct insight on project failure functional analysis
and exact reasons for project delays. Anonymity of the organization and projects was

maintained considering the sensitive nature of project failure data.

3.8 Data Collection Procedures

The data was collected using an online survey considering the empirical nature of
research. The survey questionnaire was sent to the participants on professional forums such
as LinkedIn, personal email requesting feedback on survey and on alumni/ industry groups
(Sue & Ritter, 2012). The email ID feed was optional to maintain optional anonymity of
participants and encourage response from participants. We provided, at the start, the
context and purpose of research, assured confidentiality an anonymity, author’s contact
information for any questions, and voluntary nature of the survey (Babbie, 2020). We kept
the survey open for at least 2 weeks, sent gentle reminders to the participants periodically
and monitored the response trend (Dillman, 2014). The mode of conducting survey was
online as it is very cheap, efficient, fast, scalable & geographically accessible to large

number of participants (Wright, 2005; Evans and Mathur, 2005) to collect the data.
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3.9 Data Analysis

The data analysis started with cleaning and coding of the data. After checking
normality of the data, the Exploratory Data Analysis (EDA) was performed to understand
basic statistical parameters such as Mean, Standard deviation, Range, Median etc.,
descriptive statistics and visualization plots. Initial correlation analysis and Regression
linear modelling was performed on the clen data. To test hypothesis testing, ANOVA, t-
test, Linear regression coefficient methods were deployed. At the end the model
Diagnostics & Validation using Multi collinearity, QQ plot etc. was performed. Finally,
the analysis results were reported by R?, p-values, Hypothesis decision.

Apart from Multiple Linear Regression (MLR) model, we developed various
models such as Robust linear Model Regression, LASSO Regression Model, ANOVA,
Structural Equation Modeling (SEM), Random Forest Model, XGBoost Model, Support
Vector Regressor (SVR), Multi-layer Perceptron (MLP) Regressor, SHAP (SHapley
Additive exPlanations) Model, LIME (Local Interpretable Model-agnostic Explanations),
Model Decision Tree (Supervised Learning ML Model). Based on analysis from all these
models, we listed various critical independent variables (x;) which governs project success

(Y)

3.9 Research Design Limitations
We have collected the data using online structured survey which is very efficient
and scalable, however, it relies on self-reported information from the participants. This
limitation of bias on the part of subjective interpretation (Podsakoff, 2003) is arrested by
an improved Linkert scale which maintains consistency and reduces variability in the data.
The cross-sectional nature of the survey results into collection of data at one point in time

over longitudinal surveys over very long period of time (Rindfleisch, 2008). However, this
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research design helps to capture the voice from current practitioners on latest industry
practices. Also, on participants selection, we have selected industry professional who have
relevant experience in the software development & project management field. This may
lack the generalizability of findings to broader industry (Etikan, 2016), but at the same
time, it serves the purpose of current research objective with inputs from most highly

relevant participants.

3.9 Conclusion of Research Methodology
In this chapter, we elaborated the research purpose & questions followed by the
research design. We also calculated the sample size using various appropriate methods and
discussed about the process of sampling, participant selection, and data collection. We
provided high level overview of the techniques used for data analysis along with expected
final output reporting. Based on the insights from data analysis and modelling, we will
build a software development project framework. At the end, we discussed about the

limitation of research design.
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CHAPTER IV:
RESULTS

4.1 Results from study of product development methods in industry

We have studied product (software and cyber-physical) development
methodologies in various industries. We studied the project management and product
development methodology in 10 different product companies and based on observation,
plotted the methodologies in 4 types as below:
Classical Waterfall Methodology

A waterfall approach fitted for high-tech product development, which is commonly
observed in industries is depicted in figure 4.1. This approach is generally used for
development of complex electro-mechanical, mechatronics, automobile, traditional simple

software products.
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Figure 4.1 Waterfall Approach to Product Development
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Hybrid Methodology

A Hybrid approach, observed in industries across globe, for developing cyber-
physical products is shown in figure 4.2. This approach is generally used by companies for
developing cyber-physical products which combines technologies such as software,

firmware, electronics, mechanical, electrical etc.
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Figure 4.2 A Hybrid Approach for Cyber-physical product development
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Agile — Scrum Methodology

It is observed that, pure software companies who build small web app, mobile app
etc., where the resource are limited to one scrum team use Scrum methodology, as shown
figure 4.3. This methodology was developed by Schwaber and Sutherland in 2001signing
agile manifesto (Schwaber and Sutherland, 2020).
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Figure 4.3 Pure Agile Methodology — SCRUM (Schwaber and Sutherland, 2011)

Agile — Scaled Agile Framework (SAFe)

There are companies who are in business of complex software development such
as Al/ ML software where the resources are spread across globe with multiple scrum team
working on multiple pieces of software deliverables at the same time. SAFe model is used
by such companies. Dean Leffingwell developed the Scaled Agile Framework in 2011 and
since then, it is used by various high-tech companies (Knaster & Leffingwell, 2020;

Wilmshurst & Quick, 2023). SAFe framework is show in figure 4.4 below.
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Figure 4.4 Scaled Agile Framework (SAFe) (Dean Leffingwell, Scaled Agile Inc.)

The methodologies are plotted on a spectrum showing the methodology a typical

application as shown in figure 4.5.
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4.2 Results from Analysis of Agile Software Development (ASD) Process

From the detailed systematic literature review, we analyzed the shortcoming and
limitations for various Agile Software Development processes. Various commonly
observed pitfalls in using pure agile methodologies for software development are
mentioned below:

» Lack of deep understanding of customer problems due inability to empathize
with customer for their thought process and needs (Aulet, 2013). The team may develop a
product which may not be able to solve a customer’s problem (Tobak, 2014). This may
impact profitability in future and high payback period (PB), Low Return on Investment
(ROI), Low Internal Rate of Return (IRR), and low or negative Net Present Value (NPV)

» Solving a wrong problem. This may result in developing a product which
customers do not need (Griffith, 2014, Ries, 2011; Blank, 2013, Christensen, 1997). This
may result in loss of valuable time of teams, cost & efforts ultimately resulting in losing
competitive advantage (Cooper, 2019) and even complete business failure.

» Sometime in product companies who sell software as a product to mass market,
the requirements do not come from real user. Rather the requirements are derived based
on needs of a typical to extreme user (Ximenes, 2015; Jarke et al., 2011; Sawhney et al.,
2005). This adds challenged to the Requirement Engineering phase of the project.

» Even though the team build the product, many companies lack on the right
GTM (Go-To-Market) Strategy as a result of insufficient competition study (Deeb, 2013;
Keller and Kotler, 2009).

» Insufficient scope definition by project team, which results in frequent scope
change and excessive product backlog refinement in future ultimately resulting in scope

creep (PMI, 2017; Morris, 2013). Even for pure agile projects, insufficient scope definition
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and product vision results into frequent reprioritization of stories and backlog refinement
(Cohn, 2004) resulting into negative impact on project success (Serrador and Pinto, 2015)

» Missing the human aspect in the design. Due to rush in breaking product
requirements into user stories and initiating sprint planning, agile teams may miss to
consider the aspect of human-machine interaction (Lukasik and Saylor, 2018; Ferreira,
2011). So, the product may not be user-friendly resulting in loss of business sustenance.

» Incorrect Resource Planning and project estimation. Due to lack of awareness
of the end-to-end product obligations, the agile teams incorrectly calculate efforts
resulting in inaccurate allotment of resources and budget, and lack of forecasts (Boehm,
2011; Molokken and Jorgensen, 2003)

» Lack of sufficient documentation. Due to the agility of the process, there is
overall less emphasis on the formal project documentation (Ramesh et al., 2010; Inayat et
al., 2015; Fitriani et. al., 2016). For example — Due to continuous feedback from Software
Quality Assurance (SQA) team, the product owner may not follow the formal change
management process.

» Fragmented non-integrated outcome. The various agile teams create
fragmented outcomes at each sprint due to lack of clarity on exact product solution needed
to satisfy human needs (Boehm and Turner, 2003). The fragmentation can also increase the
risk of communication gaps between teams (Pikkarainen et al., 2008).

» Lack of collaboration between various agile teams. Due to varied
understanding of product requirement, especially in case of global virtual teams now a days
after COVID-19 pandemic, the global scrum teams lack effective collaboration, even after
deploying Scrum of Scrums (SoS) ceremonies (Hossain et al., 2011; Stray et al., 2018).

P Ineffective monitoring of project health. Due to lack of vision about the exact

result of project, the team may not be able to properly define project key performance
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indicators (KPIs), resulting in absence of performance measurement, vision and project
getting off-track (Kerzner, 2017; Crawford and Bryce, 2003)

» Slipshod program governance. Due to the characteristic of Self-managed
Teams (SMT), there is a perception that the scrum teams do not need a strict governance
(Goulstone, N.D.; PMI, 2017; Miiller, 2009), which may result into loosing direction,
elevated risk and low strategic fit (Dikert et al., 2016).

» Non-suitability of common agile model to new generation technologies such
as Al, ML, Generative Al etc. The outcome of these projects is an algorithm based on the
insights derived from data rather than programmatic codes (Walch, 2020; Singla et al.,
2019). Also, the more traditional descriptive methods such PMBOK (PMI, 2022) miss the
guidance on ethical complexity, data science lifecycle and iterative nature of Al-based
Algorithm development projects (Burdakov et al. 2025).

» The combined models with Design Thinking and agile practices do not focus on
tracking growth and increasing scalability post product launch. (Dobrigkeit & De
Paula, 2017; Vilkki 2010; Grossman-Kahn and Rosensweig 2012).

P A typical agile methodology lacks focus on design (Dyba and Dingseyr, 2008;
Dobrigkeit et. al, 2019a) which may result into unsatisfied customer and rework in future.
Typical design focus missed is on UX design-based specialist positions and Human-
centered design (Curcio et al., 2019) and creative approach in story boarding and
Requirement Engineering (Aldave et al., 2019).

P Agile teams sometime are so focused on incremental value delivery that, they
cannot track the overall impact of iterative nature on customer experience (Molamphy,
2025; Lukasik & Saylor, 2018).

» Filippov et al. (2012) found that, lack of strategic alignment of project

portfolio results into low project portfolio performance and steering. The alignment

52



between portfolio and organizational strategic objective is significant in maximizing the
projects values (Iamratanakul et al., 2008).

» Lack of formal issue/ defect management process result into lower software
performance and process efficiency (Pai et al., 2021). This issue can be arrested by
deploying a defect identification and recurrence prevention process in Verification and

Validation and system engineering (Silva et al, 2017).

4.3 Results from Analysis of Integrated Design Thinking Models

» Even though the integrated models claim to be flexible, many of them appear to
be linear, sequential and are applied very rigidly (Kettunen and Laanti, 2008; Brown,
2009).

» The design thinking part at the start of integrated models dominates the
Requirement Engineering phase, hence it often focuses on individual problems rather than
system as a whole resulting into lack of system thinking. (Kolko, 2018; Meadows, 2008;
Buchanan, 1992; Johansson-Skoldberg et al., 2013).

» The emphasis is mainly on early-stage ideation, prototype, solution and feedback
rather than end transition activities. There is an insufficient Emphasis on Implementation
— Execution and scaling (Kalenda et al., 2018)

P Reflection and iteration based on real outcomes are not always implemented
resulting into limited Feedback Loops. Beckman & Barry (2007) focuses in need of close
looping reflection and integrating the outcome back to the design. Many firms fail to close
loop process at may milestones such as experimentation, Software delivery and real
outcome for customer (Brown and Katz, 2011). This problem related to feedback looping

is enhanced when organizations scale (Paasivaara et al., 2018)
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» In design thinking integrated models, the cultural, ethical, and ecological
aspects are often overlooked (Frauenberger et al., 2017). Overreliance on persona
definition, very slim testing specially affects the contextual and ethical considerations in a
project (Goodman et al., 2012)

» While the upfront approach to use Design Thinking to understand the customer
requirement in IT projects is easy to implement, but there may be barriers in information
flow from DT phase to subsequent agile phase (Lindberg et. al., 2011).

» For Integrated Design Thinking implementation, there is generally a project
teams’ reluctance and organizational resistance to change observed (Wolbling et. al.,

2012), which calls for a formal process to remove the impediment.

4.4 Industry Data - Effort Analysis and Insights

We have collected the project performance data from a high-tech product company,
which manufactures the complex, cyber-physical products involving various technologies
such as software, firmware, electrical, electronics, mechanical hardware etc. The data we
have collected is functional effort variance for 11 projects.

Table 4.1 indicates the function wise effort variance data for each project. If the
variance is positive (Overrun), it means, the team has spent more efforts than the baseline
plan. Negative values (Underrun) indicate a better situation with less efforts spent on
project with respect to the plan.

For this data, basic statistical parameters are calculated as below:

Inter-Quartile Range (IQR) calculation:

QTL = The value at which 25% of the data lies below it.

QTL3 = The value at which 75% of the data lies below it.

IQR = QTL; — QTL,
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Table 4.1 Function wise effort variance data for project

Electrical/ SQa/ Other Tech

Project . Mechanical | Firmware | Software SW (PM, Total

Electronics . Comm

Testing EM)

A 16.1% 46.6% 23.5% 69.1% 49.8% -51.3% 40.6% 19.3%
126.1% -10.7% 62.1% 68.4% 46.1% 150.0% -22.0% | 72.0%
C -20.0% 20.6% -8.8% 17.7% 255.6% -21.4% 10.0% 8.3%
D 0.0% 4.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.8%
E 0.0% 0.0% 0.0% -0.1% -0.4% 0.3% 0.0% -0.2%
F 2.2% 35.5% -76.7% -30.8% 10.8% -28.2% 23.3% -4.7%
G 0.7% 0.0% 0.3% 0.0% -0.7% 6.4% 0.0% 0.8%
I 38.5% -2.3% 92.3% 185.7% 0.0% -37.5% 0.0% 50.0%
J 74.4% 12.5% 32.5% 10.8% 0.0% 75.0% 5.0% 39.9%
K 10.5% 0.0% 2.6% 149.5% 2.7% 143.7% 0.0% 27.3%
L 0.0% 0.0% 0.0% 110.0% 16.6% -85.5% -22.8% | 11.2%

We have used “Quartile.INC” function in Microsoft Excel (Microsoft, 2024) to

calculate QTL; and QTLs. It includes both the minimum and maximum values in the

computation. This approach more suitable for project management datasets and for applied

research, and is aligned with the boxplot definition by Tukey (Tukey, 1977). It takes cares

of the full variability of the dataset as well as enable common comparability across all the

functions.

As per Tukey rule (Tukey, 1977), for exploratory data analysis and consider mild

outliers, following formula are used for limit calculation:

Lower Limit = QTL; - 1.5 (Inter Quartile Range)

Upper Limit = QTL3 + 1.5 (Inter Quartile Range)

The data points are considered to be outliers out of these limits.
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Table 4.2 IOR calculation and Basic Statistics of the Project Data

Project ]gf:t?(:;?i/s Mechanical | Firmware | Software Sg\?/ (()Itllt/i,r C’I(‘)ifllrln Total
Testing EM)
Min Value -20.0% -10.7% -76.7% -30.8% -0.7% -85.5% | -22.8% | -4.7%
QTL4 0.0% 0.0% 0.0% 0.0% 0.0% -32.8% 0.0% 0.8%
Median QTL: 2.2% 0.0% 0.3% 17.7% 2.7% 0.0% 0.0% 11.2%
QTLs 27.3% 16.6% 28.0% 89.5% 31.3% 40.7% 7.5% 33.6%
Max Value 126.1% 46.6% 92.3% 185.7% | 255.6% 150.0% | 40.6% | 72.0%
IQR 27.3% 16.6% 28.0% 89.5% 31.3% 73.6% 7.5% 32.7%
Lower Limit -40.9% -24.8% -42.0% -1343% | -47.0% | -1432% | -11.3% | -48.3%
Upper Limit 68.2% 41.4% 70.0% 223.8% 78.3% 151.1% 18.8% | 82.7%
“}::;’:lgcee 23% 10% 12% 53% 35% 14% 3% 20%
V;ﬂ*(;;?llce 248% 107% 128% 580% 380% 152% 34% 225%

Based on the Inter-Quartile Range (IQR), median, minimum and maximum values

calculation, we have plotted the Box Plots as shown in figure 4.6.
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Figure 4.6 Functional Box Plots of Effort Variance data
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Overall, the summation of project is indicated by Total value box plot, which shows
very high variability, although the effort variance value in 20.4%. The Software testing
function has effort variance value very high, but the spread of the data is not very high,
which may be due to consistency in miscalculation of efforts or there was always higher
efforts on testing due to research and development nature of these projects. The E&E
(Electrical and Electronics) team also has a slightly higher spread of the data with 23% of
the absolute effort variance value. This may be due to complexities in design of embedded
electronics systems, chip design and geopolitical issues in raw material sourcing such as

silicon for electronic items proto development and testing.
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Tech Comm hechanical
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* 53%
SOA/ SW Testing Software

Figure 4.7 Average variance of all project

The Software Development function has very high spread of the data as well as the

highest absolute effort variance. It may be due to iterative nature of software development
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process, frequently changing customer demands, code rework, scope addition, or even the

team’s capability and sluggish learning curve on newt technologies.

The function wise average effort variance is shown in form of spider chart in figure
4.7. It clearly indicates that, at the individual project level, the highest contributor to project
success uncertainty are Software with 53% of cases and Software Testing functions with

35% cases across projects.

The cumulative efforts variance of all projects, which indicates performance at the
portfolio level, is show in form of funnel chart in figure 4.8. It indicates the similar
observation, i.e. Software development and Software Testing are the top two function

which contributes the efforts variance.

Electrical & Electronics
Othar (PM, EM)
e
Mechanical

Tech Comm 34%

Figure 4.8 Cumulative variance of all projects



From the analysis of above data (Table 4.2) and Boxplots (Figure 4.6), Spider chart

(Figure 4.7) and Funnel chart (figure 4.8), following are the insights (Refer table 4.3 for

each functional area of the project:

Table 4.3 Insights from functional analysis of project data

Function Interpretation from Box Plots
Electrical/ Most of the projects delivered close to the plan except occasional
. overrun, Ex. +126%
Electronics
No major issues. Well planned and predictable delivery. This is due to
Mechanical the perfect scope definition at the start of the work.
Most of the projects balanced out the analysis, however occasional high
Firmware underestimation, Ex. -76%
Least predictable area. Highest spread amongst all functions due to
requirement change & scope creep. This is highest risk area and needs
Software . .
most focus for the successful project delivery.
Manageable for most of the projects, but few projects have high
variance (Ex. +256.6%) due to unpredictability in re-testing needs,
SQA/ SW Testing regression etc. Need to track closely and work on achieving higher
accuracy in estimation.
High variability as this competency depends on project complexity and
Other (PM, EM) shared resources.

Tech Comm

Very much stable, predictable and well estimated. This is due to the
similarity of technical communication and documentation work across
all projects.

Total Portfolio

Overall, at portfolio level, projects fall within deviation. Software and
Software testing are needs most attention for success of individual
project as well as for portfolio success.
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4.5 Industry Data — Schedule Variance Analysis and Insights
For the 11 projects, we collected milestone schedule data, quantified the delay in
weeks and analyzed to categories the delay. Figure 4.9 shows that for each project; there

are defined milestones and defined categories of delay.
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Figure 4.9 Project, Milestones and Delay Categorization

The delay value in weeks for each milestone was bifurcated into different categories

and based on analysis a “Delay Category” was assigned to each delay value.

After data collection and analysis, a box-plot is plotted for the delay categories
considering the all the delay values as shown in figure 4.10 below. Other than, project on
hold category, majority of the deviation and unpredictability is observed in Prototype build,
Testing, Quality issues and Requirement Engineering. These are interrelated areas and need

to be worked by project team to increase the predictability of the product delivery.
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Figure 4.10 Box plot for delay categories
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We have also conducted Pareto analysis (Figure 4.11) on the delay categorized data.
We have eliminated ‘Project on Hold’ category as it was a management strategic decision
and considering its magnitude, it may skew the analysis. The Development resource
shifting is occasional and is a tactical decision. Major contributor for schedule variance is
Requirement addition. Other factors and prototype and MVP build and testing. This proves
that, for a software program to be successful, the team need to focus on Requirement
Engineering, early proto and MVP build and testing to receive early feedback on the

product.
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Figure 4.11 Schedule Variance Delay Category Pareto Chart Analysis
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4.6 Insights from the study and Variable Definition

Software Development and SQA (Software Quality Assurance/ Software
Testing) functions has most unpredictability on efforts and schedule. So, these
are the driving functions and has most activities on critical path of project
schedule. For a success of a high-tech product development project, the focus
should be on managing risks of Software and SQA area.

Software requirement understanding, early focus on iteratively building MVP
(Minimum Viable Product) and it’s testing to get the early feedback is critical
for predictable on-time launch.

Hybrid product development approach is the most used methodology in the
industry as it balances and inclusive of best of agile and waterfall methodologies.
As the product becomes more and more hardware oriented, classic waterfall
methodology is used. Whereas, as the product uses more and more software and
new generation technologies such as AI, ML, GenAl etc., the product
development process approaches more agility.

The various project performance parameters are inter-related and impact the
customer satisfaction. Effort and Schedule variance are importance parameters
to be measured on a project which are inclusive of impact of the scope creep and
quality issue/ rework, and they impact the cost variance. All variance such as
Schedule, Effort, Cost, Scope and customer satisfaction. These relationships are

shown in figure 4.12 below.
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Figure 4.12 Industry Data — Schedule Delay Analysis and Insights

e We got a high-level relationship between governing parameters for project

success from figure 4.12. Accordingly, we defined five dependent variables as

shown in Table 4.4 below.

Table 4.4 Defining Dependent Variables

# | Governing Parameter | Metric Dependent Variable (yi)
1 | Schedule Variable Time based metric y1 = On-time Delivery

2 | Cost Variance Cost based metric y2 = No Budget over-run
3 | Scope Creep Change management-based metric | y3 = No Scope creep

4 | Quality Variance Quality based metric y4 = No Quality defects

5 | Customer Complaint Customer experience-based ys = High Customer/

metric

stakeholder satisfaction
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e Based on the insights on pitfalls from detailed analysis of literature, we have

derived factors and from each factor we have defined the independent variables

as shown in table 4.5 below.

Table 4.5 Defining Independent Variables

# | Reference Insight on Pitfall Factor Indfe pendent
variable (x;)
Aulet, 2013; Tobak, Lack of deep understanding of
2014 customer problems .
x1 = Clarity on
1 | Griffith, 2014; Ries, Empathy | Customer
2011; Blank, 2013; Solvine a wrone problem Requirements
Christensen, 1997; g gp
Cooper, 2019
Burdakov et al. 2025; Eﬁ;utgafelhty :je‘;‘;?g"n agile
Walch, 2020; Singla et technologie:V n%;eding speed
5 al., 2019; PMI, 2022 automation & reliability Automatio | x2 = PrOJ_ect Process
n Automation
Kettunen and Laanti, Linear & sequential integrated
2008; Brown, 2009 model, Rigid application
Serrador and Pinto, Insufficient scope definition &
2015; PMI, 2017; Product vision - S Creep and
Morris, 2013; Coh, | coven prioritization.
2004 quettp
. x3 = Clarity on
3 Kerzner, 2017; Vision Product Vision
Crawford and Bryce, Lack of Vision - Improper
2003; Christenson & definition of project key
Walker, 2008; Buchan | performance indicators (KPIs)
etal., 2021
Frauenberger et al., Cultqral, .et.hlcal, ecological and Sustainabil | x4 = Sustainability
4 | 2017; Goodman et al., | sustainability aspects are often itv. Ethics | & Ethics Strate
2012 overlooked Y &y
Ximenes, 2015; Jarke . . x5 = Requirement
) Requirements do not come from Requireme
5 |etal, 2011; Sawhney Source (Customer
real user nt Source

et al., 2005

vs Internal)
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Independent

# | Reference Insight on Pitfall Factor T
Deeb, 2013; Keller and | Lack on the right GTM (Go-To-
Kotler, 2009 Market) Strategy
Dobrigkeit & De
Paula, 2017; Vilkki Growth and increasing scalability X6 = GTM, Growth
6 | 2010; Grossman-Kahn | post product launch Growth | & Scale-Up
and Rosensweig 2012 Strategy
Insufficient Emphasis on
Kalenda et al., 2018 Implementation — Execution and
scaling
Lukasik and Saylor, Missing the human aspect in the
2018; Ferreira, 2011 design
Dyba and Dingseyr, x7 = Human-
7 2008; Dobrigkeit et. al, Human Centered Design
2019a; Curcio et al., Lacks focus on design
2019; Aldave et al.,
2019
&%igrl?léeznoiéé Lack of awareness of the end-to-
Jorgensen, 2003 end product obligations
3 S xg = Detailed Scope
Molamphy, 2025 Impact of iterative nature on COPC | Definition
Lukasik & ,Sa lor, customer experience, by focusing
2018 s on increments rather than overall
scope
Elzr;ljtsgteglalz 02 1051‘0; Lack of sufficient documentation
Fitriani ct. al, 2016 | ™28l Governane | Xo = Program
9 Governance
Dikert et al., 2016; © Strength
Goulstone, N.D.; PMI, | Slipshod program governance
2017; Miiller, 2009
Filippov etal., 2012; Lack of strategic alignment of . X10 = Portfolio
10 | lTamratanakul et al., roiect portfolio Portfolio | Strategy
2008 projectp Management
1 Pai et al., 2021; Silva Lack of formal issue/ defect Issue/Defe | x11 = Issue/Defect
etal, 2017 management process ct Management
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# | Reference Insight on Pitfall Factor Ind.e pendent
variable (x;)
Beckman & Barry, _
2007; Brown and Katz X12 = Lessons

12 ’ . > | Limited Feedback Loops Feedback | Learnt Feedback
2011; Paasivaara et al., Loo
2018 P

Barriers in information flow from
Lindberg et. al., 2011 DT phase to subsequent agile . x13 = Bottlenecks &

13 phase Impet(; fmen Impediments
> Resolution

Wolbling et. al.> 2012 | Lcams’ reluctance and

organizational resistance
Boehm and Turner, .
2003: Pikkarainen et l;rafcr)rrl;la:ted non-integrated
al., 2008 "
Hossain et al., 2011; Lack of collaboration between x14 = Project/

14 | Stray etal., 2018 various agile teams Integration | Product Integration
Kolko, 2018: Management
Meadows, 2008;

Buchanan, 1992; Lack of system thinking
Johansson-Skoldberg
etal., 2013

4.7 Variable Relationship & Hypothesis Formation

The main dependent variable Y is a function of sub-dependent variable y;

Y =1 (yi)

Y = f(y1, Y2, Y3, Y4, YS)

Where,

_________ (Function 1)

Y = Dependent Variable i.e. Project Success

yi = Sub-dependent variable

Also, each of the sub-dependent variable y; is a function of independent variable x;

yi = (xi)

68




yi =f (X1, X2, X3 ..... X14) —==--=--=---=—-- (Function 2)

Where,

xi = Independent variable

Hence, from function 1 and 2, we get

Y = f(x))

Sub-Dependent variables (yi) are (From Table 4.4):

y1 = On-time Delivery (Time based metric)

y2 = No Budget over-run (Cost based metric)

y3 = No Scope creep (Change management-based metric)
y4 = No Quality defects (Quality based metric)

ys = High Customer/ stakeholder satisfaction (Customer experience-based metric)

Independent variables (xi) are (From Table 4.5):
x1 = Clarity on Customer Requirements

x2 = Project Process Automation

x3 = Clarity on Product Vision

x4 = Sustainability & Ethics Strategy

x5 = Requirement Source (Customer vs Internal)

x6 = GTM, Growth & Scale-Up Strategy

x7 = Human-Centered Design

xg = Detailed Scope Definition

x9 = Program Governance Strength

x10 = Portfolio Strategy Management
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x11 = Issue/Defect Management
x12 = Lessons Learnt Feedback Loop
x13 = Bottlenecks & Impediments Resolution

x14 = Project/ Product Integration Management

Relationship between Dependent and Sub-dependent variable:
To set-up relationship between Y and y;, we need to normalize the score. The y; to y4 are

lower the better, however, ys is higher the better.

Normalized scores (N;) are:
N1 =1-(y1/100)

N2 =1—(y2/100)

N3 =1—(y3/100)
Ng=1-(y4/100)

N5 =ys/10

For N;j the value is higher the better for project success.

Hence, the Composite score for main dependent variable is:
w;. Ni

Y =
2w
wy.N;y + wy. Ny + wi. N3 + wy. Ny + ws. Ng

wy +w, +ws +w, + wsg

Where,
w; are weightage to each sub-dependent variable.
So, now we have 1 derived dependent variable Y (Project Success) and 14 independent

variables (x;) as mentioned above.
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Hypothesis:

We want to understand that whether there is any relationship between xi and Y and

if yes, what is the degree of their relationship.

So, the hypotheses are as follows.

Table 4.6 Hypotheses

For Y = Project success, the independent variables x; are as follows:

Independ- Independent
# ent Variable Null Hypothesis (Ho) Alternative Hypothesis (Ha)
Variable Description
There is no significant . .
. . . . There is a significant
Clarity on relationship between Clarity on . . .
. relationship between Clarity on
X1 Customer Customer Requirements and .
. . Customer Requirements and
Requirements Project Success. .
Project Success.
There is no significant . .
ere 15 no sighttic . There is a significant
. relationship between Project . . .
Project Process . relationship between Project
X2 . Process Automation and .
Automation . Process Automation and
Project Success. .
Project Success.
There is no significant . .
. 0 Sig . There is a significant
. relationship between Clarity on . . .
X Clarity on Product Vision and Proiect relationship between Clarity on
3 Product Vision ) Product Vision and Project
Success.
Success.
Ther'e 1S No significant There is a significant
o relationship between . .
Sustainability & Y . relationship between
X4 . Sustainability & Ethics L .
Ethics Strategy Strateoy and Proiect Success Sustainability & Ethics
gy ) ' Strategy and Project Success.
There is no significant . .
) . 0 818 There is a significant
Requirement relationship between . .
. relationship between
Source Requirement Source .
X5 Requirement Source
(Customer vs (Customer vs Internal) and
. (Customer vs Internal) and
Internal) Project Success. .
Project Success.
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Independ- | Independent
# ent Variable Null Hypothesis (Ho) Alternative Hypothesis (Ha)
Variable | Description
There is no significant There is a significant
5 X Sc];ll\gil? rowth & relationship between GTM, relationship between GTM,
6 Strate P Growth & Scale-Up Strategy Growth & Scale-Up Strategy
il and Project Success. and Project Success.
There is no significant There is a significant
7 X Human-Centered | relationship between Human- | relationship between Human-
7 Design Centered Design and Project Centered Design and Project
Success. Success.
There is no significant There is a significant
2 « Detailed Scope relationship between Detailed | relationship between Detailed
; Definition Scope Definition and Project Scope Definition and Project
Success. Success.
There is no significant There is a significant
Program . . . .
relationship between Program | relationship between Program
9 X9 Governance
Governance Strength and Governance Strength and
Strength . .
Project Success. Project Success.
There is no significant There is a significant
10 X Portfolio Strategy | relationship between Portfolio | relationship between Portfolio
10 Management Strategy Management and Strategy Management and
Project Success. Project Success.
There is no significant There is a significant
1 « Issue/Defect relationship between relationship between
H Management Issue/Defect Management and | Issue/Defect Management and
Project Success. Project Success
There is no significant There is a significant
12 « Lessons Learnt relationship between Lessons | relationship between Lessons
12 Feedback Loop Learnt Feedback Loop and Learnt Feedback Loop and
Project Success. Project Success
There is no significant Ther.e 1S a.51gn1ﬁcant
Bottlenecks & . . relationship between
: relationship between .
13 X13 Impediments . Bottlenecks & Impediments
. Bottlenecks & Impediments . .
Resolution . . Resolution and Project
Resolution and Project Success
Success.
There is no significant There is a significant
Project/ Product | relationship between Project/ relationship between Project/
14 X14 Integration Product Integration Product Integration
Management Management and Project Management and Project

Success.

Success.
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Hypothesis and Variable Inter-relationship Conceptual Model:

SubeDependent
Variable
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‘! ¥ Dependent
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Figure 4.13 Hypothesis and Variable Inter-relationship Conceptual Model

Each individual independent variable (xi) has effect on each sub-dependent variable (y;).
we are deriving the dependent variable (Y) using the composite score formula from the 5
sub-dependent variables (yi). Hence to form hypothesis, the relation is formed between
each independent variable (x;) and the main dependent variable (Y). In this way, 14

hypotheses are formed for testing and analysis as shown in figure 4.13.
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4.8 Survey — Questionnaire and Data Collection

Survey Questionnaire Form:
e We have created a question for each y; and x;. There 5 questions for yi to ysand 14

questions for X to X14).

e There is 1 question at the start to understand industry of the respondent.

e Thereis 1 optional open question at the end, where respondent can add any other factor
which affect the project success.

e The 1 question on email ID of the respondent is kept optional to enable anonymity.
Mandatory identification may prompt the respondent not choose to provide inputs.

e So, in total there are here are 23 questions in the survey.

e Questions to be used in survey are in Blue Font below.

What Makes Projects Succeed or Fail?
- A Survey on Analysis of Key Factors Affecting Project Outcome.
Please share your inputs from your experience about various factors responsible for

inefficiencies in projects. Add average rating if you are working in multiple projects
1. What type of Project you work on? (Example Industry: - Software, IT,

Automobile, Banking, Consulting etc.)

Questions for dependent variable y; to ys:

2. Whatis % schedule delay on your program? %
3. What is % project cost over-run on your program? %
4. What is % time of total project duration spent on rework, fixing defects? %

5. What is % increase in scope (due to change requests, additional work, new
features requested by customer post-delivery)? %
6. What is Customer/ Stakeholder satisfaction score on your project? On

scale of 1 to 10 (1 being unhappy customer & 10 being customer delight)
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7. PM Methodology adoption:

Which method(s) your organization use for project management? (Multiple

Selection type question)

0 Phase-Gate/ Waterfall

O Scrum

0 Scaled Agile (SAFe)

o0 Hybrid (Agile + Waterfall)

0 Software Development Life Cycle (SDLC)
0 Design Thinking

O System Thinking/ System Engineering

O Lean Start-up

o Other

Following questions are framed based on Improved Linkert scale as below:
o Strongly Agree

o Agree

o Somewhat Agree

o Somewhat Disagree

o Disagree

o Strongly Disagree

8. Clarity on Customer Requirements (x1):

“The team deeply understands the customer’s problem by empathizing on their

needs before beginning of development work”
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10.

11.

12.

13.

14.

Project Process Automation (X2):

“The project management/ development process is highly automated”

Clarity on Product Vision (x3):

“The team has full clarity on the product vision even before the development
starts, including what needs to be built and how will it solve the customer’s exact

problems.”

Sustainability & Ethics Strategy (x4):

“The project plan includes clearly defined steps to address sustainability and

ethical considerations.”

Requirement Source (x5s):

“Project requirements are received from direct interaction with customers or
end-users rather than relying on internal team members such as product owners,

product manager, business analysts, or marketing.”

GTM, Growth & Scale-up Strategy (Xs):

“At the start of the project, the team clearly defines the plan for Go-To-Market

(GTM), Growth, and business Scale-up in the future.”

Human-Centered Design (x7):

“While designing the product or service, there is a strong focus on Usability &

Human aspects to make the product more user friendly.”
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15

16.

17.

18.

19.

. Detailed Scope Definition (x3g):

“The project scope is fully defined and documented in detail before start of the

development, with clearly stated project success criteria”

Strength of Program Governance (X9):

“There is a formal program governance process for planning, execution, and
tracking, including risk and change management practices, templates, and team

religiously follow the process.”

Portfolio Strategy Management (X10):

“The project is aligned with organizational goals and supported by documents
such as value propositions, opportunity analysis, and strategic alignment

records.”

Issue/Defect Management (X11):

“Whenever there are quality issues found in testing and reported by customer,
the team proactively follows a defined process to detect, track, analyze, and

eliminate root causes of quality issues.”

Lessons Learnt Feedback Loop (x12):

“The retrospectives and lessons learnt reviews are effective and the team

effectively track actionable items and integrated back into the project.”
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20. Bottlenecks & Impediments Resolution process (X13):

“The project team follow a well-defined formal process to identify and remove

bottlenecks and impediments in a timely and effective manner.”

21. Product/Project Integration Management (X14):

“The team successfully integrates deliverables from multiple project teams to

form a whole cohesive product for customer.”

22. Do you face any other challenges on your project which results into delay, cost
overrun, quality issues, scope change etc.? Or Anything else you want to add.

This is an optional question; however, it will be great if you add your thoughts.

23. Your email ID (Optional)

4.9 Data Coding and Rationality Analysis

The survey was conducted for more than two months and 302 data points were
collected against the minimum sample size of 282. After collecting the data, the file was
downloaded as .csv file which then converted to .xlIsx file.

The data coding was then performed as follows:

For dependent variables yi Schedule, y> Cost, y; Quality, and ys4 Scope,
following formula is used for coding the data:

Ni=1-(yi/100)

Where,1=1,2,3,4
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For Dependent variable ys_Customer, following formula is used for coding:

N5 =ys/10

The independent variables from xi to Xi4 are recorded using improved six-point
Linkert scale, so, they are coded using the criteria mentioned in table 4.7 below. We
replaced the survey response with a score value in a particular sequence. For example,

‘Strongly Agree’ response was replaced by score value 6.

Table 4.7 Coding criteria for independent variable

Sequence of
Score as a replacement value for
Replacement Survey Response corresponding survey response
in Dataset P g y resp
v swongvAgee | 6
2 Somewhat Agree 4
3 Strongly Disagree 1
4 Somewhat Disagree 3
5 Disagree 2
6 Agree 5

The file was then cleaned and sanity check was performed as explained below. The
excel data file was read using Python script in Jupyter Notebook which is an open-source
web application with Anaconda ecosystem environment. It was observed that, these
resources for data analysis are extremely powerful and convenient as it has pre-installed
libraries such as NumPy, Pandas, Matplotlib, Scikit-learn etc. and it provides access to
advanced modelling in Artificial Intelligence and Machine Learning, which can further

help to build advanced statistical models for our dataset.
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Top and bottom rows are observed as shown in figure 4.14 which depicts the very

high-level overview of the survey dataset. Here there was also an opportunity to verify the

accuracy of data coding.
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Figure 4.14 Data set high level overview: Top & Bottom rows

There are 302 data points (rows) which are indexed from 0 to 301 and 21 variables

(columns). y1 to ys are float values, xi to X14 are integers and method & Industry are object

type data types. We also checked for missing records and found that, there are no null

values. There are also no duplicate records in the data. This dataset rationality analysis is

show in figure 4.15 below.
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Figure 4.15 Dataset Rationality Analysis — Data points, Variables and Data Types, Null
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4.10 Principal Component Analysis (PCA)

Principal Component Analysis (PCA), a statistical technique to reduce high number
of dimensions (in our case, they are five, such as y to ys) to one lower dimension which
can explain most of the variance in data, was performed on the dataset. Five principal
components are created. Figure 4.16 shows contribution of each of the variable in each of

the principal components. The contribution is also shown as heat map in figure 4.17.

PCA Loadings {Variable Contributions):

PC1 P2 PC3 PCAa PC5
y1 Schedule 8.455234 -9.851648 -8.4138%0 -9.481296 -8.673618
y2 Cost 2.458567 -0.38182% -8.374937 -0.1B366% 0.698571
y3 Quality 8.456383 -0.0BE662 -B.BY2784 B.869816 -8.154886
yd_Scope 9.428117 ©.B72598 @.054896 -0.P96458 &.207293
yo Customer @8.4451%6 -0.2808367 @.824%83 -8.201831 -0.851513

Explained Variance by Each Component:
Frin;ipal Component {xplainrd Variance Ratio

£ PL1 B.928337
1 i) 2. 848445
2 PL3 0.820553
3 Hid B.8182148
4 FL3 2. 8884548

Figure 4.16 PCA Output and Loading Data

Based on variance analysis, as shown in Scree plot in figure 4.18, it is observed
that, the first principal component PC1 explains 92% of variance which is well above
threshold of 80%.

So, based on majority of contribution and explained variance, we have selected PC1
as Project Success dependent variable Y. We have defined this key variable as

“Y Project Success” which represents the combined effect of yi to ys.
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4.11 Exploratory Data Analysis (EDA)

As a part of EDA, statistical summary is created as shown in figure 4.19 for

Dependent Variables (yi), Project Success variable (Y) and Independent Variable (x;).

Table 4.8 Statistical Summary of Dataset

Variable Mean SD Min 25% | 50% | 75% | Max | Range | IQR |Variance| COV
y1_Schedule 0.752 0.172 0.2 0.59 | 0.785 | 0.938 1 0.8 0.348 | 0.030 0.229
y2_Cost 0.773 0.172 0.5 0.6 0.82 0.95 1 0.5 0.350 | 0.030 0.223
y3_Quality 0.800 0.134 0.6 0.67 0.83 0.94 0.99 0.39 | 0270 | 0.018 0.167
y4_Scope 0.816 0.135 0.5 0.693 | 0.82 0.95 1 0.5 0.258 | 0.018 0.166
y5_Customer 0.577 0.257 0.1 0.3 0.6 0.8 1 0.9 0.5 0.066 0.446
Y Project_Success |-1.41E-16| 2.14871 | -3.571 | -2.088 | 0.309 | 2.170 | 3.155 | 6.726 | 4.258 | 4.61697 |-1.52E+16
x1_Empathy 3.493 1.688 1 2 4 5 6 5 3 2.849 0.483
x2_Automation 3.381 1.829 1 2 3 5 6 5 3 3.346 0.541
x3_Vision 3.781 1.578 1 2 4 5 6 5 3 2.490 0.417
x4_SustEthics 3.331 1.504 1 2 3 4 6 5 2 2.262 0.452
x5_ReqSource 3.447 1.445 1 2 3 5 6 5 3 2.089 0.419
x6_Growth 3.652 1.706 1 2 4 5 6 5 3 2912 0.467
x7_Human 3.864 1.423 1 3 4 5 6 5 2 2.025 0.368
x8 Scope 3.570 1.481 1 2 4 5 6 5 3 2.193 0.415
x9_Governance 3.536 1.658 1 2 3 5 6 5 3 2.748 0.469
x10_Strategy 3.149 1.454 1 2 3 5 6 5 3 2.114 0.462
x11_IssueRes 3.646 1.493 1 3 4 5 6 5 2 2.230 0.410
x12_Retrospective 3.626 1.781 1 2 4 5 6 5 3 3.172 0.491
x13_Impediments 3.262 1.528 1 2 3 5 6 5 3 2.333 0.468
x14_Integration 3.460 1.650 1 2 3 5 6 5 3 2.721 0.477

Based on the complete dataset, box-plots are also plotted for dependent variables y;

and Y as shown in figure 4.19 for independent variables x; as shown in figure 4.20. It

provides the spread of the data readings with mean and inter-quartile ranges (IQR). The

project success (Y) parameter is balance without any major skewness. Except the customer

satisfaction (ys), all y; are slightly skewed with marked values generally on higher side.

There are no outliers on any variable as the data points are not widely spread based on

participant’s response.
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The mean and standard deviation are plotted in form of radar diagram for all
variables as shown on figure 4.21. This provides better visualization for clear comparison
between variables in terms of their effect on project success and consistency in results.

Sustainability & Ethics (x4), Human aspects in product design (x7) and Issue
resolution process (x11) are mores consistently adopted as the spread of the data is narrow.
The mean for mean for project success (Y) parameter is 0.31 which is close to zero, which
makes the data more balanced. This is mainly because, the Y parameter is derived from

Principal Component Analysis and contains both positive and negative values.

Insights from initial EDA:

The dependent variables Schedule and Cost are consistent with low variability
(Standard deviation 0.172) and mean 0.752 and 0.773 respectively. Quality (mean 0.8) and
Scope (mean 0.816) have least standard deviation (SD) and higher means, which shows
that the projects were able deliver on scope and quality most of the times. Customer
satisfaction has highest variance with standard deviation as 0.257 and coefficient of
variance (COV) as 0.446, and least mean of 0.577. This means that, the project were able
to deliver well on internal success parameters of scope, quality, time and cost, however the
customer may not have been consistently satisfied. So, building a right product on time
with right quality and cost is an important aspect of project, however building what is
values by customer need to be taken care in projects. This is also evident from the mean,
SD and COV values of overall project success Y.

On independent variables (xi), the COV range is 0.36 to 0.54, which is quite narrow.
The higher COV means more inconsistent performance. Human centered design (x7) and
vision (x3) are strongest factors with least variance & SD and highest mean. Sustainability

& Ethics, Strategy, impediments removal and Automation are relatively weak with slightly
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higher COV and least mean. The factors with relatively highest variation in data are
Governance, Empathy, Growth, Retrospective and Automation. So, it means that, majority
of project success is driven by focus on Human centered design (x7) and clarity in customer

requirements (x5) and product vision (x3).

We can’t quantitatively establish a relationship between x; and project success from
this statistical analysis, as it will calls for a more advance modelling. However, it is clearly
visible that, on these projects, the cultural strengths such as human collaboration and vision
clarity are driving factors. Automation and retrospective feedback loop variance indicates
high inconsistency, which means some project teams incorporates automation and integrate
feedback from retrospective session effectively in the product development process,
however other teams are weak on these aspects. The sustainability and Ethics also shows
inconsistency and weakness on these projects, even though the focus on ESG
(Environmental, Social, Governance) is increasing now a days. Overall, a higher focus on
Empathy, Growth, Retrospective, Governance and Automation can yield better project

success, especially customer satisfaction.

Histograms for all variables:

The histograms are plotted for each of the dependent and independent variables as
shown in figure 4.22. The histogram with mean and median lines are helpful for deriving

insights as it provide information on spread, symmetry and skewness of the dataset.
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For project Scope (y4) and Customer satisfaction (ys), the mean and median
approximately coincides which indicates very minimal skewness and absence of outliers.
For the other yi such as Schedule (y1), Cost (y2) and Quality (y3), the median is greater than
mean, which indicates the data to be slightly left skewed, i.e. a greater number of values
toward the left, but overall clustered towered higher values of right-hand side. Also, in
almost all cases, participant chose to provide values in higher or lower bracket, creating a
clustered data, which also evident from multiple peaks of the histogram. This also because

of the variation in level of governance, team maturity and style of project management

across projects.

Figure 4.22 Histograms for all variables
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For independent variables such as Empathy (x1), Automation (x2), Growth (xs),
Governance (X9), Retrospective (x12) and Integration (x14), the spread and the distribution
of the data is fairly uniform which means there are no dominating values.

On Sustainability and Ethics (x4), Requirement source (xs), Strategy (Xio),
impediment removal process (x13) have mean greater than the mean, which means that, the
data is skewed on the right side with tail of the curve on right hand side. So, higher number
of responses are marked on the lower side of Linkert scale. Whereas, Clarity on product
vision (x3) and Scope definition robustness (xs) have mild skewness toward left which
suggests while many participants have responded as low to medium on these areas, but
majority if the data points are towered very high ratings. The data is mostly normally
distributed for Human-centered Design (x7) and Issue resolution process definition (X11)

which indicate the right central tendency of the data.

Spearman Correlation Matrix:

The Spearman correlation values between various variables are calculated and
plotted as a heat map as shown in figure 4.23. The matrix provides a very rich insights on
relationship between variables. The dependent variables (y;) are strongly correlated with
project success (Y) with a range of correlation values from 0.92 to 0.98, which shows the
effectiveness of the Principal Component Analysis (PCA).

The independent variables such as Impediment removal process (xi3), Issue
resolution process (x11), Strategy (x10), Sustainability and Ethics (x4) has low strength of
correlation with project success variables y; with a range of coefficient from 0.43 to 0.58.
Whereas, Empathy (x1), Automation (x2), Growth (x¢), Human centered design (x7),
Retrospective feedback (x12), vision clarity (x3) and Requirement clarity (xs) are strongly

corelated to project success variable (Y) with range of values from 0.73 to 0.89. They are
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also strongly correlated to dependent variables (yi) especially with Schedule, Customer

satisfaction and Scope parameters.
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Figure 4.23 Spearman Correlation Matrix Heatmap
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Reliability Check (Cronbach's Alpha)

To check the consistency of the data, Cronbach’s Alpha was calculated. For
dependent variables (y;) Cronbach’s Alphas values is found to be 0.961 and for independent
variables(x;) it is found to be 0.970. These values are greater than 0.90 which is benchmark
for consistency (Mohd. Arof et.al., 2018), so the data consistency is excellent. This means
that, the constructs for both dependent and independent variables are highly correlated and
measures the similar underlying dimension, which indicates high statistical reliability. So,

we can use the dataset for further analysis and modelling.

4.12 Multiple Linear Regression (MLR) Model

The Multiple Linear Regression was build using Python code for the dataset for one
dependent variable Project Success (Y) and independent variables (from x; to x14). We
have used Ordinary Least Square (OLS) method to find the best fitting model. It is done
by minimizing the sum of squared difference between predicted and observed values of x;
which are actually influenced by Y.

The output of the model development is shown in figure 4.24. The R? (0.859) and
Adjusted R? (0.852) indicates that, 85% of the project success is explained by 14 variables
(xi), which means the MLR model is very strong. The F-Statistic of 124. 8 and p-Value <
0.05 indicate that the model is highly significant and predictors explain the project success.

The skewness (0.139) is close to zero, which indicates that the residuals are mostly
symmetrically distributed around the mean value. Kurtosis (3.736) is close to 3, which is a
value for normal distribution. Omnibus probability (0.05) suggest very marginal deviation
from perfect normality. Jarque-Bera probability (0.0202) is less than threshold of 0,05,

which shows the mild normality, which could be due to mild skewness to right hand side.
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Durbin-Watson statistic value (1.656) is slightly less than 2, which shows very mild
auto-correlation and perfectly acceptable considering the large dataset of cross-sectional
data. The condition number 48.7 is well below 1000 and shows low to moderate
multicollinearity which is not a serious concern.

Overall, the MLR model is valid and states the key significant variables governing

the project success. It will also ensure the reliable estimation and valid hypothesis testing.

OLS Eegrossion Reswlts
Dep. Varishle: ¥ _Project_Success  F-squared: & 853
Hodel: OLs  Adj. R-sguared: a.852
Wethod: Least Squares F-statietic: 114.8
Date: Thu, 82 Dct 2825 Prok [F-wtatistle): 4,.591s-113
Tima: 16:45:456 Log-Likelihood: -351, 36
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Figure 4.24 Multiple Linear Regression result
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From p-value and t-statistics analysis as shown in table 4.9, it is concluded that
x1 Empathy (p < 0.001), x2 Automation (p = 0.003), x4 SustEthics (p < 0.001),
x6_Growth (p = 0.007), x7 Human (p = 0.042), x9 Governance (p = 0.012), and
x12_Retrospective (p = 0.005) are the most significant factors which contributes to project
success. Considering the high t statistics, Empathy (x1) is the highest contributing factor.
This is because it is directly associated with deeply understanding the customer

requirements, pain & gain. The Human centered design (x7) is a borderline variable as it is

slightly less than 0.05.
Table 4.9 MLR model — Significance Analysis

‘Variable Coeflicient | It] Statisctic
ix1 Empathy £.296
%2 Automation 298
(%12 Retrospective 2.839
6 Growth 2.698
'H_"J‘ Covamance 1327
x4 SustEthics 3.826
?i'?’_i[mnnu B 2,1}3:'9
%13 Impediments - : 1.784
x10_Strategy | 0.0706 0.1 | 131
%5_ReqSource 00765 | 0286 1.069
x8_Scope ) | 0674
(%11 TssueRes 0.628
3 _Vision | 0.462
x14_Integration ' 0.023

Interestingly, out of all the significant variable, Sustainability & Ethics (x4) has
negative coefficient, stating the project success likely increases with decrease in efforts of
on this variable. We need to consider & understand the contextual meaning for this case.

The survey question for x4 was about having dedicated steps in project management
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framework for sustainability & ethics. Generally, for many companies, these steps are
defined as a part of policies such code of conduct policy. So, many participants given low
rating on this variable, even though the project performed well. Also, on the other hand,
although the sustainable and ethical practices are important from long term strategy point
of view, it adds process, overheads, compliance complexity and resource constraints, which
may reduce very short-term project efficiency.

Other parameters such as Vision (x3), Requirement Sourcing (x5), Scope (x8),
Strategy (x10), Issue Resolution (x11), Impediments (x13), and Integration (x14) are not
statistically significant (p <0.05; |t| <2). In practice, these variables may still be important,
however, their unique contribution is limited and overshadowed by other significant
parameters.

MLR Model Diagnostics:

We have trained and tested the dataset using Multiple Linear Regression Model,

and found the R-squared and RMSE values as shown in table 4.10.

Table 4.10 MLR model — Performance Analysis

Metric Training Testing
R? (Coefficient of Determination) 0.845 0.91
RMSE (Root Mean Squared Error) 0.847 0.629

From R-Squared values, the tested model explains 91% variability in the data with
no overfitting. And from RMSE value, we get a small error value of 0.629. This indicates
excellent model performance with high prediction accuracy.

We also plotted the Residuals vs Fitted Values plot as shown in figure 4.25. The
scatter plot is mostly random; however, the red LOESS (Locally Estimated Scatterplot

Smoothing) curve shows a wavy pattern, which suggest a non-linear trend.
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Training R*: B.845
Testing R%: 8.91
Training RMSE: 8.847
Testing RMSE: B.629
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Figure 4.25 Residuals vs Fitted Values plot for MLR Model

So, due to potential presence of non-linearity, we will also build a non-linear model
such as GAM (Generalized Additive Model) model which has capability to capture the

smooth non-linear relationship between x; and Y.
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We have also calculated VIF (Variance Inflation Factor) to calculate multi-

collinearity as shown in figure 4.26 below.

Faaturse VIF
a const 18.780676
1 ¥1_Empathy 7.551236
2 %2_Automation 4.997884
) x3_Vision f.483544
4 ¥4_sSustEthics 3.819831
5 #5_ RegSource d.714835
a x&_Growth 7.875542
7 %7 _Human 4.5286593
B ®8 Scope E.S96885
5 %5 _Governance 5.348959
1 Hl@_htrategy 2.7869561
11 #11 IssuaRes 5.15%&29
12 x12_Retrospective E.42811%9
13 ¥13_Impediments 3.41530866
14 x14 Integration  7.458484

Figure 4.26 Multi-Collinearity Check using VIF (Variance Inflation Factor)

Few variables have VIF score, which indicates very low multi-collinearity. Other
variables have VIF score between 5 to 8, which indicates moderate multi-collinearity.
There is no major issue of multi-collinearity as no variable VIF score is above 10. To dela
with moderate multi-collinearity, we will be building LASSO (Least Absolute Shrinkage

and Selection Operator) regression model.

4.13 GAM (Generalized Additive Model)
To introduce the non-linearity between the independent variables (xi) and
dependent variable (Y Project Success), we have built GAM and observed output as shown

in 4.27.
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Figure 4.27 GAM (Generalized Additive Model) — Partial Dependence Plot Output

The partial dependance plots show the relationship between each independent
variable (xi) with project success Y in isolated manner. x1 Empathy shows a strong
positive linear relationship, whereas x4 Sustainability and Ethics has declining negative
relationship with Y. x7 Human, x6 Growth, x2 Automation and x3 Vision have non-
linear but positive relationship with project success. They specificity with respect to Y such
as Automation picks up at the top where as vision picks up till mid but decline after that.

There are oscillating curves with no specific conclusive relationship for x8 Scope and
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x13_Impediments. The U-shaped curve for x12 Retrospective shows that the mid-level
practices may not yield a great project success. In this way, the GAM model helps to

capture complex non-linear relationship which is not possible for regular OLS models.

Trainlng R2: @&.535
Testing R*: &.912
Trainm RMSE: B.547
Test RMSE: B.622

Residuals (Actual - Predicted)

-3 ~2 | ] 1 i 3
Predicted (Filted) Values

Figure 4.28 Residuals vs Fitted Values plot for GAM model

To analyze the performance of the GAM, we have calculated R2 and RMSC score

in table 4.11, and residual vs fitted plot value as shown in figure 4.28.
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Table 4.11 GAM Model — Performance Analysis

Metric Training Testing
R? (Coefficient of Determination) 0.935 0.912
RMSE (Root Mean Squared Error) 0.547 0.622

The GAM explains 93.5 % (R-Squared) of variation in the data. For testing, it is
91.2 % on unseen data, which shows a strong generalization of the model. The test RMSE
for training and testing data are 0.547 and 0.622 respectively, which are very low.

The Residual vs fitted plot value curve as shown in figure 4.28 shows the residuals
mostly concentrated around the middle line, which indicates unbiased model’s prediction.
The red LOESS curve indicated a small wave pattern, slightly positive for mid-range fitted
values and slightly negative for higher values at the end. This is because the model is trying
capture minor non-linearity. The spread of the residual points shows that the variance is
very low and there are no outliers. Overall, the GAM model is fitting well with very good

performance in handling the non-linearity.

4.14 LASSO Regression Model
The LASSO (Least Absolute Shrinkage and Selection Operator) regression model
was built, which penalizes complexity by assigning zero value to the less important
variables. The result and coefficient path obtained after running the model are presented in

figure 4.29.

102



10

o

Ul

o4

Coaffoents

o

Gty

-3

%1 _Empathy = &.6848
x2_Automation = B,1928
¥3_Wision = B.900a
¥4_SustEthics = -8.1115
x5 _Regiource = B.2809
x6_Growth = 8. 1892
®7_Humsan = @.8781
KE_Scope = -B.8838

K% _Governance = @, 8854
K18_Strategy = @,8894
¥11_IssueRes = B.2080
¥l2_ Retrospective = @.1633
¥13_Impediments = -@.833%9
¥1ld4 Integration = &.8888

Figure 4.29 LASSO Regression — Results and Coefficient Path
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The most influential independent variables are x1 Empathy (B = 0.6048),

x2_Automation (f = 0.1928), x4 SustEthics (f =-0.1115), and x6_Growth ( = 0.1892).

The variables with moderate impact on project success are x7 Human (f = 0.0701),

x9 Governance (f = 0.0864), x10_Strategy (B = 0.0094), x12_Retrospective ( = 0.1633),
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and x13 Impediments (B = -0.0389). Five variables such as x3_ Vision, x5 ReqSource,
x8 Scope, x11_IssueRes, and x14 Integration were dropped based on zero coefficient

value (B = 0). These finding are in alignment with findings from earlier models.

4.15 Robust Linear Regression Model
The robust linear regression smooths out the effect of data points those do not follow the
main trend by reducing the influence of outliers and handling non-constant variance
(heteroscedasticity) in a better manner. We used this technique on the dataset and derived

the results as shown in figure 4.30.

We have used the Iteratively Reweighted Least Squares (IRLS) method along with HuberT
norm, which is suitable for low to moderate outliers. The Scale Estimation method used is
MAD (Median Absolute Deviation) to estimate the residual variability. For robust

estimation, 23 number of iterations were needed so as to refine iteratively to converge.

The dominating variables are x; Empathy (B = 0.6445 and p<0.001),
x2_Automation (f = 0.2154 and p < 0.001), x4 Sustainability & Ethics (f =-0.1839 and p
=0.001), x¢_Growth (B =0.2636 and p < 0.001). In this way, this robust model verifies the

results from earlier OLS output of Multiple Linear regression.
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Robust Iinsar Model Ragression Results

Dep. Variable: Y Project Soccess Ho. Observations: i
Model RLM  BF Reglduals: 283
Method | IBLS OF Hodel: 14
Horm: HuberT
SCale Est.: mad
Cov Type: Hl
Date: Thu,; 87 Oct 28235
Time: 16:5%:20
Ho. [terations: 23

coef std err z Pelz| [@. |25 a.975]
Const =i, 2137 i P e T 27658 0. Bee =-4.51d -3.915%
%l Empathy Q. 65445 .86 8.517 2. 000 2. 4596 0.753
ad_Automat fon 02154 o as7 3.793 B, a8 2. 184 g.327
%3_Wisdon d.0218 e, aal e, 270 . 7ar - 136 (U 2
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x14_Integration -8, 8365 - o.ard o630 -, 168 @.115

Figure 4.30 Robust Linear Regression (RLR) output

4.16 Multivariate Analysis of Variance (MANOVA) Model
The Multivariate Analysis of Variance (MANOVA) technique is used to analyze
the impact of independent variables (x1 to x14) on the set of dependent variables (yi to ys),
rather than one Y variable or each variable y; in isolation. The analysis was conducted using
StatsModel API and libraries such as numpy and MANOVA in Python. The output is

shown in figure 4.31 and 4.32.
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Figure 4.31 Multivariate Linear Model — Tests and Results
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Figure 4.32 MANOVA Regression Model Results



Various multi-variate tests such as Wilks, Pillai, Hotelling, and Roy tests, as shown
in figure 4.31, were performed on the dataset to check whether each predictor (x1 to X14)

significantly explains variation across all dependent variables together (yi to ys).

Based on analyzing that, whether the p value is less than 0.05, we found that:

Significant independent variable (p < 0.05): x1 Empathy, x2 Automation,
x4 Sustainability & Ethics, x5 ReqSource, x6 Growth, x10_Strategy, x12 Retrospective,
x13 Impediments, and x14 Integration. Whereas, the non-significant independent
variables (p > 0.05): x3 Vision, x7 Human, x8 Scope, X9 Governance, x11_IssueRes.

These variables don’t explain much variance jointly across project outcomes.

The summary of all the regression models is shown in figure 4.32. The R? values
are found for Schedule (0.8218), Cost (0.7859), Quality (0.7876), Scope (0.7715),
Customer satisfaction (0.8250). So, it mean, the model is very strong and explains

approximately 77 to 83% of the variance in project success dimensions.

Also, the p values for each of the independent variables (xi to xi4) on every
dependent variable (yi to ys) is plotted as shown in figure 4.33. We have also categorized
and marked the p values less than 0.001 (Most significant), 0.01 (Significant) and 0.05
(borderline significant). It is observed that, the Empathy (x1) is the most significant factor.
Improvement in this one variable will positively impact all five success parameters for

SUCCCSS.
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Figure 4.33 MANOVA — p Value heatmap between x; and y;

The coefficients for these combinations is also shown as a heatmap in figure 4.34.

The coefficients for Empathy are high value and positive.
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Figure 4.34 MANOVA — Coefficient heatmap between x; and y;

The variable Automation (x2) is positive for schedule, quality, and customer
satisfaction (significant in most cases). The process automation reduces delays and errors,
and boost speed, efficiency and customer value. Human centered design (x7) has positive
impact on schedule and cost of the project, as it reduces the rework and increases delivery
speed. Growth (x¢) has a strong positive value for schedule, quality and scope but less
consistent for others, which reflects strong scope documentation as a part of growth
strategy. The program governance (X9) is significant for cost, quality, and customer

satisfaction. Strong governance results into discipline and outcome assurance. The
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feedback integration in process from retrospective meetings (x12) is significant for cost and

schedule. Such continual learning loops improve efficiency and cost control. The

sustainability & ethics (x4) is unique as it is significant for all five yi, however, it has

consistently negative coefficients. This might suggest that, organizations perceive

sustainability and ethical practices as resource-consuming, slowing delivery or adding

costs, even if they have strategically long-term benefits. Also, the steps for sustainability

and ethics are generally defined as a corporate policy on code of conduct.

4.17 One-Way ANOVA
One-Way ANOVA (Analysis of Variance) was conducted on the project dataset

and found the results as shown in figure 4.35 below.

Sum_sq o f F PR{>F)

Cixl Empathy) 1143.213734 5.8 274.562447 T.0l21@7e-109
fesidual 296429937 296,80 EL LEL
sUm_sq df F FRL>F)

C{x2 Automation} 9S88.335234 C.8 145.7738% 1.228735e-77
Residual 421.373436 2896.0 HaN Mah
sum_sq df F PR{»F)

C{x3 Vision) B825.972957 E.8 B86.738516 6£.423847e-56
Residual 563.735713 296.@ NaN NaM
sum_sq df F PR{>F)

Cix4 SustEthics) G548.358152 5.8 38.587875 1.983712e-38
Residual £841.318518 296.8 Hah Bak
sSum_sq df F PR({>F)

C{x5 RegSource) 774.928522 5.8 74.819e8 2,1Bl9BBe-58
Residual E14.78R148 2926.@ NaN Nak
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SUm_5Q df F PR{>F)
C{HE_Grﬁuth} 1858, 481934 .8 198,.638156 2.597673e-54

Residual 329.386736 296.8 Nan Nah
sum_sq df F PR({>F)

C({x7_Human) 845.%28585 5.0 92,891916 2.217627e-58
Residual 543.788165 296.8 Mah HaN
sum_sq df F PR{>F)

C{x8_Scope) 597.7485395 5.2 44,.581401 2.814591e-34
Residual 791.968075 296.8 Hak Mah
sSum_sqg df F PR(>F)

C{x2 Governance) 7EE.3B548 5.8 7F7.144578 1.482148e-51
Residual £83.48319 296.6@ Wah Mah
sUm_sq df F PR *F)

[{nlﬂ_StratEgy} 487.318591 5.8 31.963833 5.188325%e-26
Residual 982, 398879 296.40 Makl [ EL
Sum_sq df F PR{>F}

C{x11 IssueRes) 522.B69487 .8 35.7688% 1.4786828-28
Residual BE6.B39183 296.0 Nah Hah
SUm_sq df F PR{»F}

CixlZ_Rebrospective) 1095.408717 5.8 157.131221 4.330775e-81
Residual 3I80.299953 296.9 Hak Hah
sum_sq df F PR(>F)

Ci{%13 Impediments) 357, 355364 £.8 2B.492435 1.441931e-17
Residual 1932, 353386 206.9 Hal Hah
sUm_sq df F PRY{ »F)

C{xl4_Integration) 725.88631E 5.8 64.734895 1.6594738e-45
Residual BE3. 822352 2196.8 Hah EL
sum_sq df F PR{>F)

C{Method) 934.561713 77.8 5.97329 5.82786Be-26

Residual 455.146958 224.8 NaN Hah

Figure 4.35 One-Way ANOVA Result
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The p values for all the 14 variables are less than 0.05, so all the independent

variables (x;) significantly impact project success (Y) at 95% confidence interval.

4.18 Structural Equation Modeling (SEM)

We ran the SEM (Structural Equation Modeling) model and the output is shown in
figure 4.36. The output shows how the independent variables (x1 to x14) influence the latent
variable of Project Success (Y), and how in turn it affects each of the observable sub-
dependent variables (yi1 to ys). Here the latent variable is Y which is being predicted by
independent variables x; to xi4. The sub-dependent observable variables yi to ys are

outcomes that measure the project success.

In the outputs as shown in figure 4.36, the ‘lval’ is a left-hand variable which is a
dependent variable and ‘rval’ is a right-hand variable which is independent variable or
predictor. The ‘op’ is an operator, for which single tilde sign (~) means regression or path
from rval to lval, whereas double tilde sign (~ ~) means variance (if rval = lval) and
covariance (if rvals # lval). The ‘estimate’ is path coefficient for effect size from rval to
lval (positive effect for positive sign and negative effect for negative sign). The ‘std. error’
is standard error for the estimate. The ‘z-value’ is the measure of significance and ‘p-value’

is the significance of estimate (significant if p > 0.05).

The variable with significant positive effect (p value > 0.05 and positive estimate)

are: xi; Empathy, x> Automation, Xxs Growth, x7 Human, x¢ Governance, and

x12_Retrospective. The project success increases with increase in these variables.
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lval op rval Estimate S5td. Ere z-value p-value
@ project_success  ~ x1 Empathy @.858829 B.@BE23 B.159225 6.8
1 project_success ~ ¥l _Automation &,814187 B.BB4EER  3.81TE33 O, 882485
1 projeckt_success ¥3_Vision -8.00Z414 0.PEEER -0, 365216 @, Ti4943
] project_success - wd Sustfthics -0.215284 &, pdd4413 -3 4449315 8, 800571
4 project_success o~ n5_Reghource -8.085431 8.085TES -B.54EVIZ @, 342762
5  project_success e Growth ©.81317% 8.0085942 1.13474 B,015434
] project success L AF Human @ . 8131%4 4. BBSEEE 2.533TA55 @, 8104%5
7 project_success - Wl _Scopp -9 HHEldd A MBEIET -8 9TTiZS @, 328585
] project_success aa % _Governance @.813686 6.B853L9 2.573873F B ploBaE
] project_success u w18 Strategy @.886T47 B BBhd3I13 1.5644E @, 11778%
18 project_SUCCess a kll_IssueeRes ®©.823875 8. 8B5787 B.5338437 @, 50EEAS
11 project_success =~ X121 _Retrospective B.BL576E B.BESAZS 2.%06504 &. BR3ESS
12 project_success ~ wld_Impediments -8.906%15 6.004685 -1.58011E & 1313581
13 project_success =~ ¥14_Integration -@.88335% @.086335 -8,.531893 8. 585354
14 vl _Schadule =~ project_success 1.D8PERE - - -
15 yd_Cost - project_success B _ODAREE A ATAZEE 4B GIEE4E B.R
1s w3 Quality " project_succass O, T7T75EE3 8.0814775 E3 _E131081 .|
17 yd Seape o~ project_success. @ TIEBEE ®.823371 30 ESEEIZ .8
18 ¥E_Cuskomer ~ project_success 1.449853 @, 03587 41 448317 .8
19 project BULCBEE -~ project_puccess @,883538 B.BEEIET 18, Tlecdd a.m
28 y1_Schedule - ¥yl Sehedule @.88144% 6. BBELEG B. 751358 8.8
21 yi_Cagt - yi_Cest @.981906 0008204 G.TEI4dED 8.0
n ya_Quality - y3_Quality ©.000515 0.000182 8.515166 e.a
23 ya_Scope s v Scope @,.8937533 B.8PE3IZZ  1L1.6B3655 B.B
24 v& Customer = w& Customer 6. 687133 B.BEBEE 18, 3A4405 8.8

Figure 4.36 SEM Output

The sustainability and Ethics (x4) has p value of 0.0005, but the estimate coefficient
is -0.0152, so the effect is negative, which means, as x4 efforts increases the project success
reduces. The x19_Strategy is very marginal as its p values is 0.076 close to 0.05 at 95%
confidence interval. Rest of the parameters are not significant and has no effect on project
success Y.

For project success to outcome variables, the y1_Schedule is estimate is 1 because
it is fixed to latent variable scaling and rest of the four y; will be compared with respect to
it. All four outcomes y2 Cost, y3_Quality, ys Scope and ys Customer satisfaction have p

value < 0.001 and positive estimate coefficient values. So, the project success has strong
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positive relationship with all the sub-dependent variables. Overall, the SEM model is

strong and the insights derived are in alignment with other models.

4.19 Random Forest Model

The Random Forest Model is a machine learning technique to predict or classify
based on the integrating results from many decision trees. Since many decision trees are
considered, the strength and accuracy of the model are high for classification of
independent variables based on importance with respect to project success.

We ran Random Forest model on our dataset and fetched output in form of feature
(x;) importance graph as shown in figure 4.37.

It is observed that, x; Empathy variable contributes highest at the rate of 66.2 %
for project success Y. If we consider top factors contributing approximately 80% of impact
on project success, there are three factors: x; Empaty (66.2%), x12_Retrospecive (9.1%),
and x2 Automation (3.9%). This means that, with greater focus on empathizing and
understanding customer needs and wants, the software projects have greater chance of
success. Also, integrating lessons learnt from retrospective sessions back in project
execution and introducing project process automation also contributing positively to
project success.

Two more additional factors which contribute additional 5% success are
x9_Governnce (3.9%) and x¢_Growth (2.2%). So, focusing overall program governance,
and growth and scale-up strategies right from the start of the project also positively

contributes to the project success.
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Figure 4.37 Random Forest Model — Feature Importance Graph

The RF model performance is measured via Actual vs predicted plot, and residual
plot as shown in figure 4.38. The spread of the predicted value with respect actual values

of test data is very much aligned and there are no major deviations.

Random Forest {Tralning) Besults:
B Score: B.9853
EHSE; @, 2688
Random Forest {Test) Results:
B! Seora: B,5523
RHSE: &. 4572
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Random Forest Modal: Actual vs Predicted
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Figure 4.38 Random Forest Model — Performance

Coefficient of variance (R?) and RMSE error scores are calculated using Python

code and shown in table 4.12.
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Table 4.12 Random Forest Model — Performance Analysis Metrics

Metric for Random Forest Training | Testing
R? (Coefficient of Determination) 0.9853 0.9523
RMSE (Root Mean Squared Error) 0.2608 0.4572

The error in predicted test data is very low and model explains 95% of variance in
the tests data. Overall, the Random Forest model built has a very good performance in

predicting the project success based on input x; variables.

4.20 XGBoost (Extreme Gradient Boosting) Model

Extreme Gradient Boosting or XGBoost model is a type of machine learning
algorithm used for classification i.e. predicting categories in the data as well as regression
i.e. predicting numerals. It uses gradient descent technique from mathematics to minimize
errors and adjust the decision trees to improve decision at each step.

It starts with one run to get average value, finds error for the predicted output and
then re-run the model to fix the error. This is done multiple times iteratively to get a more
accurate and optimized model.

XGBoost analysis was conducted on the project dataset and a feature importance

graph was obtained as shown in figure 4.39 by using classification algorithm.
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Figure 4.39 XGBoost Model — Feature Importance Graph

It is found that, the x;_ Empaty (64.15%), x12_Retrospecive (15.18%) are most
important factors contributing 80% of project success. x9 Governance (4.7%),
x2_Automation (3.5%), and x¢_Growth (2.9%) are additional factors to push the project
success to 91.17%. These results are aligned to Random Forest model except the fact that,
XGBoost model has periodized x9 Goveranance over x> Automation. Overall, this
iterative process used in algorithms made XGBoost model very strong and accurate to
predict the most important feature which positively impacts project success Y.

XGBoost model performance is measured by plotting the predicted data points with

respect to the actual values and observing the deviation as shown in figure 4.40.
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Predicled Project Success

Figure 4.40 XGBoost Model — Performance
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The deviation of the predicted value from actual test data is very minor, also the

residual plot has a very good scatter of data points. It indicates very good model efficiency.

Table 4.13 XGBoost Model — Performance Analysis Metrics

Metric for Random Forest Training | Testing
R? (Coefficient of Determination) 0.9994 0.9106
RMSE (Root Mean Squared Error) 0.0524 0.6260

The model performance metrics such as R2 and RMSE are also fairly good showing

low error in prediction and better explanation capability of variability in the dataset.

4.21 Support Vector Regressor (SVR) Model

Support Vector Regressor (SVR) is a machine learning model which is used to
perform regression to predict a continuous variable such as project success value. It draws
a line or a plane very similar to Support Vector Machine (SVM), but to fit the datapoints
while increasing the accuracy.

The line fitment differs from liner regression (which try to fit the line as close as
possible to maximum data points). SVR create a tube type enclosure, which is called as
tolerance margin which include variety of datapoints with certain minimized error. The
points which are inside are not penalized and points outside the margin are penalized. SVR
focuses on the points on the margin, which are called as support vector and these points
finally define the end model. In this way, SVR creates a generalized model by creating a
simple line as flat as possible by optimizing to include as many points as possible in the
margin.

We split the data into train and test categories. Then learnt the scaling parameters
from training data and then applied the same scaling to test data. After running the model,

we found performance parameters as shown in figure 4.41
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YR (Training) Results:
R Score: @.9275
RMSE: @.5797

SVR (Test) Results:

BRI Sfore: @.0540
HMSE: ©.4445

SVR Model: Actual vs Predicted
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Figure 4.41 Support Vector Regressor (SVR) Model Performance
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The accuracy performance of the model is shown in table 4.14. The model explains
95.49% of the variance in project success and average project performance prediction error

is very low as 0.4445.

Table 4.14 Support Vector Regressor (SVR) Model Performance Metrics

Metric for SVR Training | Testing
R? (Coefficient of Determination) 0.9275 0.9549
RMSE (Root Mean Squared Error) 0.5797 0.4445

Based on Actual vs Predicted values graph and residual plot as shown in figure 4.41
and performance values from table 4.14, we can conclude that, the testing performance of
the model is even better in the unseen data. The model has very good fit and good project

success prediction.

4.22 Multi-layer Perceptron (MLP) Regressor Model

Multi-layer Perceptron (MLP) Regressor is a type of ANN (Artificial Neural
Network ) to predict the continuous target variable. It does not classify to share important
independent variable, but rather has the ability to predict the quantitative performance of
the project based on input test data.

The multi-layer, here means, there are multiple layers of neurons (simply
processing units). Each neuron take data input of independent variables (x1 to Xi4), then
applies weights and biases, then process it through activation function, and finally send it
to the next layer.

At each layer, the model predicts the output (Y), compare it to the actual Y, find

error value, and adjust the weight accordingly. This is repeated at each layer to improve

123



the performance and reduce the error. The final layer provide the final predicted

performance value Y.

MLP (Training) Results:
R¥ Scora: @.9950
RMSE: 8.11956

MLP (Test) Results:

R? Score: 8.9528
RM5E: @.4549
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Residual Plot for MLP Model
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Figure 4.42 Multi-layer Perceptron (MLP) Regressor Model Performance

We ran this model on our survey dataset and observed the performance as shown
in figure 4.42. The performance parameters such R2 and RMSE values are summarized in

Tabe 4.15.

Table 4.15 Multi-layer Perceptron (MLP) Regressor Model Performance Metrics

Metric for MLP Training | Testing
R? (Coefficient of Determination) 0.9969 0.9528
RMSE (Root Mean Squared Error) 0.1196 0.4549

MLP regressor model worked very well for our non-linear data and was able to
provide very good interaction between the variables. The model’s prediction accuracy is

also very high and similar to SVR model.
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4.23 SHAP (SHapley Additive exPlanations) Model
SVR and MLP regressor models are great at predicting the project performance Y,
do not readily provide the quantitative impact of independent variable xi on project success.
So, we have used the MLP regressor split (train and test data) to derive feature importance

using strong SHAP algorithm.
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Figure 4.43 SHAP- Summary Global Feature Importance Plot
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SHAP (SHapley Additive exPlanations) is not purely a model, but rather it is a
model-agnostic explainability framework which helps to understand how each variable
impact the predicted target variable. The SHAP concept is taken from Game Theory, where
the Shapley value measures the contribution from each player to the total payoff. In our
case, the players are independent variables (xi) or features, and the total payoff can be
considered as project success (Y) or predicted value. In short, it indicates the factors which
increases or decreases the predicted project success score and in what magnitude.

We used, the SHAP Kernel explainer as the earlier MLP regressor is not a tree-
based (needed for feature importance and categorization) algorithm. After running the
SHAP algorithm, we got the output as shown in figure 4.43 and 4.44.

The global feature importance plot shows the SHAP value for each x; which is
magnitude of impact in project success Y. It shows variation in impact of each variable and
its interaction with other variables. It shows the most positively impacting parameters are
Empathy, Automation, Integration, Growth, Retrospective and Vision.

The Figure 4.44 shows the force plot for independent variables which indicates
local push (positive) and pull (negative) on project success Y. Apart from the positively
impacting feature as mentioned above, the Sustainability & Ethics variable and

Impediment variable are significant but have negative effect on the project success Y.

2%

NED N S

Figure 4.44 SHAP- Force Plot
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Figure 4.45 SHAP- Feature Interaction Pair Plot
The pair plots for feature-to-feature interaction are shown in figure 4.45. It shows
a team with high empathy and higher level of automation performs best for project success.
The empathy and automation pair indicates the machine-human interaction
strategy. For the process factor, a great growth strategy with good process to integrate
lessons from retrospective in project plan performs better. Whereas on strategic factors, the
higher focus on requirement collection with moderate product vision helps in predictable
project success. The negative influence of Sustainability & Ethics, and impediments

removal process is clearly visible form the graph.
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SHAF [Training) Results:
R2 Score: B.9752
AMSE: @,3383

SHAR (Test) Results:
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Figure 4.46 SHAP - Model Performance

The model is very strong as shown in figure 4.46 with actual and predicted values

closely aligning, low error and good R-squared value.
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4.24 LIME (Local Interpretable Model-agnostic Explanations) Model

LIME model-agnostics explanation technique like SHAP and is not exactly a
typical model. It explains the predictions done by black-box models such as SVR, RF,
ANN etc. It pick one instance of data point for explanation, create a synthetic data point,
then runs our existing trained model such SVR on that synthetic data point & prediction. It
fits the local interpretable model and then explain using the simple local linear model using
coefficient of the governing factors.

We ran LIME algorithm and obtained the output as shown in figure 4.47. It shows
the list of features with feature condition range and weight. If the weightage is positive,

then it pushed the prediction up and vice versa.
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Figure 4.47 LIME - Model Output
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The model performance in terms of R2 and RMSE value is exactly same as SHAP

model, as we are not building a very new model, but explaining the existing black-box

model.

Based on the feature condition range and weightage, we have analyzed and listed

insights for each of the independent variable as shown in table 4.16.

Table 4.16 LIME Algorithm — Output Insights

Resolution)

Feature Range | Weight | Interpretation
3 Very strong positive influence. High

x1_Empathy 4-3 0.83 empathy results into project success Y.
< Automation =5 0.65 Strong posmye impact. More automation

- improves project success.

Negative effect. Low focus on scope

x8_Scope 4-5 | 026 slightly reduces Y.
x9 Governance 3-5 0.22
x3_Vision >5 0.16
x14 Integration 3-5 0.16
x6 Growth 4-5 0.15 o o

= Moderate positive values help in slightly
x7_Human >5 0.13 boosting project success.
x4 SustEthics
(Sustainability & Ethics) >4 03
x5 ReqSource B
(Requirements Sourcing) 33 0.11
x13_Impediments 3.5 0.09 Negative Welghtag§. nge 1mped1rpents

reduce success, which is very practical.

x12_Retrospective 4-5 0.06 | Provide small but positive contribution to
x10_Strategy 3-5 0.06 | Success.
x11 IssueRes (Issue =5 0.06 Minor negative, due to absence of formal

issue resolution process.
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Overall, the LIME algorithm helps to explain the predictions with level of influence
of each of the variable on target variable. The significant variable and their magnitude are

quite aligned to the previous models.

4.25 Decision Tree (Supervised Learning ML Model)
Decision Tree is a supervised machine learning model which helps in predicting Y
for given set of x; by splitting the data based on conditions. We built and ran the decision

tree model and obtained the output tree model as shown in figure 4.48.
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Figure 4.48 Decision Tree Model Output

The root node is x;_Empathy with threshold value <= 3.5 and average predicted
value as -0.07. It is further split into left branch of x2 Automation based on condition
x1_Empathy <= 3.5 (True condition) and left branch x12_Retrospective based on condition
x1_Empathy > 3.5 (False condition). And similarly, the subsequent nodes are split into

branches based on decision rules.
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We analyzed the decision tree for decision rules, threshold at each node and

obtained insights as shown in table 4.17 for specific impact on project success along with

line of reasoning.

Table 4.17 Decision Tree — Output Insights

. ) . . Impact on
Variable (xi) Analysis/ Reasoning Project Success Y
x1_Empathy Root Node split. Impact almost all predictions Very High

x12_Retrospective

Early split in high-empathy branch

Medium-High

x2_Automation

Early split in low-empathy branch

Medium-High

x6_Growth

Split in high-empathy branch

Medium-High

x3_ Vision

Leaf node in high-empathy branch

Medium-High

x5 ReqSource Split in low-empathy branch Medium
x13 Impediments Appears in both branches Medium
x7 Human Mid-level split Medium
x11 _IssueRes Very small sample size of 3 Low
x8 Scope Leaf node in growth branch Low

From decision tress, it is concluded that, the most significant variables are Empathy,

Automation, Retrospective, Growth and Vision. Moderate drivers are Requirement source,

Human centered design, and Impediments process. Rest of the factors do not impact

significantly the project success.

4.26 Rule Mining (Unsupervised Learning ML Model)

The Rule Mining is a type of unsupervised machine learning model, which tries to

find interesting pattern or relationships in the dataset without pre-defined labels or rules. It

finds association such if- then, for example, if A (Antecedent) — then B (Consequent).

After running the rule mining algorithm on our dataset using Python code, we got

the output as shown in figure 4.49.
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Figure 4.49 Rule Mining Model Output

To interpret the result of rule mining for first output line, ‘xg_Scope High’ means
if the scope is high (Antecedent) — then ‘xi; IssueRes High mean issue resolution
variable is also high (Consequent). The support of 0.2781 indicates, fraction of records
where this set of antecedent and consequent occur simultaneously in 27.81% of all projects.
Confidence value of 0.8841 indicates, if the xg_Scope is high, then there is 88.41 % chance
that the x11_IssueRes will also be high. Lift of 2.87 indicates that the x11_IssueRes has 2.87
times occurrence if xg_ Scope High is true than just by chance. The lift values are positive
for all cases, so it means there is positive association.

In summary, xg Scope, x11_IssueRes, x; Human, x; Empathy, and x3 Vision are

the most significant factors impacting the project success Y positively.

4.27 Summary and Conclusion of All Statistical Models
We have built 15 models with variety from statistical models, ANOVA, Regression
models to advance Machine Learning models etc. The models were fundamentally built to
serve 2 purposes — To predict the performance of the project for given input parameters,
and to understand the most significant independent parameters which contributes to project

success (Y).
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Table 4.18 Summary of model performance parameters
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To access the prediction quality of the models, we have calculated R? and RMSE

values for train and test data. We have also plotted Residual vs Fitted Plot and Predicted
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vs Actual Y Plot. We also studied F-Stat and VIF (Variance Inflation Factor) for selected
model. The results are summarized in table 4.18.

All the models have very low error value (< 0.62) and very high R? values (> 0.91).
Based on highest R? values and least RMSE values, the top performing models are Support
Vector Regressor (SVR), Multi-layer Perceptron (MLP) Regressor, Random Forest Model
and SHAP (SHapley Additive exPlanations) Model. The Residual vs Fitted Plot has good
fit for all models, with no outliers and very low variance. The Predicted vs Actual Y Plot

shows good alignment of predicted results with actual project success values.

Table 4.19 Summary of Significant parameter from models
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The summary of significant parameters from each of the model is shown in table
4.19. The seven parameters are concluded to be significant based on statistical significance

(p value) and strength of the coefficient (p).

We also checked the frequency of occurrence of each of the independent variables

as shown in table 4.20

Table 4.20 Summary of Significant parameter from models

Fesian Octurrence
x1_Empathy 12
x2_Automation 11
x6_Growth 10
x12_Retrospect 7
x4_SustEthics 5
x7_Human 5
x9 Governance 5

3
x8 Scope 2
x3 Vision 1
x5 ReqSource 1
x11 IssueRes 1

From the summary of all the models, it can be concluded that, the most significant
variables which governs project success are: x1 Empathy, x2 Automation, x6 Growth,

x12_ Retrospect, X7 Human, X9 Governance and x4 SustEthics.
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4.28 Mathematical Model based on significant variables
From Multiple Linear Regression model, we can derive following equation for

these parameters:

n
Y= ,6’0+Z,8ixl-+ 6
i=1

Y= Bo+ Bix1+ Baxz + Baxz+...Prax1a + 0
Where,
Y is dependent variable i.e. project success
Po is intercept i.e. constant term
p; are coefficients of each of the independent variables
x; are independent variables
0 is error value

n=1,2,4,6,7,9,12

Static Project Success Equation:
Substituting values from Multiple Linear Regression Analysis result, we get the

following Static Project Success Equation,

Y = —4.1769 + 0.643 x, + 0.173 x, — 0210 x, + 0.2 x4 + 0.144 x, + 0.168 xo
+ 0.192x,, + 6

This is a linear static equation in a steady state equilibrium of the system of project
at a given point of time. Here, it is assumed that, the variable change in linear fashion and
the statics variable are input to the project success equation showing project performance

a fixed point of time.
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Dynamic Project Success Equation:

However, in practical scenario, the team actually learn every day, the maturity of
systems such as automation increases every day, the learnings are integrated into
organizational processes.

So, a dynamic model is needed in which variation of the project performance is
considered over time period, as the project performance Y actually evolves over time. So,

using ordinary differential equations (ODE), a Dynamic Project Success Equation can be

defined as:
n
dY
== D axm®—yr©+ 9®
i=1
dY
FTie a1 x1(0) + azxz(8) — agx4(t) + aexe(t) + azx;(0) + aoxo(t) + aizx42(t)
—yY(@®) + 9()
Where,

t is time

Y(t) is cumulative project success over time t

2—1; is rate of project success with respect to time t

a; is Effect Coefficient i.e. the degree of empirical effect of x; on Y

x; are independent variables

y is a Diminish Constant which indicates negative factors such as team fatigue,
technical debt, diminishing return, system entropy etc.

J is an external uncontrollable event such as market dynamics, random noise,

unforeseen event, natural calamity etc.
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If we substitute variable values and solve this ordinary differential equation, there
are 3 possible solutions as follows:

d C I . )
1. If d—i = 0, then the project is in state of equilibrium. This result is same as

Static Project Success Equation
ay . . . )
2. If e 0, then the project performance is constantly improving. For example,
the team is learning faster, able to close stories faster, development velocity is

increasing, the cash inflow is increasing with time etc.

3. If 2—1; < 0, then the project performance is decaying or degrading over time.

Non-Linear Dynamic Project Success Equation:

The earlier equations are linear as shown below:
n

Y = ,6’0+Z,8ixl-+ 0
i=1

This is linear because the relationship between x; and Y is constant and has
additive property, there is no interaction between variable, i.e. one variable does not
influence other, and there is no diminishing return.

However, practically this does not happen. There is always a non-linear
interactive relationship.

So, introducing the interaction term, we get,

n n n
Y = ,80+Z,8ixl-+z Z yl-jxixj+9
i=1

i=1 j=i+1
Where,

B; is individual direct contribution coefficient for each variable x;

Hij 1s an interaction coefficient between variables x; and x;

x;x; are cross terms between which, the interaction is established
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For example, p1,%;x, indicates interaction between x; (Empathy) and x,
(Automation). A positive interaction indicates better U/ UX design, ease of product use,
less rework and faster delivery.

We need to show, how success is evolved dynamically along with non-linear

interactions, so, adding dynamic effect to this equation, we get

Z_: N Zn: @ () + Zn: Zn: pixi()x(8) —yY ()

i=1 i=1 j=i+1
Where,
a; is rate of effect of x; on Y
Wi; is dynamic interaction effect i.e. amplification or dampening interaction

between x;(t) and x;(t) over time.

yY (t) is an external uncontrollable factor of natural decay

Over time, the non-linear growth saturates. For example, retrospective i.e.
learning feedback diminishes after prolonged time, as system and team become more
mature. So, the satur;tion of each effect is,

i

flx) = Tklxl
Where,

f (x;) is effective contribution of the variable to the project success.

k; is saturation coefficient i.e. quickness of saturation effect. k; > 0

When x; is small, f(x;) = x; (Linear)

When x; is large, f(x;) = ki (Saturated)
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For example, in real world project, even if focus variable such as retrospection,
governance, Sustainability are increased to large extent, their contribution first increase

but, at the top, it diminishes and do not add any further value.

Substituting this into the above dynamic question,

Cc% N Zn: i <1-|—xlk—(lt)3l(t)) + Zn: Zn: pyjx (D) (8) = yY (£)

i=1 i=1 j=i+1

This final equation indicates project success over time including effect of
independent variables over time, their saturation point, effect of dynamic interaction

between variables, effect of any external variable.

Overall, the models built are accurate on predicting the project success for given
input governing independent variable and shares critical independent variables which
impacts project success. Further the mathematical model also shows the effect of non-

linearity, variable interaction and saturation.
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CHAPTER V:

DISCUSSION OF RESULTS AND MODEL BUILDING

5.1 Discussion of Results, Factor Analysis and Deep-Thinking Exercise

From detailed data analysis and insights from statistical and Machine Learning

models, we have observed that, there seven independent variables which significantly

contribute to the software development project success. For each of the factor, we analyzed

the implication and accordingly decided which type of methodology can be integrated into

the project management process for software. These seven factors, their implication and

concluded methodology are summarized in the table 5.1 below:

Table 5.1 Factor Analysis and Methodology Conclusion

#

Factor

Implication from survey rationale

Methodology

x1_ Empathy

Clarity on Customer Requirements: The team
deeply understands the customer’s problem by
empathizing on their needs before beginning of
development work.

Design Thinking

x2_Automation

Project Process Automation: The project
management/ development process is highly
automated with full automation in flow,
development, testing, deployment to production
environment.

DevOps

x4 SustEthics

Sustainability & Ethics Strategy: The project plan
includes clearly defined steps to address
sustainability and ethical considerations. The focus
is on sustainability of the business for very long
time rather than just immediate success.

System Thinking/
Engineering

x6_Growth

GTM, Growth & Scale-up Strategy: At the start of
the project, the team clearly defines the plan for Go-
To-Market (GTM), Growth, and business Scale-up
in the future.

System Thinking/
Engineering
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# | Factor Implication from survey rationale Methodology

Human-Centred Design: While designing the
product or service, there is a strong focus on

5 | x7_Human Usability & Human aspects to make the product Design Thinking
more user friendly.

Strength of Program Governance: There is a formal
program governance process for planning,
execution, and tracking, including risk and change
management practices, templates, and team
religiously follow the process. This methodology is
applicable for any type of product development
process.

6 | x9 Governance Agile

Lessons Learnt Feedback Loop: The team perform
build-measure-learn cycle in initial phases of the
project. The retrospectives and lessons learnt

7 | x12_Retrospect | reviews are effective and the team effectively track | Lean Startup
actionable items and integrated back into the
project.

Considering the resulted methodology, a Deep-Thinking session with a whiteboard
was conducted. The result of the session is shown in figure 5.1. We plotted conceptual
diagrams for each of these methodologies using key concepts. Then a high-level thought
was given on how to organize these techniques. A more integrated, adaptable and iterative
approach was chosen.

Substantial time was spent on thinking about ways to avoid waterfalling the
methodology. For example, the sequential nature of current design thinking methodology
can be avoided by introducing the agility and iterative development flow in the method. A
great way to achieve is to introduce lean, Human Centered Design, Early hypothesis testing
by feature validation, and product vision flows between Design thinking framework and

Agile methodology.
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Figure 5.1 Deep-Thinking Session Whiteboard Result




During literature review, while studying of various existing models, it was observed that,
the project initiation activities before start of the project and business scale-up, growth and
sustainability activities post project are not properly integrated in existing models. So,
accordingly a conceptual high-level model was drawn. Various modelling techniques were
studies such as Abstract, Blocks, Mathematical, Circular, Spiral and Hexa models. Going
ahead, we will build model progressing using one or combinations of the techniques. A
dedicated brainstorming was conducted to decide, apart from the modelling techniques,
what other elements should be part of the model. We concluded that, the model should also
include the Deliverables, Activities, Roles of team members, Ceremonies, Techniques and

Flow.

5.2 Model Building

The model was build using progressive model building technique as shown in
figure 5.2. In step 1, it starts with overall flow of building a product. Here the process start
with exploratory work of problem followed by defining what problem to be exactly solved.
We also need to make sure that we are solving the right problem and problem will be
desired by the customer. Then we set-up the hypothesis, assumption and find the very
initial solution to the problem at hand and test the solution quickly.

Once our initial solution is desirable, feasible and viable, we start full-fledge
product development process. Finally, we explore opportunities to grow the business
further. All the potential stages groups the subtasks as highlighted in different colors in

figure 5.2.
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Figure 5.2 Step 1 — Overall logic flow of building solution/ product/ business

Then in step 2, we progressively added the methodologies for each of the potential
stage as shown in figure 5.3. The process starts with problem exploration, in which, the
focused view helps to uncover the user needs. Design Thinking (DT) technique is suitable
for this purpose. For broader level view of the ecosystem, System Thinking (ST)
methodology is added. Once the needs are explored, the team should focus on defining
exact problem to be solved. A combination of design thinking and Lean Start-up (LS)
philosophies are used in this phase. Once the problem is defined, the initial solutions,
hypothesis and assumption are rapidly validated.

We also need to make sure that we are solving the right problem i.e. the solution
offered should solve customers problem and it should be desired by the customer. For this,
in the third phase Lean Start-up (LS) methodologies are used along with balance of other
methods. The Build-Measure-Learn loop of lean Start-up helps to rapidly validate the
business model, solutions. Then once the feasibility, desirability and viability of the

solution is tested, a full development cycle is needed to deliver the solution product to the
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customer. For this Agile Methodologies (AM) are best approach to deliver efficiently,

iteratively.
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Figure 5.3 Step 2 — Progressive Modelling Work
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Finally, the methodologies are logically grouped and phases are named for each
group in step 3 of stage grouping, as shown in figure 5.4. The very first stage which
includes Design Thinking and System Thinking is ‘Discover’. The second stage for
problem definition which uses the Design Thinking and Lean Start-up is named as ‘Define
and Validate’. The third phase is ‘Incubate’, which involves lean start-up with balance of
other methodologies. The fourth phase is ‘Iterate’ which predominantly use agile

methodologies to deliver the product incrementally to customer. The final stage is

(aped®

‘Systemize’ to grow and scale-up the business further.
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Figure 5.4 Step 3 — Stage Grouping
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5.3 Lean Agile Design (LAD) Model
By using the progressive model building technique as explained in previous section,
we defined the five key stages of model. These five stages when performed in logical
sequence iteratively constitute the Lean Agile Design (LAD) model. The LAD model is
presented at two levels — Abstract and Block. The Abstract model is shown in figure 5.5.
The infinity loop encompassing the five phases indicates the agility, speed and non-

waterfall nature of the model.

[}

Define & Validate

&

Incubate

F |
=
)

lterate

=&

Discover

Figure 5.5 Lean Agile Design (LAD) - Abstract Model

A detailed model in form blocks and connecting flows, as shown in figure 5.6, was
also developed to show the flow of the various stages of lean Agile Design model. The box
model is created to describe the stages and flow in a simple manner and it is neither a

waterfall model nor indicates the sequential nature of activities.
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The very first ‘Discover’ phase is predominantly for understanding the opportunity
landscape, appreciate the larger ecosystem and uncover user needs. The focus here not just
on understanding the customer needs and wants, but also to have system level overview of
the product offering, customer problems and market opportunity. So, Discover is the first
event in creation of problem space. The methodologies used here are predominantly

System Thinking (ST) and Design Thinking (DT).
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Figure 5.6 Lean Agile Design (LAD) — Block Model

The second phase ‘Define and Validate’ is for converging the study to define the
exact problem, and test and validate the solution assumption rapidly. This is the second
phase of the problem space, which focuses on rapid experimentation to mitigate early risks
on potential solution to the customer problem. This phase predominantly use Design

thinking (DT) Lean Start-up (LS) philosophy.
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The third phase is ‘Incubate’, which is for creation and validation of Business
Models, analyze product-market fit and refining product vision. It uses Lean Start-up (LS)
philosophies such as Build-Measure-Learn (BML) loop. This is the first phase of the
solution phase and focuses on initial product development work. This helps to test the
hypothesis to make sure that, the product we are going build and porductionize is what
needed by customer to satisfy their needs.

The fourth phase ‘Iterate’ starts when the product requirements are clearly defined
and broken into product backlog items. The purpose of this phase is to deliver the working
software pieces incrementally and agilely in form of sprint to the customer, which adds
incremental value to the final product. In this phase, the full-fledge development work is
conducted to develop, build, test and deploy the product. Various Agile Methodologies
(AM) are used to perform the development work in this phase.

The final phase is ‘Systemize’, which is for reflecting on the product delivered to
customer, retrospect and integrate lessons back to the programs, continually enhance the
product and process performance, Scale-up and grow the business. This phase
predominantly make use of System Thinking (ST) philosophy and forms the Scale-up
phase. Another objective of this phase is to build resilience, and maintain & monitor
product health.

Each phase has a dominance of a particular methodology, however, almost all the
times a balance of all the activities is introduced in each phase. Automation is the backbone
of the whole end-to-end process, which increases the speed and accuracy of the
deliverables. There are also feedback loops introduced such while testing the hypothesis,
if assumption fails in the Incubate phase, the team will go back to previous Define and
Validate phase to redefine the problem, assumption and quickly test them. In Iterate phase,

while building and testing the product, if user signal (feedback in form of data, behavior
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etc.) indicates mismatch with the built product, the team will go back to the Incubate phase
to rerun the BML loop. The team may also go back, if there is a significant contradiction
between user signal and build, to the Define and Validate phase to redefine the problem
and assumptions. While scaling-up, if a new opportunity emerges, the team will go back to

very first Discover phase and start a fresh program to seek the business opportunity.

5.3.1 Discover

The Discover phase of LAD model focuses on understanding opportunity
landscape, finding ana validating real problems worth solving. Team moves beyond the
assumption to frame the problem systematically. The focus of this phase is to find value in
opportunities and for that purpose, team generate hypotheses and initiate activities which
creates value in futures such as Value Proposition Canvas, Revenue model, Cost saving
opportunities, initial risk reduction plan.

All opportunities are added to the opportunity backlog and priorities based on the
criteria shown in figure 5.7. The desirability deals with what customer need, generating
and quickly testing the idea and hypotheses. The Feasibility is analysis of opportunities for
technical feasibility point of view. The Viability is about checking whether the opportunity
is financially viable. And finally, the Conductability is initial check on whether the idea is
scalable, sustainable, able to grow in future and ethical. At the end, the team creates a
minimal, validated sets of artifacts. The success is a list hypotheses backed with evidence

and clear next steps in the project.
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Deliverables:

We have categories the deliverables of discover phase into two types: Evidence-
based and Decision-based.

The various evidence-based deliverables from discover phase are stakeholder map,
ecosystem map, user personas & primary user models, customer journey maps and
experience maps, competitive analysis & market analysis summary document, initial
technical concepts (system diagrams, APIs, data availability, current architecture
constraints etc., ethics & regulatory scans.

On the other hand, the decision-based deliverables of discover phase are problem
statement, opportunity statements, Lean Canvas for the top opportunities, prioritized
hypothesis backlog, initial definition of success metrics & acceptance criteria, low-fidelity
prototype(s), initial, risk register & assumptions list, and finally, the Go/No-Go

recommendation and roadmap of next-steps.
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Tools & Techniques:

Various techniques used in discover phase are contextual inquiry, user interviews,
initial usability testing, affinity diagrams, root-cause analysis, causal loop diagrams,
systems mapping, Lean Canvas, Value Proposition Canvas (VPC), Impact vs Effort matrix,
exploratory data analysis, cohort analysis, funnel/conversion analysis, segmentation, rapid
prototyping, privacy impact assessment, ethical checklist and stakeholder sign-off

document.

Roles:

Project sponsor provides strategic direction, funding, key decision, removes
roadblocks, and align the project with organization goal tree. Product manager owns the
opportunity backlog, decision-based deliverables, prioritize hypotheses and manage scope.
UX Researcher conduct research on customer’s usage, quantify insights, and create
customer journey map and personas. UX Designer creates wireframe, rapid prototypes,
interaction flow and run the design workshops. Data Analyst & Data Scientist conduct
analytics on data & share actionable insights, perform cohort and funnel analysis, conduct
Design of Experiments (DOE) and statistical analysis. Engineering Leads (Engineers and
Architect) conducts quick product and technical feasibility check, identify any technical
constraints, and estimate investment needs. DevOps Engineers and Site Reliability
Engineer (SRE) calculates infrastructure requitements. Scrum Master facilitates discovery

workshop, drive decision and collaborate with cross functional teams.

Ceremonies:
The Discover phase is run as a time-boxed sprint, but with flexibility of research

project considering its exploratory nature. Various ceremonies and cadence include
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Customer meetings, Kick-off meeting with cross functional team. The daily stand-ups are
for daily progress review, removing roadblocks, and collaboration across team. Research
sprint planning is for planning the two week’s activities such as interviews, prototyping
activities, and data analysis work. Empathy workshops are conducted after user interviews
for collating the customer voice, and creating customer personas and journey maps.
Insights and Synthesis review is conducted somewhere mid of the sprint in which, data is
analyzed and user patterns and product themes are reviewed. Then Ideation workshops are
carried to generate solution ideas for the defined high-level problem. Decision gate and
steering committee review is conducted for presenting the decision deck to leadership team
and get decision on project continuity. At the end, a retrospective session is conducted to
understand what went right and what went wrong, collect lessons learnt, and integrating

lessons into the plan for next steps.

5.3.2 Define and Validate

The Define and Validate phase transforms the prioritized hypotheses from Discover
phase into clearly defined testable potential solutions. The clarity of definition helps to
increase certainty across desirability, feasibility, viability and conductability of product for
customer. The focus in this phase is to create a Minimum Viable Solution (MVS) which
will further developed into Minimum Viable Product (MVP) in next phase. The define
success metric against which experiments are also designed to measure impact of solution
on metrics. This helps in conducting technical feasibility of the solution, needs for
integration to mainstream application, cost considerations, security, compliance and any
regulatory requirements early. A dedicated session is also run on analyzing and mitigation
planning on potential risks. And finally, a dedicated exit review to make a decision on go

or kill the project is conducted with steering committee members.
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Deliverables:

The team creates a Solution Definition Document (SDD) to depicts the concise
specification of the potential solution (MVS), which includes, technical scope, workflows,
User Experience (UX)artifacts, acceptance criteria, and it may also include results of very
initial Low Fidelity (Lo-Fi) mockups. The team plans experiments such as initial
Verification and Validation (V&V) test plans, hypothesis testing plan, detailed A/B test
plans etc. Depending on the complexity of the product solution, the team also choose to
build Lo-Fi prototypes such as clickable prototypes, interactive mockups, or a small Proof
of Concept (POC). The team also initiates to plan and define the instrumentation and test
data schemas, logging & monitoring requirements, dashboard mockup plans etc.

Based on feasibility assessment, the estimation work is performed for engineering
resources, infrastructure capacity need, test facility requirements and prototype sample
requirements. A business case is initiated, which includes the inputs costs — working capital
and Capital Expenditure (CAPEX), sales projects, Return on Investment (ROI), Internal
Rate of Return (IRR), and Payback period (PB) to asses the financial feasibility of the
project. The Value Package Canvas (VPC) is further matured in this phase as the team has
better clarity on product solution. Finally, a backlog is created for user stories, Non-

Functional Requirements (NFRs) and acceptance test for upcoming MVP.

Tools & Techniques:

The core technique used in Design and prototyping are design sprints, design studio
work, paper prototyping, Figma, InVision, Wizard of Oz (WOz) etc. technical validation
tools such as integration tests, load tests, Proof-of-concept code spikes, API mocking (such
as WireMock) tools. On Experiments and analysis, for conducting A/B testing, tools such

Optimizely can be used, for analytics work tool such as Mixpanel and Amplitude can be
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used for deep analytical work, Cohort analysis and G*Power tool for sample size
calculation & statistical analysis can be used.

For qualitative testing, the team can perform moderated usability testing, Card
Sorting technique, cognitive walkthroughs, think-aloud protocols and follow-up interviews
with users. The team also initiate the risk and compliance work using techniques such as
Privacy Impact Assessment (PIA), Sustainability Impact Assessment (SIA) for assessment
of environmental, social and economic impact of project, Threat modeling technique for

cybersecurity and formal legal compliance checklist.

Roles:

Product Manager leads the solution definition initiative by prioritizing validation
experiments and creates a decision pack and roadmap. Design Lead creates Hi-Fi
prototypes and mockups, defines acceptance criteria for UX, and provide inputs for
designing usability tests. UX Researcher design and perform user tests, collate the test
feedback and perform experiment moderation. After that, the Data Analyst analyze the tests
results, design experiments, present insights from data in form of dashboards.

DevOps Engineers and Site Reliability Engineer (SRE) ensure infrastructure
readiness and monitoring systems. Legal, Ethics and Compliance lead fills checklist and
sign-off the risk mitigation plan. The Project sponsor ensure strategic alignment and gets
the decision on gate. Scrum Master coordinate various ceremonies, lead teams, removes

roadblocks, track cadence and makes sure the proper documentation.

Ceremonies:
The Define and Validate phase is run as a time-boxed sprint of 1-3 weeks each

which helps in moving from hypothesis design to rapid protos, experiment and define
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project roadmap. It starts with a phase kick-off workshop where scope is clearly discussed
with team and their questions are answered. The scope of target MVS is discussed and
team is aligned with success metric, assumptions, constraint and risks. Design sprints are
performed for rapid ideation, quick design and selection of prototypes. Daily Stand-ups
(DSUs) are 15 minutes agile team meetings for discussion on brief updates and plan for
roadblock removal. Mid-Experiment Touchbase is lightweight ceremony for review of
telemetry and qualitative data. Decision gates are for review, stakeholder alignment and
decision to go ahead in project — Pivot or Preserve. Retrospective meeting is for collecting
lessons learnt from the phase. And finally, Handover planning meeting is for backlog
refinement and handover the prioritized backlog, solution definition document, and

experimentation outputs to development team.

5.3.3 Incubate

The Incubate phase acts as a bridge, but with an important role, between validated
solution definition (from Define and Validate phase) and full-scale development and
delivery (Iterate phase). In incubate, the Minimum Viable Solutions (MVS) are turned into
Minimum Viable Products (MVP) so as to reduce the project’s operational and integration
risks. The MVP includes the validates and tested UI concepts and key valuable features. In
this, the learnings from design experiments are converted into robust capabilities by
proving scalability and readiness for real-world usage with an option to pivot or preserve.

The primary objective of Incubate is to generate validate concepts into a strong
pilot implementation which is scalable and can be taken ahead for final product
development cycle. The created MVPs also include the Non-Functional Requirements
(NFRs) with optimum degree. The assumptions from previous phases are validated under

realistic future load. The product vision is refined and Business Model Canvas (BMC) is
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created and validated. A full-scale telemetry for data collection, monitoring and

dashboarding is created and implemented.

Deliverables:

The technical deliverables include the production-grade MVP codebase in source,
full implementation of Continuous Integration and Continuous Delivery/ Deployment (CI/
CD) pipeline, and Code review mechanism established. Various deployment artifacts such
as Docker images, Helm Charts, Infrastructure as a Code (IaC) (Terraform) templates are
created. Test Automation suits are established for unit, integration, smoke and integration
tests. The various operational and observability deliverables are instrumentations to collect
data, dashboards, alerting rules, escalation procedure, definitions of Service Level
Agreement (SLA), Service Level Objectives (SLO), Canary Release and Circuit breaker
Strategy for feature releases.

For security, the PIA is updates, compliance checklist is updated and security scans
are established. Business Model Canvas (BMC) is created and validated with cross

functional team (CFT). The product backlog and acceptance criteria are refined.

Tools & Techniques:

The various engineering tools used for building CI/CD pipeline are Git workflows,
GitHub Actions, Jenkins, Containerization & orchestration (Docker, Kubernetes, Helm),
[aC (Terraform, CloudFormation). For observability, various tools are used such as
Prometheus, Grafana, Datadog for metrics and monitoring; OpenTelemetry, Jaeger, Zipkin
for Tracing; CloudWatch, Stackdriver for data logging; and APM and RUM for end-user
performance. For quality testing Pytest, JUnit for unit & integration frameworks test; Pact

for contract testing (Pact); Cypress, Playwright for end-to-end testing; JMeter and K6 for
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load testing. SonarQube, Snyk, OWASP ZAP are used for security and compliance testing.
For feature release and control, the LaunchDarkly and Unleash are used for feature flag
systems; Flagger is used for Canary deployment tooling. Various tools such JIRA, Azure
DevOps, AWS are used as agile management tool. And finally for software project

documentation, Confluence and notion are used.

Roles:

Product owners ensure that the pilot scope is aligned to the product goal.
Engineering lead performs technical product hardening, makes product architecture
decisions and refine engineering capacity. DevOps Engineers/ Platform engineers/ SRE
builds CI/CD pipeline and automate infrastructure and monitoring system. Software
Quality Assurance (SQA) engineers design test automation, plan tests specification based
on Test Driven Development (TDD) strategy, load tests and performance test suits.
Security engineer performs security scans, compliance checks and privacy assessment.
Release engineer manage deployments and version control.

UX Product engineers make sure that the MVP meets design & usability
specifications, collects and act on pilot feedback. Data Engineer performs full scale
implementation of data telemetry, validate data schemas and analyze data with respect to
pilot metrics. Business, sales and Ops SMEs validate the business case and builds the BMC.

Project sponsor get the approve on pilot targets and continuity decisions.

Ceremonies:
Incubate is performed in form on few sets of sprints of 1 to 3 weeks each. The very
first ceremony is Incubate kick-off, in which the pilot scope, KPIs, team structure, roles

and time plan are defined. Daily Stand-up are for progress review and roadblock removal.
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SRE Touchbase is for reviewing and finalizing the infra, telemetry and operational
readiness. Security Compliance Synch is a meeting for reviewing and taking action on
outstanding points related to security. Pilot War Room meetings is for resolving initial
inflow of issues post pilot launch using Gemba. And finally, the Retrospective session
which support the lean philosophies’ BML cycle includes the brainstorming session n

lessons from the phase and creating plan to avoid repetition of issues.

5.3.4 Iterate
The Iterate phases involves launching a full-scale agile product development work
to deliver the values added product iteratively to customer. The agile team works on
building product by prioritizing user stories, test, deploy and productionize the product.
The software product is not delivered all at once, but delivered to customer in form of
pieces which includes minimum working features which adds incremental value to final
application. This helps in getting early feedback on the product performance thereby

supporting on time launch and minimizing the rework.

Deliverables:

The main deliverable of this phase is working software delivered to customer. The
Epics formation, user stories definition, story size estimation and defining non-functional
requirements are few of the initial deliverables of Iterate. The product backlog is prioritized
and refined by the team. The Burn-down chart and velocity tracking are done for measuring
the performance of the sprint and product development process. And finally, the technical

documentation is also an important deliverable.
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Tools & Techniques:

The Program Board and Kanban boards (JIRA, Trello, Azure DevOps) are used for
managing the user stories, workflows, and work management during product development.
The documents related user stories acceptance criteria are defined in advance. Test
Automation tools such as Selenium, JUnit, Cypress are used for performing tests
automatically on the software code. The DevOps tools such as Docker, Jenkins, GitLab CI
etc. are used in this phase as a part of CI/CD pipeline. Various agile methodologies such
as pair Programming, TDD (Test-Driven Development) and BDD (Behavior-Driven

Development) are also used during agile execution.

Roles:

The Product Owner (PO) is the owner of product backlog, who is responsible for
maximizing the value of the product in each iteration. The PO defines vision, prioritize the
Product Backlog Items (PBIs), prioritize feature delivery, and aligns the product with
business goals. The Scrum Master (SM) is a leadership role who coach agile team, promote
and ensure Scrum or Scaled Agile framework (SAFe) in project team, remove
impediments, facilitate scrum ceremonies, and protect project team from external
distractions.

The Development Team consists of developers for frontend and backend work, who
design, code, maintain the software application, collaborate with other teams and debug
codes. The Software Quality Assurance (SQA) engineers are responsible for ensuring the
software product meets pre-defined quality standard and user needs. The SQA engineer
works closely with developers to create a test plan, documents defects, and clearly provides
feedback to developer. The UI/ UX engineers while working on design research and testing

usability, make sure that a usable and valuable product is delivered to the customer. The
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DevOps engineer connects the development and operations team to speed up the process

and enhance efficiently of deployment and production.

Ceremonies:

The PI (Program Increment) Planning is the main event at the start, in which all
teams from Agile Release Train (ART) come together to align in objective, identify
dependencies and create a plan with common understanding. The Iteration planning is a
team level event to define stories, tasks, create and prioritize stories for immediate sprint.
The Daily Stand-up meeting is a short everyday meeting to discuss on yesterday’s progress,
remove roadblocks and impediments, and plan for upcoming days. Iteration review is the
review of the work done in the iteration and receive feedback on product demo from the
relevant team member. The Iteration retrospective is the review and analyze the lessons
learnt from past iteration and create improvement plan on those.

The System Demo is the event in which the team review the integrated product
from various teams. The Scrum of Scrums (SoS) is the meeting in which the key
representative such as Product Owner, Scrum Masters, key developers of various agile
teams meet and discuss about dependencies between teams and identify roadblocks. The
PO Sync is the meeting in which the POs of various teams meet and discuss about the
backlog priorities based on program scenario. The Inspect & Adapt (I&A) is a major event
at the end of Program Increment (PI), in which the whole ART teams demonstrate the
complete product. The Portfolio Sync is the event in which the leadership team comes
together to review the progress of program portfolio with respect to business objective,

align on strategic initiatives and assign resources and budget.
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5.3.5 Systemize

The key purpose of the Systemize phase is to scale and grow operationally and
integrate the feedback from ecosystem. In this phase, the team build the resilience, scale-
up, grow, maintain and improve product health. Once the ideas are discovered, defined,
validated, incubated, iterated and delivered, the Systemize phase once success into a long-
term system by implementing Standard Operating Procedure (SOP), Toolchain
automation, product platform scalability, strong governance, continuous improvement
loops, organizational skill development, cost improvement, improving compliance and
sustainability. The growth aspect is in terms of increasing user volumes, team adoption,
technical scale-up. The sustainability aspect is on making sure the long term ethical,
environmental, operational, financial and regulatory sustainable business. This help to
make the one-time success from iterate phase more repeatable, scalable and predictable in

future.

Deliverables:

The production grade, versioned, automated platform with modules such as CI/ CD,
IaC, curated containerization etc. to build high concurrency on product usage. Building
autoscaling templates, multi-region deployment of product for seeking users from new
regions, and Disaster Recovery (DR) Rulebook for recovering system after any outage or
disaster during scale-up.

With user base growth, the operational and observability stacks also need scaling
up. The monitoring stacks such as metric, log pipes scaled up with roll-up metrics and
enhanced retention policies. Capacity plans and Service level Objectives (SLO) as per sales
growth forecast. The enhanced monitoring dashboards such more multi-level, team-level,

region-level details with more slice and dice features.
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With increased user base, on sustainability and compliance, the artifacts are
delivered such as Data lifecycle policies, Energy or CO» reporting for increased cloud
usage, achieving Carbon Credits, and templates submission for regulatory compliance.
Growth governance deck is released for approval on increased flow, capacity enhancement,
cross-regional roll-outs, and feature which impacts revenue growth.

Business case update with unit economic model aspect such Customer Acquisition
Cost (CAC), Customer Lifetime Value (LTV), cost margin per customer etc. Cost
optimization playbook for avenues to reduce cost such as cloud usage, Caching, Tiered
storages, Data compression etc. People onboarding plans, training plans for increased
workforce, community establishment for focus on continuous learning, scale-up, Frugal

engineering and Green engineering.

Tools & Techniques:

For enhanced capacity and cost modelling various tools are used such as time series
forecasting and scenarios simulation/ Monte Carlo simulation are used. For cloud cost
calculation, forecasting and management, tools such as Cloud cost APIs and FinOps
tooling are used. For observability, various tools such as OpenTelemetry, metric roll-ups,
Low cardinality schemas are used.

For requirement of enhanced governance and policy, engine such as OPA (Open
Policy Agent) with policy-as-code are deployed, and checks are introduced in CI/ CD
pipeline to meet enhanced capacity and budgets. For sustainable engineering practices,
various techniques such as right region selection, workload balancing and scheduling, and
Recommender APIs for rightsizing recommendation on tech resource management. On

FinOps (Financial Operations), various techniques are used such as cost allocation, budget
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alert workflow, spend anomaly detection, cost optimization to optimize cloud & resources

cost and maximize business value.

Roles:

The Platform Product Manager acts as a sustainability and scalability lead in this
phase, who owns the platform roadmap for targets and track with respect to the forecasted
capacity and cost. Siter Reliability Engineer (SRE) and Platform Engineer builds auto-
scalable infrastructure and own the infra capacity planning. FinOps Specialist or Cloud
Economist owns the spends, chargebacks, cost optimization, and tradeoffs related to cloud
operations. Data Engineer implement the scalable data telemetry pipeline. Security and
compliance lead take the privacy and regulatory constraints across new regions. The
Product Manager sets the vision, growth targets, KPIs and optimize the capacity and budget
tradeoff. Sustainability officer analyze and recommend the low carbon technical choices,
track the sustainability metrics, and makes sure that the sustainability goals are achieved.
The Developer Experience (DevEx) Team helps the development team to adapt to the

grown-up platform and processes.

Ceremonies:

Platform Stand-up (PSU) Meeting every week is organized for reviewing cost vs
capacity snapshot and identify spend anomalies. Growth Planning Sync-up meeting is done
fortnightly to review the product roadmap and its alignment with capacity plan, and how
the company is adopting to the product market growth.

Monthly meeting on Cost and Capacity review for analyzing trends, forecasts and
identifying optimization opportunities. There are monthly discussion on incident and SLO

reviews. Quarterly reviews with leadership team for readiness of company for scaling,
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approving expansion plans, features and platforms. Sustainability review is done quarterly
to review the carbon credits, CO2 emission status, energy efficiency and organizational

compliance status.

5.4 Conclusion

In this chapter, we analyzed and concluded that, there are top, most influential
seven independent variables which governs the project success. We conducted a deep-
thinking session on whiteboard and defined a model building strategy, technique and all
related aspect. Then by using a progressive mode building technique we built the lean Agile
Design (LAD) model. There are five phases in LAD model which are not in sequence but
they are performed more iteratively and incrementally. We then described these five phases
with help of overall purpose, key deliverables, techniques used, various roles involved and
ceremonies conducted. Overall, the model is well defined and very useful for developing

and delivering a software product very effectively and efficiently.
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CHAPTER VI

SUMMARY, IMPLICATIONS, AND RECOMMENDATIONS

6.1 Summary

The research started with questions such as what are governing variables and their
relationship with software development project success. We conducted a detailed literature
review using Systematic Integrated Mapping Method (SIMM) methodology and found a
list of pitfalls and research gap in current process models. Then we collected and analyzed
the industry real project data on functional effort variance and schedule variance. We also
conducted an in-depth study of various product development methods in industry. From
the insights from these studies, we created a list of sub-dependent variable (yi) and
independent variable (xi). For all sub-dependent variables, we defined a main dependent
variable — project success (Y).

Then we formed a questionnaire for each of the independent and sb-dependent
variables and conducted a survey for required sample size. Then we performed cleaning,
coding, rationality analysis on the data. We conducted a Principal Component Analysis
(PCA) on the data and found the most significant component, which we called as project
success (Y). The dataset with the principal component was used for performing the
Exploratory Data Analysis (EDA) and initial insights formation. Then we built 15 models
with variety from statistical models, ANOVA, Regression models to advance Machine
Learning models. The models helped to meet objectives such predicting the performance
of the project for given input variables and understanding the most significant independent
variables which governs the project success (Y). We checked the frequency of occurrence
of the variables across all models and measured the performance of the variables. Based
on the detailed study, it was observed that, there are seven variables which governs project

success as xi Empathy, x> Automation, x4 SustEthics, x¢ Growth, x7 Human,

169



x9_Governance and x12_Retrospect. The, we have also built a mathematical equation to
consider effect of non-linearity, variable interaction effect and saturation.

Further using Factors analysis, Deep-thinking exercise and Progressive model
building methods, we built a full-scale end-to-end software product development model —
Lean Agile Design (LAD). The model consisted of five phases such as Discover, Define
& Validate, Incubate, Iterate and Systemize. These phases are not in waterfall sequence,
but they are agile, iterative and overlapping in nature like an infinity loop. For simplicity
of the explanation, we represented the model using blocks. This model uses the
combination of techniques such as design thinking, system thinking, lean start-up, agile

methodologies, and automation.

6.2 Implications

The Lean Agile Design (LAD) is a cohesive model for software development
projects which overcomes various challenges in current methodologies such as
fragmentation, handling complexity, predictability, automation etc. From detailed
systematic literature review and research, it was observed that, there many pitfalls in
current models and there has been insufficient work done to build an integrated model
which can arrest the observed pitfalls. Our research integrates all the critical learning from
the current research, industry data analysis, and voices from industry practitioners.

Our model is built on fragmented strengths of various philosophies such as design
thinking, system thinking, lean start-up, agile methodologies, and automation into one
integrated end-to-end flow. This model emphasizes that, the software product development
engineering is not only operated by speed and accuracy, but also by flexibility,
sustainability and systemic balance. The finding from the statistical and machine Learning

models such clarity of vision, empathy with customer, automation, learning loops, Human-
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Centered Design, governance, scalability and growth, are aligned with the model flow. This
results into data driven decision making, frequent & continuous learning and feedback
loops, predictable project success, alignment of people, process and systems, and business
value.

Apart from the governing factors and LAD model, we also built the machine
learning models which have a good performance and accuracy on predicting the software
development project success for given project parameters. From academic point of view,
the research forms a theory of synthesizing and integrating various multi-disciplinary
models into one cohesive meta model. It also supports the advancement in understanding
and application of advanced new generation technologies to building models in software
engineering. For industry, it provides scalable and ready to use Al predictive models for
predicting project success and a software development model for actually building and
delivering software to customer. So, in summary, this research work creates a research-to-
practice continuum, which contribute to industry practitioners and academicians with

scientifically validated approach to developing ultra-complex software products.

6.3 LAD Model Implementation Strategy

The LAD model implementation as a product development methodology in an
organization will start with mindset and cultural shift. The teams need to think from
systemic point of view rather than only team velocity. The leaders should think of a project
as a living system rather than only a dry objective driven work, which will help in inculcate
the empathy, usability, Human-centered Deign, learning and governance in the project
teams. The top-level management should establish an LAD Transformation Office (LTO)
to which will include a dedicated cross-functional team responsible for LAD rollout,

training, governance and continuous performance monitoring. At very start, the model
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should well embed into the corporate strategy by including metrics into executive
dashboards, KPI, and OKRs, to have top-down push for implementation.

The implementation should start with a pilot program which cross-functional,
highly visible and complex enough to fetch the value from LAD model. The roles should
be clearly defined, the deliverables should be clearly communicated and the ceremonies
should be marked on team’s calendar with right cadence. While implementing governance,
a care should be taken that, the model should have enough flexibility and agility to
customize it as per organizational and project needs. Certain aspects of models should be
institutionalized such as feedback loops, data driven decisions, empathy with customer,
early testing etc. While implementing, the process automation using techniques such as
DevOps should be integrated early in the project to promote zero-touch atmosphere and
enhancing speed and accuracy of the deliverables. The tech-stack such as new
infrastructure, cloud, networks, tools, CI/CD pipeline, telemetry, Al tools should be
planned at the start of implementation. Integrate sustainability metrics, process
standardization, continuous learning culture in the day-to-day work. And finally, the team

should encourage cross industry collaborations and alignment with policies.

6.4 Recommendations for Future Research
In this research, we built the various models from industry data and insights from
voices of industry practitioners, followed a full-scale LAD model for complex software
development methodology. Going ahead, the research can be extended to actual usage and
implementation of the model in software development companies. This will help to further
establish the strengths of the model and integrate learnings back into the model flow. The
feedback from actual usage will also definitely help to compare the model efficacy with

respect to those of existing models such as Scrum, SAFe, XP, Kanban and other specific
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models used in organizations. The efficacy should be measured on performance on overall
project success and all the sub-dependent variables.

We have developed this model considering complex software product development
projects, which can be extended to similar technology development programs. However,
the model can also be applied to different products and organizations to have a new view

of applicability and customization requirements.

6.5 Conclusion

This research has resulted into various Al models which have capability to predict
the performance of real time software development projects by providing inputs on
independent variables. The performance and accuracy of these models very high and can
be applied to industrial projects. The systematic literature review also resulted into deep
insights on takeaways from current literature, gap and list of pitfalls in current software
development processes. An advanced mathematical equation was also derived to consider
effect practical aspects such as non-linearity, variable interaction effect and saturation.
Another key output is Lean Agile Design (LAD) framework designed based on inputs from
survey data, analysis of industry data, critical review of literature and insights from various
statistical and machine learning models. Overall, the research work has a contribution to
the body of knowledge of software engineering, product development and project
management. The models built during the course of the research can be applies to industry
and academic scenarios to enhance efficiency, predictability and on-time launch of high-

quality products.
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APPENDIX A

SURVEY COVER LETTER

Why some projects succeed spectacularly while others fail?

I am currently a DBA student at Swiss School of Business and Administration,
Geneva. | am exploring this question for my Doctorate research & would love your quick
input please - just a few minutes, fully confidential. This survey is completely voluntary
and we are not capturing any personal data.

Your insights & experiences could be the key to uncover the answer. Once you
have filled it in, could you please forward the link to your friends & colleagues.

Thank you for taking the time to share your valuable experiences.

Thanks & Regards,

Amol Kate
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APPENDIX B
PYTHON PROGRAMM FOR DATA ANALYSIS & MODEL BUILDING

We have built a Python program for data analysis, building various statistical,
ANOVA, Regression and Machine Learning Models. Python script is coded and run in
Jupyter Notebook which is an open-source web application with Anaconda ecosystem

environment.

Following is the complete Python code, which was used for producing results, as

described in earlier chapter:

Import Packages and Libraries:
1 and pochkoge
lpip inskall mizsingns
lpip wnatall pingowin
T ¥ E il
import pondas ss pd
I.“Fﬂ'l't rllnp'\_..' am II-'I
impert matplotlib.pyplot as plt
import ssaborm =3 sSns
impert nissingno as msro
from scipy dmport stats
import statsmodels. api as =m
impert staldimodels. formula.apnl =sa salf
i ] |.'lj|'-_l|'.lu'||= impnirt Llullhﬂl.l'l_.-lll.'lllu
import warnings
warnings . filtorvarnirgs{ "ignoee”)

Exploratory Data Analysis (EDA)

afapd. Fasd sxcel[ Swreey Data.xlsx’ ]

al T - Ll W .I-- I- T

g@f ., shape

a3, xi)

df .hwadl )
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# Check bottom £ orecord in the delwset
df . taill}

# Chaeck informatlon of the dotofrase
¥ To check whot tyor coto is there im-poch colven {Doto tywpel
df infol)

¥ Mokr different lict for cotegortcol colwens oon resericol columne
cat=| |
namm| |
far § Ln df.columns:
ar df[i].dtypes="object":
cat, append(i)
Blies
resimn appand (]
print{'Husber of Catagorical columns ='}
print{cat}

printl e dnd Nunber of Numerical colises =')
print{nums}
printf'in")

# Fingd cotegoricel volves in eoch of the pbjidct typpe columns {in Industry & in Method):
for colun in df.colwens:
if dflcolewn] .dtype == "abject”;
printfealum . upperc(), '+ °,df column | runique(])
::rirlt[&F!cnlu-ﬂ‘.wlur__:-:umt:{nnr-n]im E | *l‘l.}.!ﬂl't"ﬁllluli{:}

primtfn')

& Check Tor amy awll wvalues [ Phe dolaselr
of . Lsnuel 1) . sum{ )

8 Check for amy duplicate data records in the dotoset:
cthps = df .duplicated()
print(‘Humber of duplicate rows = %d” % (dups.sum{})}

df| dups |

# Chack aoenory of the dotafrase;

df_stats df.describe(}.T

df_stak]'Range’ |= dFf_stat] "mex’] - df_stat{ "min" ]

df _stat] 'IQR' = df_stet] "738"] - dof _stat["25%"]

df_skmk Varisnce = df_shak] akd' [*df_skat|'atd" )

df stat| 'Coaff af Varlation' |s df stat| 'std" | /df stak| 'mean’ |
df _stat

# Orop the 'cownt” columsm
¥ _stal = of skat dicop] coenl', axis=i)

df_stat
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& Cregte bhe Bdxplot

ple. Figure{Figsiznz(dll, 20))

& Cheaged do horifontal orientotion of bars

baxplot = s besplot {deta=df, arient="H', paletie="S=51")
barplet awes. set_title] BaxPlet®; fortslzes3s)

& Swopsed & 0y labsls for daelzantol sriemtotion

boplot  got_wlabel{'valuwes®, fostsizem3s)

bocplot . set_ylabel{ Parsscters” . fontsdzeads)

boxplot  tick_parsss(lobelsize=3%]

& Furctimn to 1deabify sutliers for eoch cofums

gef Find_outliers{datafrose) !
cutlier Info = |

Far golumn Ea df . select_dtyped(inelude=! np. number] | columnis
# toleulate 01, (3, ond IGW
Q1 = df{column |.quantilei{B.25)
0¥ = df ! coluan’quamtliEali. ¥5)
Igh =93 - M

# Define auflier boanfer{ies

Lower_bownd = - 1.5 = T0#

wpper_bownd = OF 4 1,5 & TOR

® Find outlisrs

outliers = df [ (df]coluwen| ¢ lower_bownd) | (df{coluen) * uppere_bownd) ][ coluen |

AF mot outliers,ampty:

outlisr inFajcalwan] = |
‘eount™i lenloutLiers),
‘percentage’ ; {lenfowtlisrs) 5 len(df}) = 10,
‘min_cwklier': owtlisrs, min() &f Jenfoutlisrs) & B alze Rone,
‘mar pobllaet s owtliecs . man( ) of lesfoutlisrs) *> B alis Wena,
boundarles': {lowsr bound, upper_beund)

F

raturn outlier_info

# Gep putlier inferertion
outliers = Find_outliers{df)

8 Preanlt owblise ‘l!r_fﬂl-dl‘l:rlln
print{"Dutlier Analyele:®)
for column, inTa im swtliecs. itens():
prire{F\n colomm 12"}
prirk{f" MNosber of owtliers: {info] "cownt'||")
print{f* Parcentage of datsr [imfol "porcentage” T1.307%°)
print{f® Cutlier range: (infol 'min_ouklier®]] to [infol "mex owtlier' | |")
pr'irll:{f" Marmal range should be: ! isfg| "howndarias” Jl@]=- 28] b [i.n'rnl " bondar i " ]liz:-:f:.'}

pi! E . ll]'lb_!.lpmhl. :
ol shoul )
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F Drme FPeirplots Ffor all Verisbles
Freow matplotlib. colors impaet LinsarSegmont odColoreap

& Set on assbhetic stple and color poletds
wni.art wbyle{"Hicks ™)
plt. rcPorses] ‘Tigure . figeize']l = |3, 307

¥ Create @ costom colorsap-for soflous colors
colers & | "RABBOEZY, “ABMBEFFS, "EBAFFFER, "NBAFFBAY, FFFFOE", FEFFTFBOS, FEFFo8ea"
cuitos_caap # LissarSagmentedColaormap. from Llat{"cuitos calormap™, coloesc)

& [reate o peirplot
pairplot = Iﬂl.p\lirpl{lt:
df
diag kinds'kde®,
corneraTros, & (nly show the Lok treiomgle To pedice Fedumdancy
plot_owin|
':1|:H‘Iq': 4.5, # jddd lranipareacy Po sée cvarlopplng poimis
"pigmialocr s neae ",
't ME, # Adiust soint sire

]

ding_lows=
"FALL": Trus,
“wlpha': BB,
"Hinswidth': 1.5,
"whads': Trss,
"robor': Tateelblus®

Y

Fll'tlﬂ'vﬁrldil', & Uer @ polurfel poletfs rl'ut--.' plosng ', “wmogen ', “oividia®)
height=2.5 & ddjust subpdot sics

# Custpoize the appeoreace
pliri:lln-t.ﬂ..:l.lrtit‘.l.l{'l"llr'plnt Visupkizetion", y=1.02, fontsize=i0])

# Tmpireve Phe |apml
plt.tight_Leyoutd)

plt . shesad)

& Speugrmon Corewlof fons

# Safact sely museric ool

numeric_df = df_select dtypes(inclodes| ‘musber’ |}
df _corr = rpumeric df.core()

df _carr

@ Speirrmid Coreetd st Lom MrlELa Mg Panng:

Bat up Bhe swloleoflil flgurs
plt.figure[figeire=(12; 18}}

#® Cragte w mrsk For the wpper friangle fo mwaid redendoncy
mask = mp, trivinp.ones_like{df corr, dtypeskaal )
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® Calormap optieni "spgan' - percepltoolly wnifore (block to pellms)
omap = ‘magma’

& Dvaw fhe beotmap wiff Dhe ok ond correc ! oipect ol Lo
sni.hadtmapld!_care,

madkEnank,

LEdpinCmah

weas=1

wmin=-1,

centers,

square=Trus,

linssdidthi= 5,

Ehar_kwis | "ahrbak®: (5,

snmoteTrue, & Adds corrplafion velurs to oells

fulx™, 27"} ¥ Formil far Che ancefolions €1 decisol pluoces)

# Adjuat the plok
plt.tight Tayoit()
plt.titlel " Spearwan Correlation Matrix Heatmap® , Fontsize=le, pad=320)

& Show The plot
pli.whesl)

Principal Component Analysis (PCA)

# Principol Companent Snolpsis (POE)

frea dklearn, préprocasiing ieport StandardScaler
frem aklsarn., decoepos ition lepart POA

impart matplotlib. prplot sa plt

import asaborn s Gne

impart ruspy as np

# Set the stple For sore beowtdiful plots
sns.set(stylea="whitegrid” )

plt reParans| ‘font Faskly' | & “wamd-geelf
plt.rcParams] 'Fant . sans-serdif "] = [ardal’]
':11. -PeParpmi| fawes edgetolos’ | & "E3333FI°
gl roParams| awes  Jinsaidth' ] = 8.8
pli.rcParams] "wtick.color'] = "H13E5IDRC
plt.rcParams] ‘ytick.celor®] = “#13353%°

# fwlfect only deperdent voriobles
dupendant_vars = |

"yl_Schedule’ |

Ty Cowt’

'v!_q-uilli:r',

"y Scopa’,

¥4 Cuvtomer'

i
¥ = dfldeperdent_vars |
& Sramdacdizd The dagn

scalur @ StandasdScalecl}
K scaled = scalar. Fit trans¥ornid)
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¥ Apply FCA
pee = PCAfa_cosponantzab)
principal _components = pea. it trensfore(X_scaled)

# Create a Batofroee far principal cospoments

po_df = pd.Ontafrpes(dataz=pringipal comporsnts
calussis[‘PCi%, “PL3°, 'PC3Y, "POA', “BLS' |}

o A PCE back Paogrigiiel dotoast @y coeposile ecars
d ¥ Project Swccesi®] o pe_of[*PCE" |

¥ aplap PCA Loadings | conponeata ]
Inadimgs ® pd. DataFrsse ] pes. components_ T,
Indenzdependent_vars
colssns=[ 'PC1", 'PCEY; RERY; CPrat, PESD)

print(*\nPC& Loadings (Vartshle Contrdbutionzi:®)
print{loadings)

¥ eplained Variance datio
explained_variance = pd, Dat aFramsd |
"Principal Component 't ['PC17, "PC2, “FC3°, 'PCAT, "PCSU0,
‘Explaineil Warlasce Ratlo'; pca.seplabned varlaomos ratio
k¥
print(*\nEaplalmsd Verlance by Esch Comporsnii ™)
print (explained_wariamco}

N Mestmip b Lol Liga

ple. figure(figsizen{ina, &))

w5, hestwap( loadings, annoct=True, cmeps'coolwarm’, cenker=0)

ple ditlnl"PLA Loadings Hewtmap®, Foetsize=if, fontusight="lald")
ple. tight_layoirt(]

Pt akwa )

#. Ernfmpnced  Screw plof

Fig: sx = plt.sebplotsd Figsize=(13, 7})

# Coliulote cuselolive srplolhed verFionds
com_gxplafmed weriance & g cumsunlpos . esplabred varlance ratio )

B Crdgbe 3 beawPlful sered ploalf &L0H dusl p-dxds
bars = an.barf

rangall, &),

pia. axplolned varlonce_ratla

alphasi. 7,

colorz " Eh4RAL"

widkbh=@,4%

edgacolors' black®,

Hnewidthz1.5,

Isbel="Individual {wxplained Variance®
]

® Al valie (otels on top of faees
for bar le bars:
height = bar.get _height()
a et
bar . get_x{} = bor.get_width(}ra.;
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height & A.81,

Frihmight:.2F}",

Il ' iR

vl ' bottom’

oo i L gt * b 1d?
:

# (regty @ sevpnd p-gris for the cusylattes Ling
axi = an, twinal}
sxt . plotf

rengell; &,

cwm_gxplained variaonce;

Teed

calor="BCCRGM T,

Linswidrhed,

markarslrenll,

labale Cumulative Explalimed Yariance®
d

# ddd volwe labelp For the Line
for i; val in smmerate{cus_sxplained. variance):
-ﬂ.*-:!{
1+ 1.1,
val - @.B%,
T ivalsaadrls
colors"#CCLOIT"
Tontweights bald
;|

& Add @ Pecizontel Lise of 0.8 [00X) for cefersnca

g, mwh lime{y=8 .8, color="gray", lineskyle="--"_ alpkaz§.7}

wx}. fext{d.5, 080, "B Threshold', wvas'center', alpha=0.7)

¥ (ustomize the plot

ax. et xlabel( 'Princlpal Cosponent®, fontsizesid, fombweight="bold!)

ax, set ylabel] " Individual Explalmed ¥arlance Ratio', fonteizesid, footwelghts 'bold')
ang aet ylabel{'Cwsulstlve Eaxplaleed Variance Ratis’, fembtslizesls, fontwsights'bald’)
ax.sel title] Seres Plof with Cususlative Werlance®, fontslzesil, fontwsights‘bald' padezs)
ax.eat_wticks{rongs{1, 6))

s vet wtirkEshela(IF'PCIiY" for i im ranpe{l1, 8]}, Fontzize=12)

gx. tick_params{axin='y’, labelsise=11])

ax}. Lick params{axis="y", labelaire=13}

F Al w ogeld but ool on the s-uxis
s grid{acis="y ', linestyle=s'--', alphaze.7)

# A Legeads
Tinesl, Fabelel = ax.pet legend handles labelef)
Linesd, Iabaled m axZ.get legeond hamdles labals()
an. legindi 1inesl o lines2, labwlsl » labels?, locs'upper left’; Fontsizes1d)

#® ddd o spbile background colors
fig.patch. set_focecolor(' sFOFSFE" ]
px.net facecolar( "SFEEEEE")

plt.tight layeur{)
plt. sheowl )
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@ Pownd oo f‘rinl_‘fpﬂl Compunemf ool psis fﬂ'{,l‘ Flie in Fxcwl Fermpd:

¢ Using the “df" DatoFrose that cantainr the POA remdlte frow powe oeolpris
¥ This code will dowwiood the Datofsose with the ¥ Preofect Succecs coluws in Ewcel Fformat

Pt sake suew e Dotafruese LF saved Do oo Excel f‘[ti‘
dF_with_pés path = “date_with_peaiaisx’

dF . bo_emcal(df_with_pca_poth, indmu=Falaa) & Changed ta_coir fo bo_secel
print[F DataFrese with POA compoments ssved to (dF with_pca_path)®)

# Dptlown 00 Dawlood weing Filedlok (ks in JeopyTer Mababook )

From IFythen.display dmpert Filelink
display({Filal ink{df with_pca_path}}

EDA post PCA:

& Chack the dofofrose post PCA:
df baadl )

df.shaps

& Check suery of Ghe debofieies

df _stats dF describe(].T

df_skat] ' Range” = df _slat] 'mex'] < @F_stat| 'min"]

df seat]'IOR' |= df stat] 755 ] - df _stat]'25%' |

df _stat] 'Varlamce® |z df_stat|'std' |*df stat]'std']

df _stat]'Coaff of variation'|= 4f_stak| “std’ |rdf_stat| ‘maan’ |
df_stat

# Drgp the "reand’ colden
df_aket = f _stel drogpl “count’;, sxis=i)

df _stat

F Wlovali:e riesing woloes
mana. nabrelaf di']

ispart math

#® =t oy mueesis colusns For ristogros
nussric_colusms = JdF, select diypes{includeznp, nasher}, coluans  tolist{]

& falculate grid disei (e

f_cali = 2
n_rews & mabh ceiiflenfnumecic columns) f nocols}

¥ Creote ¢ Fliguee with opprogricte §SlEe

Flg, w=es = pitissbplots{n_rows, n_cols, figsize={3*n_cols, 4"n_rows))
& Flatied the msgs arvay fo sake Lnlecing easier

avas v ames. Flatten()

& fat the wiyle
wns-set_style(“whitegrid® ]

@ Craste ¢ color palstte with amuph coloss
colars & sedcoler palette"busl®; Len{mmeric colwens))
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® Mot eoch wariohie

feor 1, colusn dn ssussrcate(nusarlic_colusns):
¥ ize: the axdl areay iastead of gLt sebmlor
ax ® axus[d)

& Creoie Sislogros with KOF
sma, bl atplae]
datazdf
aztalen,
kde=Trun,
color=colorsii B Jen{calors) ],
alpha=6. 7,
edgecalor="blsck’,
Hnowidthsl, 2 Fdge widtn
bins=1a, & Wumber of bins
m=an F Uza the curvent asls

K

& Add meve Eine

il w0 df[colemn i maant)

ax_anvline(mean_val, colors'red’ | linestyles®--', limealdthez,
labe]l=F"Hean; [mean_val:.371")

# Aded mpdian Line

wedian_val = dFcalumn | mediant)

g anv 1ine (medion_val, color=®green’, Dinectylez'-."', linswidth=a,
label=f"Modian: |(mediam val; . 2f)')

¥ Add title ood Labels
ax.set_titlelf* [eolums]’, Ffontslzes1d)
ax.sal _wlabal ['') & Pemovis x-Lobel lo sdee space

¥ Only show j-lobel Fror lefteost pliots
i L X n_cols == B

. iat_ylabal( "Fraguency' ., fomksiza=la)
mlas:

ar . 5et ylabel{""}

# Add Legend
ax, Jegard{)

& Hige ey wauned sabplafs
for j in rasge(isl, lenlazes)):
acen | ). ent_vigible(Falun)

& ddjust Layout

plt.tight layout{}

plt subplots_adjust(toped. 95)

fig.suptitlel 'Dleteibution of AlL Vardables', fomtsizewls, fontwsights'bold')

# Shesr the plot

plt .3howl)

¥ Select only nemeric colimms -

memeric_df = df.sele=ct_dtypes(includes| masber’ 13
ﬂ'F_l:#r-r" = mmmeric_df, :n.r-r{,

df _corr
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¥ Speursan Coreelotion Sriris Meoteop AFTER #C4)

® First, select osly muweslc colpmns for corralobion amafrrie
numeric df = dF. aelect_dtypesingdlude=i ‘rumbhsc’ |} & This wslecks anty mmeric colums
df_corrl = museric_df .corel )

# Sat uwp bloe safplotlid Figurs
plt flgure(flgsizes{12, 18)}}

R Crowte o mask Foo the vmper triongle
mazk = np. teiulopoones_ like{df_cerrl, diypesbool)}

B Celormup! sogan perveptually uriform (hlock &0 wel Law)
iy = ‘magma’

® Pption £/ Covtos polette
#omap & sasadiverging potedtte(2d9, 10, oz ceepefrus) Filee fo Aed

¥ Pogw the hesteup with the sask snd coeeect aspect matie
ik heatmip(df_dorel,
mask=nagk,
EREnScHAR,
vRaral,
wedne-1,
center=l,
squarezTres,
Limewidths=, 5,
char buie "sheink™: 5],
anmnlETroe, £ Adds corrilation wiless To delld
k" 21 ) & Foramt For e drnatabioss (2 terimsl ploces)
& Acdfunt the mlob
plt_tlght layout() )
plt.titlef Spearman Correlation Matrels Heatmap Post PC&', fontsizesld, pads2n)

# Show the plet
plt.showl}

Cronbach’s Alpha:
# Aelimbility Chack [Cronboch’s Alphel} For a1
® Sefect wll Likert-scale dndepemdent voriobles (el toox14)
Huert_vars = ['wI_Pepathy’, ‘w2 _Automation', '=5 wision', ‘wd Sustfchice’, 'x5_RegSource’;

"'lﬁ_ﬁr'n-rl.l'r'. =T _Homan® ':B;SHFF", "m¥ Gmiwrmance” , ' elS Skrabegy )
'ni'l._Ilru.llI:-l' ¥ ':_'I.I_hl:rnlpnq:ltln'. 'nii_lq:-d.i—nﬁl' - ':-11_:-hp-llin|1' |

& Check {nterdal Eedin L ndpmd
alpha, _ = crombach_pipha(datasdf| likert_ vars))
print{f Cronbach’s Alpha: ‘alpha:.371%}

#® Wefinhitity Check (Cronback's dlghet for- i

® fwlect ol Likert-agale indepecdent vmmiobles (2! fo 21d)
likert_wars = [ "yl_Schedule', "yl Cost', 'vi Quality’, ‘yid_ Scope', ‘v5_ Cusbomer' |
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# fhech interval consistency
alpha, _ = crombach_alphaldata=zdfllikert_vars]]
print{F"Crombach's Alpha: Jalpha:.3¥|"}

Multiple Linear Regression (MLR) Model:

® Ml til e Ciseoe Bageesslon

& Define X omd w

F X o= dff [Foafd}” for U dp romgef(T, 16))] & &l fa w15

Ko ][ x]l Empathy’ "¢l Automation®, '=3 Wisiom", “xd SustEthics’', ‘=5 fegliource’, “=5 drowth’;
"l?_?i.-ulrl'Il '.ﬂ!_ﬁ:up-r', "wll_Coywrniance ', “x10 Stratagy ', II.‘|.|._:|:'l wumflas ', ':ﬂ_ﬂ.l Lrovpuctive
"2£13 Impedisenks’, 'ald Inkegrailien’ ||

A or se.add censtant{X) & Acd IwBercept
¥ o= df["Y_Project_Sucoess? ! # Depmngent pariahle
# Fit moolel

woddel = am R SCY, KYFiv()

# Haploy regression results
print{model . suwmacy( )]

MLR Model Dignostics:

import pardas as pd

import numpy a5 np

import statsnodels.apd as =m

Frem dhladrn.made]l selection ispert Gratm test split

Fros dkloarn.satrice dnpert 2 scard, seen_sguired ercor

& [ped ord prepore pour datc

o= dF[["wl_Empathy’, "2} futomation”, '=3 Vixion"; "s«d_Sustfbhice', '=5 Regiource';
"xb_Growth', "x7 Human', "28 fcope', 'a¥ Gevernsnce”, "s10_Stradepy”,
w11 Tzsusfes’, ‘w1l Betrospective’. 'w13 Impedisents’, 'wid Integraticn®]|
y = oF[ 'Y Projoct Soccess ']

# Agd constant For trtercept term

Hom waladd connlang {I:]

F Saldt isto tedds ded Feel aeta
X _train, X test, ¥ train; y_test = train test split(X, y. test_size=8,}, random_statesd})

# Fit dLs Model
lo_madel & sm.OUS(y trate, X teadn).fitl)
F Prodict on trobming and Eest dota

¥ train_pred = ols_scdel. predict(X_tealn)
y_btmat_pred = als_medel . pred I:‘l‘{ﬂ_hn‘t}
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# Colculote ®Y omd HMLE

r2_train = r2_scorely_train, y_traln pred)

r2_test = 2 _scorefy test, y_btest_pred)

rase_train = spusgri{mean_squared_orroriy_tradn, ¥ tealn_pred) )
rasE_test = np.soct{mean_squarad errorly_test, v test pred})

print I: "Trajniesg R i = Y l'w.:d{r]‘_l.r.l.ﬂ ) :I

pra rl‘.t.Tl'I!:..h‘ -H:."J rnul'i:l{r:]._‘ltl'llll ]:l:ll
print["Training NASE+", rocmd{rese_tradn, X))
print( Testing RMSE1S, round|rece_test, 3))

¢ Jpilanal s Sesmary of OUS Model

F—inﬂ.tnl-_—nﬁ]-i_ﬂ{}:l

r Residucl omalyeisl sesldurly vi FIITad woloes for fuall soodel
residusls = model . resid

Ffitted = mode] . fittedvalues

# Mot reciguals fo check for potteres

sns. residplot (xefitted, yerasiduals, lowessaTrus, lime kess{ colop': “red’l)
plt.xlabel{“Predictod (Flttad) Values from MLAE Model™)

plt,plabel("Aesidusls (Actual - Predlctea])®)

plt.titlel *Aesiduale ve Fitted Valoss®}

plt.achlimed, lisestylas"=-', color="hlack"]

plt. akow] )

Non-Linear Model - GAM Model:

¥ First, tnetoll the pwgos pockoge
lpip install pygam

¥ Iwport necessary [lhracdes

from tklzarn.wode]_selection dmpert traim_kest split

from sklegrn.eetrics dmport rZ score, sean_squared _error

import nuspy as np

ispert matplotlib.pyplot as plt

From pypies fmport LinsacGaM, &

from statimcdels, nonparametric. smonthers_lowess dmport lowess & Jmpoed LOWESS for waoebh curie

& 0 g popre glessdy deftned Tnophowe oo,

¥ Split the dote into trodoing ord testing dets
W traln, X test, y tradn, y test m tealn test split(X, y, test sizesd.2, random stabesd2)

¥ Creote and FAE the LI wodel
g = LimearGad]
w(8) + 2{1) + =(Z) & T[0) & a[&) & =[98} = ={6) +
7] + s(B) + 5(9) + s{18]) + s(11} + s{12} + s{13)
}I-f;l.‘l:"h_‘;rﬁn-\rplu-l.‘ r_tl“.!_rl-l'.llﬂl:

# Bvmiunte nafel
y_traln_pred & gas.predict(X tealn}
y_obest prod o gas. prodiet{X_test)
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tealn_ P2 & FI scoraly_tralm; y traln_pred)
test_rd = pd_scaorely_ tert, y test_pred)
test rese = nposart(eesn_sguarsd _erroely test, v _test _pred))
train_rmse = np.sort{mesn_squared_ercor{y_train, y_trein_pred))
print(“fraining A", rosod{train_ri, )
printi"Testing M¥:%, rousd{test_rZ, 33}
print{ "Train FMSE:", rowcdftraip_rese, 3))
print("Test AMSEr", roound{ftest rose, 1))
& Mot pacdidl deperdenis For sdch jiredictor
Tig, azs = plet.subplova(d, &, Tigsires(i6, 13})
for b, ax in snumersle{axs. Flatben]):04]):
i = gam.gensrote X _griditera=zi] # Gemerote grid for festure |

W Fie: Nandle the mrtiurs voluss sore Flosthiy
partial_result = gam.partial dependence(terssi, X=XX)

o Chech phud dtype of coesulf se gob and- hoedle accprdipgly
if {ainstancepartial _result, tupls):
# If " om fuple, sxtract the Firsl Fen Slenents (pdep anl donfldence ddiledeila)
pdep = partial_resultia]
confl = partial resaelt|l]
elser
®IF 1t not o tuple (e.g., Just an greow), ese L odleectly
pdap = partisnl resuld
confi = Nona

# Mot te partial depemdenge
asplot(X¥[ =, 1), pdep)
EF confl is met Mone:
ao, 111 betweon{XK]l =, 4], confifi, @], comfil:, 3], alphasi. 2]
ao. set_titlefX columnai{L]})
plt. tight_lsyaut(}
plt.ahowl ]
® Plot resiclols ve Fitted volwes with LDESS curae
residoals = ¥ _test - y_test_pred
ple flgure{figefean{s, &}
ple scattar(y tost_prod, residusls, colors'blus', alphas8.g)
plt.axhlineld, color='klack®, Linestyle='--']

& Age [IESS . sanobh chrve (red)

& Froc peronetes coptrcls ssoothness [@.5-9,F iy often o good choice)
smaothed = lowedsiresiduald, y_best_peed, fracsBls)

plt, plot (smeothed) ;. ], smacthed|:, 1|, colors'red’, Linewidth=32)

plE . xlabel{"Predicied (Fitted) Values=)

plt. wlabal {*mocidnalc {Actual - Pradicted)™)
plt.title("Aesidaals vs Fittod Valwes [64M Modpl]™)
plt. show()
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MLR with OLS and all 5 dependent variables Separately:

& Myl brple Limwar Begreaddor - camstdecing LS and all 5 depradand sortablies:

& Defiee X anc ¢

# X =dff [ ={i)" for i in rooge(l, 18)|] & &1 to =I5

Kz df [ 'ad_Empathy', "mi_Autowation®, =3 Wislen', 'sd_SuskEthics', ‘=S BeqSource'; 'wb Growth®,
‘2T _Human", =8 Scops”, "=l Goveenapes’, 'zl Strategy”, "=11 Tesanfes”
2212 _Retrosnpective”;, "wl3 _Impediments’, 'xid Trbegrafiom’ ||

K = sm.add_constant{X) # ddd intercept

F You meed Eo pun sepevratsr regressions for cockh depondent card{able
B Here's bow to e It fow eoch colosn i ¥
depandent vars w | “yl Schadule’, “y2 Coat® . “vw3 Qualicy’, “wd Scopa’; ‘i Cuctoner’ |

#® lopp through eoch deperdent varioble ond Ffit a sepaccte sogel
#ar dep_var is dependent_wori:

Y = df [dep_var] # Nelect @ single depengent enoriable

F it model

model = am OLS(Y, B} fill}

B Hapldy Fegreaidan Seaulba

prine (P pRegression redulls for (deg_varl: ")

print (moded . s oy ) ]

MANOVA (Multivariate Analysis of Variance)

# Bl bywicials Bégreds i Tedhntgued ARV [Muld i Lol Amald i i af Vartance)
W Bl Fiple [{meor Bagrwsiinn with meltiple depwadarsld warimhled

impart stalescdely.apd sa &m

lspert nunpy B3 np

fren stetsmodels. miltivarlate . mamove Lepert MAROVA

¥ fefine X and w

X = df[ | '21 FErmpathy ', "=} _bictomation’; "= Wision®, 'uwd SustEthids’, “=5_Reghource”
' fromth” “x7 Humen', “x8 Scope’, 'a¥_Gowvermence', ‘xl@ Strategy .
"®11_[esueed ", ‘=13 _Ketrgspective’, "=13 [epedisents”, "xld_Lntegration” ]

¥ =df[["vi_Schedele’, "yvi Cosk', "vi Quallity’, "y Scope”, "vi_Curvtemer"]]

B Add constant to X for (atedcept
¥ v oo add_constast(f)

& Fif EANOVA moadel
mansyd = MANVALY . valees, N.owalues)
print{manovame_teat(])

B IF pew wef o oiokesl pogpeeds Lon cesalts foe aech depardint weeiobl e
B flf pant B praisn? Phes fogetiee)
rasults = [
For dep var in Y, columms:
model = sn OLE(dF[dep_varl, X}.Fitl)
resultsidep_var| = sodel

# Peoint o suweary of @il sodels

print( nSimeary of all rFegreislon nodile:®)

For dep var, model i results dtess():
print(f™\peee Bodults for (dep varl ===}
Frinl.{ F"R- wtjuasraid - I:ﬂd.l'].r.qlul'nrdl.-ﬂ: ':Il
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print{ fAAdfusted E-sgeared: |model. rsquared sdf:.af]®)
prine{foF-etatistic: (modal. fealue: 4407}
peint [(f Prob (F-stoatistic): (model.f pvalue:.af]|")

& Print cowfMHetovids and @ raluen
primk t" YrnCowff i:imt!:'}
fpor i, war dm -ﬂ_l'l'l.{!.ﬂﬁl_lll‘
cosfl = model  peramsl
p_wal = model.pealues(i]
print(F"(var|: |coefi.87) (psip val:i.ar]}")

# Coeffictent hertmap: Predictor ve project sucoess Gubcose
dmport matplotlib.pyplot as plt

dmgart seaborn ag =n:

dmgart pandas ms pd

impard nuspy @S np

import statssodals_apl as &m

From matplotlib. colors impartd LimbarSagmentsdCelarnap

& Sar glabal fant aiss

Al _reFaprans . opdatal| “Pont . aime': T4])

® Define X and p

E = df[ " _Eppathy’ . i dutomstion”, “xi_¥ision'. "wd_Seskbthics’, “x%_Begtource’,
"af_forowth®, "wF Humsn', k% Scope’; a9 _Goversance’; "HIP Strategy’ .
'ul_tu-:-uul'c:'. '®12_ Retrospective’; 219 [epedisents’, "x1d4_Integrotios® 1]

Ve -d‘r“ Iri_sl.hljlllll i 'r?_l:nl.l.' i "fi_-llll-ill'r' ¥ ':,ll-_Edm', "fE_I'.'l.rlt_il-" 11

# Al conabant o X for dntercapt
K= :-.ld.d’_:ul.tlnt{li_!]

® Crpgte & Drtafrowe fo stors coefficients
coef_df = pd.Dataframel indew=X. columns)

& Fi sodels el exfroct ool ficlents
For dep_war im ¥.columns:
moda] ® sm OLS{dF|dap var], X).fi2()
couf _df| dep_wir| & sodal . paraes

# Kemove the congtant eow. for hetter wisarl{zotion
coef_df = coef_df.dropl ' const')

& Droote o custom coloreng: ordnge-yollos-prean ({nuertoed from previous)
colord ® [ “oramge” ), ‘wellow®, ‘greanc ]
cuslon cmap. 8§ LinserSegeantadiolerssy . from 1ist] 'DrangeVallowGreoen'; colars)

# Cregte v hootmop with the custos colorsar
plt.Figure[Figsize={14, 11}
heatmap = in=; heatmap(coef df, amnot=Tree, mapsruston_cemg,
fut=". 3", linsgidtha=.5, snmot fows=| "size™c 16])
plt title] "Coaffleiant Hoatmspy Prafictors ¥8 Project Sucoees Outcimed ', fontsliesdd)
plt elabul(‘Profect Setceds Oubcomas®, Tontsilreadd)
plt.ylatal [ "Predicbors’, fontsizea22)
plt wticks (fontairanls)
plt.wticks [ fontsize=id)
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# Add o colordass Lahel

thar = hastasp collaction[B)] . calarber

char.sat_label( Cosfficiont ¥alu=", rotatioe=270; labelpad=30, foetsize=00)
char.ax . tick_param:z{lshelsize=16)

# Freote o second hegtmop with p-volses to show significonce
plt . tiguralfigeizea{ld, 123}
pval df & pel, DataFrame( IndensX, colums}

® Fie moulels opd exlrocd preslurs

far dep_var dn ¥, columns;
model = en. OLS[(dF dep wvar]l, X}.Fitl)
pval_df{dep_var] = scdel.pvalues

# Remvee Dhe fondbanl s
pval of = pwal df drosl'ceanct’)

F Creute o cosbdined wisoelizetdios: coufflcients with slgrificonce inddcotors
plt Figurs(Figsize={18, 14})
F Croabe the heotmap with custos colormas
heatmes_comhirad = cns_ hoatesplcoef 4f, asnoteTees, cwapsiustos cmap,
k=" 3F", linewidihs=.5, srmot_kes={"sfce™: 16],
char Kug=] "Tabel': “Cosfficient Value'))

N ddd gabertoks te sigei ficant values
fer  dn eangellen(coef df. index)):
far 1 dn rln!.-llﬂmt:n-:f_,df.:u.l.um.]}:
i pval_df ilocii, 3] 4 Bopgn;
ple test(d « 0.5, i » 8,85, """ haz'rpmber®, coloe="hiack®, foobweight='bold', Ffortsi
wlifF poal ol §locfi, §] « @.@1:
plb.temt () + 8.5, 1 « B.AS, "**', haw copter’, colors black’, fomtwelghte bold', fonteds
elif puval ef Sine|l, §] < 8.85;
ple. tawk(f » 8.5, 1 & B.6%, "*', has'conier', colars'black’; Fantwelghts bold”, fontoizd

plt.titlel ‘Coefficient Heatmap with Significemce Indicators', fortsize=id)
plt.alsbel( " Project Success, Cutcomes”, Tombaipe=31)

plt.ylabel( ' Fredictors’ | fontaizs=22)

plt.nticks(fomtelizani®}

pli.yticke{formtsizaz 18]

plt. figtext{0.01, 0.1, '* p<0.83, ** pi0.91, *** poE0nl”, has'left', fontsizezis)

¥ Adjusd soloebor forl gike

cbar = hestmap_conbined. collect lon | 8], colorbar

char et _label('Cosfficient Valus®, rotationslTl, labelpadsis, fombeigssia)
char . aw ¥ i:k_'lll‘i..ltlﬂljll!ﬂiﬁ

plt.tight layout()
Pt nhow]
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& Fotalie Hevlmop ' Sigeificonce

& Sef globsl font ol
plt.rcParess. updatel | 'Tont.size" ) 14))

# fefine K gnd ¥ ;

X = dfll "x1_Empathy®, "= datomation', ‘=3 _VHsion®, =4 SpstEthics . ‘=% HeqSowrce”,
“mb-Growth' . “WF Human®, "=bi_Scope”, =Y _Governamce', ‘=18 Strategy’,
‘x11_lsswefes', 23X Hetrespective®; w13 ispediments”; “xia_Irtegration']]

¥ e df:-: "yl _Schedule” 'r:_-ﬂ:l:t" "y Quality®, “wd Scops" 'rE_Eu:!:—r' 11l

R T T for inlercepl
X = sm.add constant(l}

# Cregte a Dotofrome to0 sioee povelues
pral_df = pd.OataFresalindexsi. coluans)

& Fit models ondd sxbract pevoloes

far dep_war &n Y.colusne:
nodel = sm OL5{dF | dep war], XI-Fit()
peal_df|dep_war | = modal, pwsluss

¥ Romoyve the constont o

pral df & pwal dF.deopl comet')

colors = | 'BOSGAMA' 'EIICOI1Y, “RFFEELD"] ¥ Dork Geeen, Lipht Groes, Light Yellow
custon_cnap: = LineariegrentedColormap. from_List( " Greentel lowShignd ficence”, colors)

# {reote @ mesk for moo-sigrificent sulues (te highlight sigeificont snes)
miik = pual_df = 0.05

& Sab wp Phe Figeee with a Light backgrowd
plt flgure{Tigeizen( s, 14}, Ffacecolors "'AFFFFFD") # Light ¢reom bockgrowid
mx = plt.ases()

ax set_fasecolar| "#FEFFRE" )

& Cregte the s-velie heotsap
heatoep = sk hestmap(pval df, aenotsTrue, fabs® 40,
cmapsiuiton ceap, mackemask,
Hpswldthesl 5, veipsl, veacsl 1,
annot kuEn | "lze®: 16, Twoight™: “bald®),
choar_kws=!"'lnhel?: “pevalue”,
“ticksi |0, 0.03, 0.0, B.17})

ol @ secomd heateep Coper for ponegtgeifocand wiloes pith o weldow moelette
yelloe cmap & LinearsegeentedColormap. from L0st( " vellowShades®, | "WFFFBCODY . "BFFOTBE" |) & LiphE pe
s haatmap{pval _d4f, annetaTeus, fwts' af®,

cmspeyellow cmap, l.llh-..ll.l:_,

Heewldthial, 5, valned, vmansl.B,

prrpk_bows={"size” s 160,

char=Falps)

# dod sigeificance tndicators eith star spebols
for § in range(leaipeal_df, index]):
far j dn rmpflmfml_ﬂ-:ulu-l}:l:
if pral-df. flocli, j] € &.800:
plt texu(f + 8,5, [+ B85, “wkd'  ha="center’, color='whits’, fonkweight="bold’, fent
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slif pual_df. iloc(i, §] « @ @1

plt.text[f ¢ 8.5, 1 & 0,85, “#%°, haz'center', colors'white”, Fontusight='bald’, fonts
wlif pval df. iloc]i, §] © @05

plt.text(] + 0.5, I » &85, “%', haz"conler’, colors'white', fontweight='bold', fontaiz

# Add m porder o the haootenp

far . spine in ax.spines.items{);
spine.set_visiblelTree)
spine. iel_Iinesidihid]
splns. tat_colac{' MBE488") & Dork green bordse

& Enfepace title and lebela

plt. titlel 'P-value Heatmap: Statistical Sdgnificance’, fontsize=id, ped=19, Fantweight="bold", colm
plt=zishel | 'Project Seccess Outcomes”, fontaizezdZ, Isbelped=l5, colors'sHHLIHS")

plt . ylahell ' Predictors” ;) fonteizecil, labelpsd=iS; color="ROOLA0S" )

¥ IncPposa tick label size
pit.stichs{fontstzesis, rotatdons45)
plt . ytdchs|fomksl zeais)

& Add [agend widh [arger fond
pit, Figteat{i. g1, 9.6, '#& PR G, &Aool B, SdE poBUBR, has"left, Tontaire=il, colars" s

# Aujual colowbor fanl ailse

char = hestwap.collections] 8. colorbaer

char.set_labell'p-valae', rotaticn=278, lsbelpad=30, fontsize=2R, color="BHEAGE0E" )
char, e tick_params{labrlsize=16)

plt.tight layeur{)
plt. sbowl )
VIF Score:

& Dependent and Indeperdent variakles

yi & df [“¥_ Profect Sdccsaas®™ )

XL = of[| "wd_Ewpathy™, “wi Sutoastion™,. “wi Vizion", “wd Suerfthicz®,
"h_Regfource”; "uS_browth®, YT Hmen®, “w#_Scope’,
g% Governamce” . "nll Stratepy”, "xll_[ssuskes®, "sl? Estrospective”;
“x13_Iepediments”, “xld_ Integretion”T]

" Add constont
Xl = se.add_constamt{Xi])

& I'mpsrt e reguired funcddon
Froa dtatessdals stabv.sutliars_influsnis fmport varlesce lnflablen fackos

® Calcwlate  VIF for poch smeigtile

wif dota = pd.Databress(]

wif_detw| "Feature™] = K1, columms

wif_date[“YIF"]| = |wardasnce_inflatdon factor{di.values, i) Tor 1 In remge(X1l.shape(1}}]
prirt{vif_ data)
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Cook’s Distance:

lmpart statoecdels.api s e
R I'mport the OLSTnfliwnce cless fros ctotoended s
from statsmodels. stats . outliers_infleence dimport OLSInfluenco

model = wm.OLF(yl, Ki).Fitd)
InTlusnga = (SInT ]ui-rﬂ-{ﬂd.tl}

# Cool's oistonce

cooks d = infleence. cooks_distancal #]

influential_pofnts = mp.owbere(cooks d * 4 / JendX1))08] & sule of #homb
primt{"Influential observatiorns:™, Ieflusntial_paints)

Robust Linear Regression Model:

rle_mode]l = sm. RLA(vl, X1, Moss, eobusk, nores  HuberT(J)
rlm_results = rlw_model, Fitl)
primt{rls_results. sumary( )}

Bootstrap mean & Influential observations:

#From shlogen.wbtils Lepert resaspla

coafs = ||
for 1 dn range(lB@a)l; & 1069 boodstrop cowples
sarple = resample(df)
y_sample = sample| "V _Project Sugcesy”)
K_iample = sn.ndd_constant(sempls| 1. columns, deopl "corst™) [
model B = em OGS(y_seeple, X ssmple).fief)
coefs. append{mode]_bs .params| “xd_SuskEthics® |}

¥ Confldende dnterval For Sistolsabliity eoefficliest
print{ *Boctstrap mean:®, np,.sean(coefs))
pr imk{™95% CT: i m,ﬂrr_mll]i[tmfil 1248975 _H

Anfluence = wodel .get_ influsece( ]
fc. p) = Influence.cooks distance

Fli & l.'l.l'.lfrm.r‘ 1-11-‘ € :I :I 2 &, marksrimt=" "

pli.Eitle [ "Cook"w Divtange Ter (ubllier DebecEion™)
pli_xlakbal t Eibgmrvabion index™)

Fii -]ll-lbll ! "lech's Hiukance"™ :I

plt.showl )

import mumpy as np
dmpert pandas =s pd
ispert statosodals apl ms cm

influence = model,get infleencel )
cooks_d, pvale = influsnce.copks_distance

¥ Covwart to dotafrass wlth obseraation irdices

caoks_df & pd.DataFrass |
Foba™: mp.arange| leafcooks 4},

209



"eeoks d": cooks_d

H

# dpply thresheld
threshold = 4 ¢ lenlcocks_d)
influsntial podmbs = cooks_ df [cooks_df| "cooks 4% » threshold)

priet{ " Thrashald: ¥, Ehreshald)
primt!“Influsntial observations:")
prict]influsntisl_pointa)

LASSO Regression Model:

& LASED Regrpswips
& (A WIF sepre abowy sulfBteoltpeurity, s will use Loepe Regresstion
# This will owtowstically selects iaportont vorlobles omd shedlnksyzerc-out out otkees)

From skloarn. linear_model dspert LassolV

& Check if "cenel' coluwy erisls befoare droporing 1f
4f “rorat’ dn X.eolunne:
¥ lawso = X.deap( ‘const’, axis=i)
mlam;
X lagso = X F Uee X o i if “conat " doese 't exiet

model & = LassolW{cwssf. fie(X lasso, ¥}
primt(model_a.coef )

From shloaen. linosr modal ieport Lascoll

& Drap "covmd " A presend
Af “comal’ dn K.eelumns:

X_lapwe = !-rh'upt"rml.h', p:iq:.l:ll
mimm;

¥ lagio o X

& Fif Lassoll
modal & = Lassolvicwsd). fle(x lasso, ¥}

& Print comfFiciente with Feadfure nomes
#or fagture, comf dn zip(X_ls=zso.rolusns, model_a.coef }:
pramt [ | festere) = [coef . 4F]")

® Lassp Coefficiemt Math:

Team tklearn.lincar model import lazzo_path
Trom . sklearn.preprocessing dmpart Stondardscater

& fefine Phe prediciora and respomas

M o= SE[ "¢l _Empalhy”, ‘=2 Aubemakica', '=3_Vision®, “xd SustEthica', '»5 RegSourca’;
"wE Grmalh', T _Human®, ‘w8 Scepe”, ‘=i Governancs', ‘w10 SErategy’,
"ull_Issweles', “wlZ Retrospective”; ‘nl13 Iepediments®, “x1d_Integration’ ]

¥ = df[ ¥ _Prodect Success’')
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# LStondordize predictors
acaler = Standardicaler()
A ostd = sgaler, e _tramaformid)

# Compute Lossn patie
alphas_lakso, coefs_lasso, _ m losso_path{X_std, w)

& Plot Ehe poth
gl figure{Figalean 18, &3}
colors = plt.ow.wiridis(np. Linspace(#, 1, coefs_lasso.shape]B]))

far I in rongedcoefs losso.shape! )]
plt.plot(np. LogT@{alphas lasso), coefs lassalil, lebel=X.colwmneld], lirewidth=ZX)

plE cxlabel(® logiaga Igha :I L} "'nn"!‘i:nti,

pl.t .r!.lh-! ' CnafFicients" o 'Fnrﬂl!..l.:i]:
ple.titlel'Lasno CoeFficiant Path’, fonksize=td)
plt.legend{bbox_to_anchors(1.8%, 1), locs-upper left')
plt grid(True)

plt .t Ight Luyoutl]

plt, shewl)

One-Way ANOVA:

¥ Rypothesis Testihg coch irdependmot wariahie (o)

® Dag - Woy ANOWE

# for sl Empothy

® Teat AifF different levels of =8 Fspothy (different cotegeoriesf =1 im Linkeet Scole)
# impur t praject AUcCERA

anova_modiel = sef.alil ' Preject Success = C{=i_Empathy] ", date=df) Fit()
anova_reselin = §n,slals, anova_la{anove sodel, Lypsl)

print{anova_results)

® Fest of different levels of the =2 Autometion {spoct project success:

anowva_model = saf.ole(*Y Project Success = Cixd Autcmation)®, detasdf).rit()
anova_resulis = sm.slebs, enove_le(ances_model, typsi}
print {-lh-u'_rmli'-}

¥ Test if different levels of the ] Victon impoct project success;

amova, podel = swf.iols('Y _Froject Suctess — W3 _visdon)®, data=dfj.fFit()
arava_rasulis = smoebebs.ances_lofandva model, tywpcd)
print [aneva_reeulte)

@ Tear §F different lévels of of SectErhice epocl l|:||-|_:|_1:l!:r' FIrSE T

arsoya_mode] = smf.els (¥ _Project Swecewis =~ Cledl_SeatEthics)’, d#li:l’F:l ,Fi.l:{:
amava_ratults = seowbebs. aneva la{enovs sedel, typ=2)
perint{anova results)

# Tent if oifferent levels of a3 Meqgiowrce impoct project sucoesy;

anova_sodal o sef alef'Y Project Sudoecs — C{wS RexSourcs)’, datamdf) FLeil)
anova_resulte ® am.stats. anova_Im{amova model, typaz)
primt{anove results)
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& Test if diffarent levels of o8 Growth impocE profect SwodEsss

anove_podel = saf.ols{'Y Project Success = [[xh Growth)®, deta=dfj.Fit()
arove_results = smstats, amava_ lelancve_model, typsi)
print{anava_results]

¥ Teal wf H{flflll-'nl [gvwls of o7 Human impoct progect SCcriE:
ancwa_model = aef slaef'f Project Sucemin ~ E(=7_thman)', datazdf) 118}

ancwa_reselts = so.stats.anova Im{anovs model, typsid)
print{snova_results)

# Tt if different levels of w8 Scops impoct praject ouceess?

'fqll'p_mdt.l. & -*-ni:: 'F_Frd.j.:!_ﬁucﬂ'rl = El:_i.i_".il;:pl:l" ﬂ.ll:ﬂf_:l.,fiiﬂ}
ancea_resulbs = u-li.il.mﬂrﬁ_l.l:'m-_-q:hll ‘i.jpi;'}
print{anova_results)

& Test Af different Loveld of =28 Govermimcs Enect project  socoen )
anova_podel = saf.cls{"Y Prodject Success = Ci{x9 Governance) ', datesdf).Fit{)

prova_results = se,stats, amava_ Isfancws_model, t;rpz_t]'
print{oncva_resulis)

¥ Twxd ©f #ifferent (evela af o1 Slrmbagy fopdel irafect fubcess:

amova_model = sef .ols{'¥ Project Seccess = Cix1B8 Strategy)' . detasdf).fitl)
anova_results = saostatsoanova lelancva model, typsd)
prinrt{anove_resslts)

F Test if different levels of w11 Femnefes ispact profect Scoesn!

anowa_sadel @ l.F-HLI"'I"_.Fr‘ﬁjdEt_‘EI.H. teds ~ C{nll Issusfas)', datasdf).fic])
anova_resylts = am.statsancva in{anove sodel, kyp=1)
primt [amovs_resulte)

# Test if different Lewels of #1272 Retrossective dspoct profect sucoess:

amsva_mndal v oowf o el 'Y, Profect Surcess -~ I:I::i.‘.l.:I“Hﬁtm-':pl:tlvlﬁ'. ll.ntudﬂ.ﬂtl}
amova_rasults = se_stats.anova ls{anova_model, tyoel)
print{anove_ resulial

F lest if diffecest levels off wli epedisersis {spacT profect swcoess;

anuus_sode] = smf.ools('Y Project Setcess = (=13 _Jepediments) ', dete=df).Fit(}
snowe_results = se.wtets,mnove_ln{enovs_scdel, typai)
print{anoue_results}

# Tesf if differwat |ewels of xi& Totegrotion fspact profect swocess:

anowva_model = swf.ols{'¥_Project Seccess = Clxld_Integration}', data=dF), Fizl)
anova_results = sa.stats.ancova_la{anova_wodel, typsd)
primt{anova_results)

212



§ Test if different tyeds of PH aebhods im “Fethod™ column dmpoct project Success)
& Mathod 1 Dma- Wy ANMOVA [iF Mathod bos 3 o seve groups)

dmport steismodels, spi s sm
Emport steiseodels, Formala.spi ae s=f

smova_mode]l = saf.plz{"¥ Project Surcess = ([Method)®, deka=df)_Fit()
amsva_tabla » shostate.anova Iefanovd model, typsd)
print {anova_table)

® Test Uf differest Types of PN aethods in “Method™ coless ispact grofect success:

¥ Metted 2 - Mufbiple Lissar Begrassion [Ffor odjusting otber varfables)

# Hirw o wonf Eo Bal the effect of “Methed™ oo Project ducedss while conbralling for
# gther imdependent vorimbies such oo x] to 254

mpdel_c = sef.ols(*Y_Froject_Success = C{Method] + ai_Umpsthy  + 22 _dutoantion < wd_Vision + =8 %)
print{mode]_c.susmary{}}

L] -
Structural Equation Modelling (SEM):

& Iipwfall repnirdd packeges and (fkrocies for S8 anrl peisi

& Install the somopy pockage
lplp install sesopy

& Iepart mopel Freos pockags
from veecoy import Model

& SEM Anolvsiar

F SEM mualel defisitdon:

dmsc = """

praject_success == yl Schedule + y3_Cost = p3 Quality + 98 Scope + yi Customer

prodect_success = xI_[npathy + x2 Sutometicn' = a3 Vision + =4 Swsilthics + =5 _Msgfourse + =i Growkh

& Budlld wod FEE Che SEM skl
‘I.-_mdkj. & H-l‘d-lt:l
l—_-ﬂ-dll-H.Lfdfi

& Show 5E4 results

sem_results = sem_model.lnspect(}

print(zem_results)

ts ] L]

Model Training: RF, XGBoost, MLP, SVR:

# Prepare Dobal

# = dF[] "=} _Fmpathy®, "=} Autcemation’', ‘=3 Vizicn"; "xd_SustEthice®, 'x5_Regqfcurce’, “xb Growth', '
W= ﬂF'I"l'_'Fr:ljll:‘l'_iur:p||'J #lhe compouite drdre Fross PCA

o L]

& Install Xgbooit pochoge
Ipip install sgboost

213



& Trming Teal Splif Bhe dobaseb:
from sklearn.sodel selection import traln_test_split

A _kradn, X_test, y_tralm, y_test = traln_test split(
X, v, feat_size=d.J, rendom_stabe=L2
H

& [mpert Stondardise Feptwrees sech mr SWR, MLP

& Tmports the StondoreScoler clecs fros golkilt- fooweo. This 6 ased to scole mosseicel dafo.
Fron - s learn . praprocessing . impart . StandardScaler

¥ Crewlis @ scdler objech.

scaler = StandardScalend)

# Learn scelimg poroweters From troteing ooto mod epoly e
X _trolr_scaled = scaler. fit_transform(d_traind

& dpyily wpme woiling 6 besd dats e el #acning )
¥ teut_scaled = scaler. bramsfornlX_test)

Random Forest Regressor Model - Train & Test Model:

@ 1 Hoadem Farss b Mol

® JTmport ihroeies

from shlearn, eebrics dmport mean_sguared errac, rl_dcors
ispart musgy &S np

from shloarn. encenble dspert RandosforactRegrescor

# feailn the AF sodel
rf = RandomForestBepgressceln sstimators =180, rendon_stete=dd )
rEFit(x trein, v traink

¥ Make predictioms an babh treining ond deet dato
y_tealn_peed_rf 8 ef.predict (X _tealn)
v otast prad rf ® of pradicE{X_test)

¥ Fuolodt con fone Eilan
dof evaluately_tres, ¥_pred, namel
prdnt (£ nawa | Hasults:")
print{f" K&? Soore: [(r2_scorely_troe, vy pred)i.&f: "}
F Calcwlote THSE msanuetly by taking the sgoare root of S5
primi E'F' RMSE - |r|:.,'l:|r1.f-ln_l.*.|.lr"-l|_trrﬁr":_|f_‘|.ru.r' F_F'ril:l'ﬁ:."'_l'}
primg(=-" = 38)

& Fyaleale BF o bemisdnyg dhifa
evaluately_tradn, ¥_train pred rf, “Ramdom Forast {Tradning}™ )

# fpaluate AF oo test doto
evaluately_test; y_test_pred rf, “Randos Forest (Test)®)
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B AF Redel - Sctusl ws o Predicted PLot o shows bos closs prodicBkioss are fo fran voloes:
import matplotlib.pyplok ss plt

pli.scatieriy test, y btest pred rf, solers"red’ | alpha=0.06]

plt.plot{y test minf], r_tut.-m:ﬂ]. [y Bk, min] ], y_Emstamax()], “r--"}
plt wlabal(“Actual Projact Seccess’)

plt . ylabel [ "Peedictad Project Succass’)

plt_title{ "Random Forest Model: actual ve Predicted”)

plt shesal)

& BF Mogel - Residugl plot te verdfy model stebildiy and tdewtify oy blas:

residusls = y_test - ¥ Eest prgd oF

plt. scatter{y_teet_preed pf, roclddals, colors bles', alphaeB &)
pitiaxhlimo{®, colorerad”, Iinestyles’--"}

plt.alaball Fredlcted Values®)

plt.ylabal('Residunls’)

pli.title "Reaides]l Plog For Randos Eorest Hedel®)

plt skow()

XGBoost Regressor Model - Train & Test Model:

k2. ¥oBepst Aegressar

¥ Jeport [1brories

from xphoost iwpart XGHXegresnor

from sklearn.msetrics import mesn_squared_srror, rd_soore
impart fumpy 88 ag

& Trals The ilsosl mondel
agh = M‘ﬁilmr{ﬁ_ﬂ!iﬂuﬂliﬂ_, randiom_iLales4d)
wgh . Fitl{% &rain, v _traim}

¥ Mpke pregdictions on both troinimg ond test dofo
y_train_pred_sgh = xgb.predict(X_train)
y ket _pred xgh = agh. predict[X_tesk])

@ Fumlurldom funcdiomn

def evaluately true, y_pred, neme):
pelnt{f" (name | Results:®)
print (™ AT Scare: (P2 _scoraly_trus, y_pred)s.a€|®)
¥ Colculate ARSE sosuclly by fakimg the souses Foot of MNSE
print{f® AMSEr (np.sort{mean_equacad srror(y tros, popesd) ] a8 %)
print(®-= = 30}

¥ Fpmlpote R pr treinisg deto
pealeately train, v train_pred_xgh, “@ibcost (Trainimgl™)

¥ Fomlongls BF o beid oetu
rrJIulEp{r_E-ll, y_ beat_pred agh, "XCBsaat LT-I‘E]'}

215



# Xoloost Model — Actval ws Predicted Plot to shows how close predictlons are to true volies:
impert matplotlib.pyplot as plt

plt scatteriy teat, y_test_pred_agh, colors"grean’, alphas=t.6)
pli.plotl]y_Eest.oming ), v bet max()], [y _testmin{], y_teibimax{)], “r=-"}
plt.xzlabel (“Actusl Prefect Suscess')

plt.ylabel | ‘Predicted Project Success” }

plt.title{ "®oloot Modeli Actual vz Predicted”)

plt.shosl )

® Miloest Model - Mesdduel plod to werify medel stobildity and identify oy blas:

residuals = y_test - y_test_pred xgh
plt-scatter(y_test_pred_xgb, residuals; colorz'red”, alpha=B. &)
Fli-l:hﬂ.in’-fﬂ, cirlars "rad” Iiﬂllt:p]-:' i :I
plt_slabel [ Peedisbed Valusi®)

plt . plabel (*Residuala’)

pli el le] "Beaidusl Plot for XGBaost Mede]')

plt.shiosat )

Support Vector Regressor (SVR) Model:

& 1. Rppoart Vecbor degressor (SVR)

Fegw sklearn.svm import SV

fram sklsarn.sslrics import ssan_sguared_error, r2_scors
dmport pumpy =3 np

& Trumun the SV model
svr = SVR[ kernol='rbf ']
swr. Fit{x_train_scaled, ¥ _traim}

& Make predictions oo both traldalmg ond fest data
w_train_pred_wwr = wvr.predict(E_trein_scaled)
v_test pred_sve = wer,predict(X_test sraled)

& Fuebuatian furctipn

def svaluately true, y_prod, nase):
priat(t® nime| Resulta:®)
print(t® R? Scorer (rl_scorely Trae, y_peed):.af%)
& Colcifoty RESE smmwolly By Toking the sguore roob of ASE
print{f™ NMMSE; np.sgrbt{s=an_squared_ ereor{y_tree, ¥ peed )]l T )
print[ - * 3o)

# Lunluntes SVE on traiming dotw
ecaluately train, v traln pead svr, "9 (Trabnieg}™)

& Fuolaugbsy S0 o btewd dolo
ﬂ-'llull:l'l:r_t-lt. v bmat_prad_swe, "EWR | Tawt )"}

216



& dctwal o Fredicted Plot te shows bos close predictiors are to trae voelues:

import matplotlib.pyplot a= plb

P'll'-::.ll.l-r{:r_‘ll!l, r_tl!l._F-l.‘d_:'l'l'* enlors"hlus”®, -.'th—ﬁE:l

Fl.E .Flnt{l:r_t-il.-int], r_lti'lt--l\:ﬂ !l]. ly_task., -.i.n'r_!, r_t'llt._l"i,:' s '}
plt.xlobell "Actual Profoct Success’)

plt.ylebell ' Predicted Project Success”™)

plt.titlel "SVE Model: Actual we Predicted” )

pit.atowl]

# pesideal plot fo werify model stabildidy and sdewtify any biess

residuals = y_tesk - v test pres_seyr

plt.scatter(y_test_prod_sve, resldeals, colorspurple’, adphas.6)
plt-axhline(d, colors'réd”; linestylas -~"}

plt.xlabell " Predicted Walues')

plt_ylabel{*Roesiduals')

plt-titlel 'Kesidual Plod For SWE Madel )

plt.whosi( )

Multi-layer Perceptron (MLP) Regressor Model:

# d., Hulti-loper Ferceptran (ML) Megresspe

From sklearn.nowral _network lsport MLFEegressor
From sklearn.satrics imsert soen_sguared erroe, rl score
impor numpy as ap

# Trgin the MLP sage]
mip = NLPEkegre=zsarihidden Layer =zizes=(64, 31, max_iter=100d, random state=11)
mlp, Fit{X_train_scaled, y_traim]

# Moke predict loms oo both cradaing ond tes? daoto
r_..l'-l.ll_F'I"Iﬂ_-J.F " ilp--l:lrldl.ttl:l_‘trltrl_l:liiﬂ:
v_bust_pred_mlg = elp. predict(X_test scaled)

# [veplagtion fimctian

gt evaluate(y_true, y_pred, name):
prin'tl:'l"rnl-' Remialta: ']
print{l™ RY Score: [r2_score(y trus, §_pred): 4€77)
# Coloulads MNSE avaunlly by loking Phe aguors rool of MSE
prlat{f™ AMSEr Dnpocqel{mean squeced srracy Eroe, y_pesd)): 487
priot("-" * 5@}

# [volunte 5¥F on trainvdng doto
evalestely train, v _train_peed alp. “MLP [(Tradnirgl™)

# Fwalagrbe SVE oa tesl cdoto
evaluately test, v test_pred mip, “HLP {Tes1i™)

* ML Negreseor; - Acteal ve Feedicted Plof Bo shows how close predictsons ore B0 Brue volpes:

dmport metplotlib, prplet am plt
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plt . scatter(y_test, ¥ tect prod mlp, coloes’ groon”, alphasd 5}

pli plat(|y teat. sinl}, y_ test sax(}], |y kenk.min), v _Eastosam()], 'ree")
ple . wlabal{ Actual Projeetl Succass")

pit. ylabal| 'Predicted Project Soccese')

plt.titlel 'MiPr Model; Actual va Predicted”)

plt. shiwl)

& Newidul plod Po verify msidel sfebilidy and Tdeoddfy onp ddawy BLEP

reslduals 8 ¥ test = y_test pred mip

plt.scattery test_prod mlp, residuals, colors’brosn®, alphasd. 5}
pli achlinufE, colors'rad’, linastylas®--"}

plt.xlobely] "Predicted Walues')

plt.ylobel{ " Meaiduals')

plt.titlef "Aesideal Plot foro WP Bodel® )

plt . showl]

Random Forest Model — Feature Importance Discovery:

# Nomdos Foresf Sodel
& Fegture lapardonce o dlscemier which sosloples motter sast

import matplotlib pyplok as pit
import sesbore as sns

impart pandas =a

import numpy &8 np

B Eapt fegburs iepartences
fext_importances = pd.Series(ef. festurs_importences , indes=%.colusme),sort values{sscending=Tres)

# Plot eith Sembonn
pht. Figure(figsizes={10, &)
sng. barplot{i=feat_importences; y=feat_lmportances. index, palettes"wirldis®)

¥ Add Labels ol valves

plt . title("Festure Importence (Random Forest)®, Fontsize=1d, fontweights"bold')
plt,:l:hllﬂ"Iqﬁrtlhr- E-Em‘\-l']-

plt,ylebel{“Faatires® )

¥ Add texl Ladwis an bars
for i, v in emmerate(feat_imporisnces};
plt.texk (v + 0,00, &, F 0w .M, color="bleck”, va="canter"]

plt.tight 1 l:,ll,'ll"{ :I
plt . show{)

XGBoost Model — Feature Importance Discovery:

# Sifcant Maedel -
# Femlture [oportenre do dinrouver which ool =8 midder ol

import pandas as pd
isport sgboost as Rgh
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& Cregte ang Fif an XO0cost sooel
el = #-m“‘-.rl'llnl"} & e FEACLesaeffier] ) depevaling wy fuvk
Hq!-ﬂtﬁ:ﬂ, ]'} f Aipiming X awd g ore fealuces oid Turge] warisble

& Gul fewture leper-tdnces Froom Chi fOFDied sodel frhul' Ehiail s L g
importences = pd. Series(mode], Feptore_importances , Imdes=¥.columns)

& Lprt ognd print top feoturer
importances = impartsnces,sort valuees{sscending=fales)

peint{lsportances )
* Credde Figure s@ith appropeicis Sire
plt.Figurs{figuign=({13, #})

# fimd fop [P fepiures
top featwres = importances . hood( 18], sort walves{ascondingsTrue )

F Crewte doelzantal bure plet with a OUfferent color palette
bars = sas.barplot{zstop features walees, yetop featwres.index, palettes"coolears”)

# Add polie [ohely to the Sirs
far i, v in =nunsrate{top features . yalues ):
ple.text v & vepoid, i, Flu; &F ", vas'cenier'; Forbweight="hold" )

¥ s btz Che gl

plt.title(“Top 18 Feoturs Importancos (NGBoest]}”, fontsizesls, fontuwelghts®beld', padezn)
plt.wlabel{" Importance Scora”, Fontslzesld, labalpad=18)

plt.ylaba]{ " Features”, Fontsize=1d, lTabhelpad=10)

* A @ whtle grid for betfer resclafrel ity
plt.gridiexis="2"; linsskylec'--', alphez@, Q)

¥ Add a Light beeder areund the plok

Far spine da pltogeal). solnes . walues!):
spine . cet_edgocoloe( *BLECCCC' )

o g just Lot
plt tight_layout(}

& Shiws Ehe plok
plt . showl)

SHAP (SHapley Additive exPlanations) Model:

8 Instell 54990 Pockoge

lpip iraball ahap

# Use FHAP Fe Inlecprect M7 Aegressor © Traln ML Aegressor:

Trom sklesrn.newral_neteork dspart MLPRegresscn
from sklesrn.mpde] _selection depart rein_test_split

& Splif clotoset
Aobradm, X tect, y_treailm, §_test » teadn_ test_split{d, ¥, tost sliroed. 3, random statesd?)
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& Tegin MLE )
mlp = H.Fhmjhid:hn_lmr__lium{m. 58], ma_{tarslBd, randos statesdd)
wmlp, Fit{X_train, v _train)

‘MLPRegressor(hidden_layer sizes=-(186, 58), max_iter=-106@, random state=a2)

¥ ifs= SHAP Fp o espioin prediction:

import shap
fmport mmpy am np

¥ Covvert to mmgy. array
A traln mp = X trala,valuss &F leinstamce(d traln, pd.DateFrama) else X_traln
¥ kest np o2 K teet wvalues 4F lulestance (X test, pd DataFress) alss X_test

W ifse SNEP Fermel Peplodoes, since MLP i3 nof bree-bosed

* Sgmple fo redece cowpute Time

gxplaines = chap. Hnn-ltnphim—ﬂllp.prldict. _lhp.umlif!_tﬂin_'ﬂp. :Ill}':l
¥ Faploim o Few predictions

shap_valuen = explainec.shap waluss (X _tewt apl :50]) & Ewploin first 5§ rows

# Mot paweery plot
shap, susmary_plot{whap_valuss, ¥ test_np[:58], Fasturs_nomes=X,columme)

& Chack bhe nisber of sosplid da X Bk
print ({"Nusker of sesplec in X beat: [len(X. text]]7)

& Pick o volial sasple indes {for erosple: Bhe First fesf cose)
saaple_index = B & Usimg Endes & fastead of 18

& Compaite SFAP wvalues ogeln (1Ff not oleeasdy dooed
axplainer = shap.twplaimor(modal; X_train)
shap_valises = esplainer(¥_test)

# {reate the Fforce plat eith fncreassd width
shap, initial] & enshle i bhosed wizmlisotion in Joppter

o Imcrwirae bthe plol sidih to afbow ofl vordables
ahap. force_plon(

erpladnie . sxpucted_valis, & boke el overogs predictiea )
shap_valuwes|[sample_index|.waluss, # 30AF wolwes for thiz sompie
ili_t-ﬂt_.ﬂﬂl:[r-ll-l_-_:l.n-dﬂj', ¥ input festores for this soaple
Feature_mawes=X.colwens,
flgsizo=(28, 3}, & Incrgose width (20) whllc keoping height (1) revsorable
mabplot EibeTrus & e wtplab Lk rerleree for better dantral
H
shap. dependence_plok{
"ud_Ewpatchy®,
shap_values,valuns,
¥_test_scaled,

faature_nasessd. caluses,
diteractlon lodexs™=2 Butemation”
1
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shap . dependemce_plot|
"eld Retruspeciive™,
shap values, valees,
i _test_scaled,
feature_mames=). colsns,
inkeraction_indexz"wh_Growth™

1
shap.dependenice_plot(
"3 Wimkan",
ihp-_'llljﬂl cwalues "
ﬂ_‘tﬂl‘_ﬂ;ltﬂ,_
Featiure_namsizi, colosns,
interaction_indexs"«5 MeqSource”
3

whap. depandance_plai|
"wd_SuabEimies®,

whag_values.values,

E_test scalsd,

Feature_names=X, colupns,

interaction_index="x1% Iepediments”
1

¥ Colcwlate @-spuored ond BNSE For both troining ond fest rets
from wklsarn.selrics inpart r1_scord, mean_squarsd_srear

import mumpy a8 np

& Fuacdlon fo colewlods and formul metrdics

dof calcwlate metricsiy_true, y pred, datsses mawe=""};:
rd = ri_scorely_true, y_pred)
rase = np.sgri{eean_squared_ervor(y_tree, y_pred))

print {1 SHaP {{datasat_naes |} Rasulis:®)
print{f™ A Sears: (F1:.48F1°)

print (" RARSE: |remed 497

print{"-= = 38}

ratwrn r}, rose

¥ el predictions for poth troiping and fead sels
¥_traln_prad & mlp.predict (X traln)

w tmit_prod & slp. predlee{l_test)

¥ Celiulats ond disploy metrics for Erainimg iet
traim_rd, train_rese = calculate wetricsiy_train, y¥_train_pred, “Vraiming®}

# Colowlete and - display meteics For teat gt
test_rd, test_rene = calculsks metricaly_test, ¥ test_pred, “Test™)

¥ Sove these mebrica to o dictlonory or DotoFrose
meteles & |
“Tradnleg't ('RZ': tradm_r2,. "AMSE': traln_resa),
"Teat i { A2 ; test rd, "HASE': test rese]
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# Caleulote §pgared d BSE for model evpl potian
frem silearn.metrics lepert rd Scors, medn souared erroe

Lepart Humpy as g

F Viseol dee sctimal wr peedlcted ool
impart matplotlib.pyplot as plt

plt.Figurel figsizes{10, &)}

plt. scatter{y test, v peed, alpha=@.5])

pit.plobdly test.minl}, ¥ test.mex(}], [¥_teat.min{), v _Eest max{)], “r'}
p'[l.:;l-hl-ll:"klu-]. Walusi')

plit.ylahell 'Prédicted Valuss® :I

'pl.i."Et]lt'ﬂ.r{upl wi Pradicted Valuss"}

plt.grid{Trus)

plt. showd )

F Plot residuals

resideals = ¢ test - v _pred

plt.Figurel figsize={11, &)

plt.scabter{y_pred, residuals, slphe=@.5)

plt.hlines(y=9, mminsy_pred.sind ), wnexszy pred.mesl ), colorss"r' ;. Tinestyles="--"}
pl.‘l-!:i-hl-lﬂ "Predicted Valusi')

plt_ylshel( ' Residuals')

FIi.Eiill: '"Residual Flot")

pli -gri d{'ru-]

plt . sk ]

& Bar plot of globol Feoture isportance using SHAP
shap.summary_plot{shep valies, X test_mpl: 5], feature names=X.colums; plet_types"har")

# Fxplinm o single tastmoce

akap; indtisl)
ahap. force_plat{eeplainer sxpacted_value, thap valued|d), featurecsd_tect pp(d], featirs nesedsd.oo

. "

LIME (Local Interpretable Model-agnostic Explanations) Model:

# Ipniwll LINE pockage

Tpap iritall lime
# (e [IMF to Inferprest WP Hegreszor - Train S0P Aegressor;

fram sklearn,neural metwork dspart ALPLEgressor
From iklearn.sode]l selection dmpert train_ best split

import pandat as pd

& Tl it sato
X btrain, X tesk, v_traim; v_test = troin_test split{X, v, test size=¥.J, random_state=dl)

& Troin MLP

mlp = MLPEegressar{hidden_Tayer sizes={ 180, 50), msx_ iterz1038, randos_statezdl)
mlp. FLe{d_train, y_train)
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i i -
ﬁ@mw{hiﬂnzlmt_ﬂui-{l, 58, max_iter-1008, random_state-42)

Al e T B T T P e v e i i T T e

B Lime Featued Tnportonie

import lims
dmport Lime, Lisw Cabular
import nuspy as np

¥ Create explainer

explainer = Llime. lime tabular.liseTsbulorExplaineri
trafning datesnp arcay{X_traind,
Teaturs_nmseie). coloens . tolist] ),
madez” Fugres ilon’

H

*® Mick n sneple to erplein | for cromple Ist tepd ﬂ:._llz.l
i =
exp = edplaimer explain_instance(

dakn_rowsX_tast. iloc[i],

pradict_Frenlp, predicy,

o Pmatures=leonl ¥, calimna)

b

* Show gaploeodion (n notebook
exp . ahow_in_rotebook| show_table=Tres)

¥ G pript to consils
peednt (mppoan_1iat{))

& fnlrulots B-aquored mad RHSE for [ THE sodel svalustinng
from sklssrn.metrics import rd_score, mean_souared_scroe
Amport numpy as np

& Fimctlos to colcwlate and formot setsics

def calculate seteicely trse, v pred, datacet namen™"}:
ri = rd_soorely_true, y_pred)
rase = rlpﬂl:rt-{n—__m'rld_mrh_'hwh y_predl)

print{f LIME {[datacet nams]) Eoseltuc”)
print(f" R? Scors: | rd:.8F(7)

print{f® AMSE: (rmis: 4907}

peint{"-" & 28}

eetuen r; rEse
F det gredictions for both troinieg ond test cets
y_train_pred = mlp.predict(X_teain}
y_trst_pred = mip, predis {0 fesk)

* Cogloydate and disploy mebtrics fo- traimiag sed
tﬂ!.'ri_'rﬂ', train_rmse = calculate_mebtricely_train, y_train_pesd, 'Tni-ﬂ'i-n]:":l
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& Celculete g diaploy metrics for teat st
test_rd, test_rmss = calculste metricely_test, ¥ tesk_pred, “Tegt")

# fptiseal: VWawalilrs sotusl ve predicted wal ues
impart matplotlib.pyplot as plt

plt.figuerelflgsize=(10, &})

Pl mcatl ll-l:_'r_1:-'1: o ¥ et pred, q]pl‘ll:ﬂ + 'i:l

plt plet ‘ L ant minl !I‘I ¥ et _oun |: J s [y _test mind ]-‘ y_Eazk Cnesl ) Y5 i ol
pl! Lkl { "hetiial aliss '_:I

plt ylabal | Predicted Valiss')

plt.titlel "LIME Model: Sctual vy Predicted Valwes"]

pli.gridiTrue)

pli.showl )

F Dptipral s Etore sotrics fe o dictionmry  for Lofar cospordsar
e matrles = |

*Tradnimg't ('M2*) traim_p2, 'ARSE": teain_resa,

‘Test't ('R2*; test rd, 'MMSE'D test rmsm|

Supervised Learning ML Model - Decision Tree:

fres shilesrn.tree ispert DecizionTreeRegressor, plot_tree
from I.illh'n--h-d-l_l-!-:t ian dmperd ir.lln_l.l-l.‘l_!pllt
frem dhlearn.mebrics dmport mean_sgquared error, @3 _acors
import matplotlib.pyplot sa pit

# Splir thr oata
N_tradn, X test, y train, y test = train_test split(X, v. test_ sizes# 3, randowm statesidil)

# Troin Decizion free
tree & DoclslonTresRegressor(may depthed, rardos_statesdl)
e, FIE0_Rraln, ¥ _trali)

F Aradict
y_prad = tres.predict (X_test)

# Firlapts
print{ "R Scorei”, rl score{y_test, y pred))
print(*M5E:Y, moan_sguared_arror(y_test, y_pred))

¥ Plot the trec with increased ot rices
pit.figurelfigsize={aa,18])
plat_ treel
tree,
Teatiurs_namauzX, colunei,
Filled=Tras,
rounded=Trig,
Fontsizes1d, # [ocredsed font size for free test
preclsionsd # Liwit deciminl pleces for cleomer display
b
pit.title( "Decinion Tres for Predicting Project Succein®, fonbsize=ig]
p]k.ii'-ht_]l:,r:-l{’ ¥ Erpparws sverpitiring fits wwll
plt. sk )
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Unsupervised Learning ML Model - Rule Mining:

¥ Trewdml] dhe mlatwnd packiags

lodp install sbwtand

Fram mlxbend. frequent pakisrns dspart apriori, association_miled
From alztend. preprocessing ispart TransactiorEncoder
import pandas as pd

& Copeart all features To cotegoricol blaned {7 bims)
£ bimnod w M. copyl)
for cal &n A_binned.colesns;
X _birmed|col] = pdogout(i_binned|cal |, g=#, lebels=[“Low”, “High®], duplicetess'drop"}

& Cermvert dofufrose fo List of fromzocitens
transactions & X_bimned.apply{leskbds mow: [ 1=lcod)_[(wal |® fer eal, wval Ss eow dtessd) |, awloal)

& ConverE (o blrsry adlols

te & TransactionEncodar(]

te_ary = te.Fitltramsections) . transform{transactions]
df _te = pd,Datafromelte_sry, colimnzzte.colimnz )

# aApply Sariori with higher sin support ond Lisit sox lem to ! for spesd
Fregquent_itemsals = ppl-i.nri.l:df_LqJ mip supporktss 15, ulql_l:m!.nl-p:'l'rul" —-F_i-ml:l

prinl‘f"’ﬁ.-.hlr af ‘r\l-ql-hl. itemietd Foiind: Il-nt‘ﬂ'-ltpainf_i!-i-il.}llh}

& Seneraobe rofes with lower confidence threshold
rules = association_rules{fregeent_itemsets, metrics“confidemce™, min_threshold=g.nh
rules = rules.sort_walues{by="11f1"°,; ascendingsFalse)

# View fop ealpes
af lm{l‘l.l!ll! L B

prink{rules] | "dntecedemkbi’, 'conssguents ", "soppoit®, 'sanfidence’, "LIFE" | 'r--h--d-:iij}
alen:

printl"Ro association rales fownd. Try adiusting min support or min theschold fuerthoe.”)
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