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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 (xi) 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 
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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 
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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: 

 RQ1: 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? 

 RQ5: How various philosophies can be integrated to build up a model to 

eliminate the common pitfalls? 
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 RQ6: 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.  RQ5 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. 
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► 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. 

► 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. 
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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 
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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 Thinking "design think*" 

User Centered Design X 

Human Centered Design X 

Software 

Software Development "software development" 

Software Engineering "software engineering" 

Software Process "software process" 

Software Project "software project" 

Software Project Management "software project management" 

Software Program "software program" 

Software Program Management "software program management" 

Agile 
Agile Methodology X 

Agile Development X 

Lean 

Lean X 

Lean Principles X 

Lean Management X 

Lean Startup X 
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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” 

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 

Inclusion I1 
All papers (Research & Conference) on application DT in software 

development as per research search string.  

Exclusion 

E1 Duplicate papers and books 

E2 Papers which are not in English language 

E3 Papers which are not peer reviewed 

E4 Papers which do not meet the research search string criteria 
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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 

 

# Digital library 
Number of 

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 

 

# Digital library 
Number of 

search results 
Exclusion  

(E1 + E2 + E3) 
Result After 
Screening 1 

1 Scopus 252 14 238 

2 IEEE Xplore 88 39 49 

3 Springer Link 1269 62 1207 

4 Wiley 176 7 169 

5 Science Direct 485 2 483 

6 Manual Search 23 0 23 

  Total 2293 124 2169 

 

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

title 

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 
 

# Digital library 
Result After 

Screening 1 

Excluded in 

Screening 2 

Result After 

Screening 2 

1 Scopus 238 146 92 

2 IEEE Xplore 49 33 16 

3 Springer Link 1207 1170 37 

4 Wiley 169 162 7 

5 Science Direct 483 476 7 

6 Manual Search 23 0 23 

  Total 2169 1987 182 
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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 

Number of 

search 

results 

Result 

After 

Screening 1 

Result 

After 

Screening 2 

Excluded 

in 

Screening 3 

Final 

Paper for 

Research 

1 Scopus 252 238 92 64 28 

2 IEEE Xplore 88 49 16 14 2 

3 Springer Link 1269 1207 37 19 18 

4 Wiley 176 169 7 6 1 

5 Science Direct 485 483 7 5 2 

6 Manual Search 23 23 23 0 23 

  Total 2293 2169 182 108 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 
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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 
 

# Digital library 
Integrated 

Models 
Philosophical 

Systematic 

Literature 

Review 

Total 

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 

 
 
 

 

 
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. 

 

 

 
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 
 

 

# DT Model
Number of 

Phases
Phase

1 DCIDT 2 Divergent - Convergent

2 Brown 3 Inspiration - Ideation - Implementation

3 Souza & Silva Model 3 Immersion - Ideation - Prototyping

4 Double Diamond 4 Discover - Define - Develop - Deliver

5 Dunn & Martin 4
Abduction (Generate Ideas) - Deduction (Predict 
Consequences) - Test - Induction (Generalize)

6 Glomann Model 4 Research- Ideation - Prototyping - Evaluation

7 IBM DT 4 Understand - Explore - Prototype - Evaluate

8 ISO 9241-210:2019 4
Understand context - Specify user requirements - 
Produce a solution - Evaluate design

9 Luchs 4 Discover - Define - Create - Evaluate

10 D.School 5 Empathize -  Define - Ideate - Prototype - Test

11 Mainel & Leifer 5
Define/ Redefine - Need finding & Synthesis - Ideate - 
Prototype - Test

12
mDT (multidisciplinary 
Design Thinking)

5
Use model - System model- Interaction model - Model 
consolidation - System development

13 Google Design Sprint 6
Understand - Define - Sketch - Decide - Prototype - 
Validate

14
Grossman-Kahn and 
Rosensweig Model

6
Define the challenge - Observe people - Form Insights - 
Frame Opportunities - Brainstorm ideas - Try experiments

15 Hasso-Plattner Institute (HPI) 6
Understand -  Observe - Define Point of view - Ideate - 
Prototype - Test

16
IDEO Human-Centered 
Design (HCD)

6
Observation - Ideation - Rapid prototyping - User 
feedback - Iteration - Implementation

17 Sandino & Matey 7
Define - Explore - Ideate - Prototype - Select - Implement - 
Review

18 Hiremath & Sathiyam Model 7
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). 

 

 

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) 

 

 

 
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. 

 
 

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. 

 
 

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 

 

 

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

models as shown in figure 2.10.  

# Model Application Frequency
1 AutoDesk Autocad Feature 1
2 Automation 1
3 Connected Health - e-Pharmacy 1
4 Cyber-physical systems 2
5 Data Analytics 2
6 Digital Innovation 1
7 Digitization in specific industry 1
8 Educational Game App 1
9 Educational Web App 2

10 ERP 1
11 Game development 1
12 General prodcut and processs design & development 3
13 Information Technology 3
14 Interactive real-time applications 1
15 Interactive software development 1
16 Internet Portal (e-commerce, mobile apps & SAAS tools) 1
17 Intuit's Quickbooks product line 1
18 Mobile App 2
19 Mobile game development in start-up 1
20 Mobile Multimedia Streaming App 1
21 Not Specified 2
22 Requirement Engineering 2
23 Safety Critical system 1
24 Sales portal and other applications 1
25 Service Design 1
26 Software development 28
27 Software Requirement Engineering 3
28 Software systems for people with complex disabilities 1
29 Web App 7
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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. 

 

 

 
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. 

 Wölbling 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; Schröer, 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, AI & ML 

algorithms development and Generative AI 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 (xi) 

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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Figure 3.1 Overview of Research Methodology 
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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 

et al., 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: 

 RQ1: 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., R² significance) is: 

𝑁 ≥ 50 + 8𝑚 

Where,  

𝑁 is Sample Size 

𝑚 is Number of Independent Variables = 15 

Hence, N ≥ 50 + 8 × 15 

N ≥ 170 
 

2. The sample size for testing individual predictors (i.e., each β 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: 

𝑁 =  
𝑍ଶ. 𝑝(1 − 𝑝)

𝑒ଶ
 

Where,  

𝑁 is Sample Size 

𝑍 is Z-score (1.96 for 95% confidence) 

𝑝 is estimated proportion of the population (Example: 0.5 for 50% of population) 

𝑒 is 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 

 

Scenario 
Confidence 

Level 
Z-

Score 

Population 
Proportion 

(p) 

Margin 
of Error 

(e) 

Sample Size Calculation 
(N) 

Sample 
Size (N) 

1 95% 1.96 10% 0.05 
1.96ଶ  ×  0.1(1 − 0.1)

0.05ଶ
 138 

2 95% 1.96 30% 0.05 
1.96ଶ  ×  0.3(1 − 0.3)

0.05ଶ
 323 

3 95% 1.96 50% 0.05 
1.96ଶ  ×  0.5(1 − 0.5)

0.05ଶ
 384 

The average of sample size of the above three scenarios is: 

 

Sample Size =  
138 + 323 + 384

3
= 281.66 ≈ 282 
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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 for moderate relationship 

between predictors and response) 

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

Power (1-β 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) 

 

 

Figure 3.2 G*Power Tool – Sample Size Calculation 
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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 
Calculated 

Sample Size 

1 
Green's Rule - for testing the overall model (i.e., R² significance) 170 

Green's Rule - for testing individual predictors (i.e., each β 
coefficient) 

119 

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 R2, 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 (xi) 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. 

 

 

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. 

 

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).  

 

 

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 AI/ 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. 

 

 

Figure 4.5 Spectrum of Product development methodologies 
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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). 

► 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; Müller, 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 AI, ML, Generative AI 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 AI-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). 

►A typical agile methodology lacks focus on design (Dybå and Dingsøyr, 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). 

►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 



 
 

53 

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-Sköldberg 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) 

► 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 (Wölbling 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: 

QTL1 = The value at which 25% of the data lies below it. 

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

IQR = QTL3 – QTL1 
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Table 4.1 Function wise effort variance data for project 
 

Project 
Electrical/ 
Electronics 

Mechanical Firmware Software 
SQA/ 
SW 

Testing 

Other 
(PM, 
EM) 

Tech 
Comm 

Total 

A 16.1% 46.6% 23.5% 69.1% 49.8% -51.3% 40.6% 19.3% 

B 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 QTL1 and QTL3. 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 = QTL1 - 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. 

 



 
 

56 

Table 4.2 IQR calculation and Basic Statistics of the Project Data 
 

Project 
Electrical/ 
Electronics 

Mechanical Firmware Software 
SQA/ 
SW 

Testing 

Other 
(PM, 
EM) 

Tech 
Comm 

Total 

Min Value -20.0% -10.7% -76.7% -30.8% -0.7% -85.5% -22.8% -4.7% 

QTL1 0.0% 0.0% 0.0% 0.0% 0.0% -32.8% 0.0% 0.8% 

Median QTL2 2.2% 0.0% 0.3% 17.7% 2.7% 0.0% 0.0% 11.2% 

QTL3 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% -134.3% -47.0% -143.2% -11.3% -48.3% 

Upper Limit 68.2% 41.4% 70.0% 223.8% 78.3% 151.1% 18.8% 82.7% 
                  

Average 
Variance 

23% 10% 12% 53% 35% 14% 3% 20% 

Total 
Variance 

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. 

 

 

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. 

 

 

Figure 4.8 Cumulative variance of all projects 
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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/ 
Electronics 

Most of the projects delivered close to the plan except occasional 
overrun, Ex. +126% 
  

Mechanical 
No major issues. Well planned and predictable delivery. This is due to 
the perfect scope definition at the start of the work. 
  

Firmware 
Most of the projects balanced out the analysis, however occasional high 
underestimation, Ex. -76% 
  

Software 

Least predictable area. Highest spread amongst all functions due to 
requirement change & scope creep. This is highest risk area and needs 
most focus for the successful project delivery. 
  

SQA/ SW Testing 

Manageable for most of the projects, but few projects have high 
variance (Ex. +256.6%) due to unpredictability in re-testing needs, 
regression etc. Need to track closely and work on achieving higher 
accuracy in estimation. 
  

Other (PM, EM) 
High variability as this competency depends on project complexity and 
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. 

 

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. 

 

 

 

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, GenAI 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 
 

 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 
metric 

y5 = High Customer/ 
stakeholder satisfaction 
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 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 
Independent 
variable (xi) 

1 

Aulet, 2013; Tobak, 
2014 

Lack of deep understanding of 
customer problems 

Empathy 
x1 = Clarity on 
Customer 
Requirements 

Griffith, 2014; Ries, 
2011; Blank, 2013; 
Christensen, 1997; 
Cooper, 2019 

Solving a wrong problem 

2 

Burdakov et al. 2025; 
Walch, 2020; Singla et 
al., 2019; PMI, 2022 

Non-suitability of common agile 
model to new generation 
technologies needing speed, 
automation & reliability Automatio

n 
x2 = Project Process 
Automation 

Kettunen and Laanti, 
2008; Brown, 2009 

Linear & sequential integrated 
model, Rigid application 

3 

Serrador and Pinto, 
2015; PMI, 2017; 
Morris, 2013; Cohn, 
2004 

Insufficient scope definition & 
Product vision - Scope Creep and 
Frequent prioritization 

Vision 
x3 = Clarity on 
Product Vision Kerzner, 2017; 

Crawford and Bryce, 
2003; Christenson & 
Walker, 2008; Buchan 
et al., 2021 

Lack of Vision - Improper 
definition of project key 
performance indicators (KPIs) 

4 
Frauenberger et al., 
2017; Goodman et al., 
2012 

Cultural, ethical, ecological and 
sustainability aspects are often 
overlooked 

Sustainabil
ity, Ethics 

x4 = Sustainability 
& Ethics Strategy 

5 
Ximenes, 2015; Jarke 
et al., 2011; Sawhney 
et al., 2005 

Requirements do not come from 
real user 

Requireme
nt Source 

x5 = Requirement 
Source (Customer 
vs Internal) 
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# Reference Insight on Pitfall Factor 
Independent 
variable (xi) 

6 

Deeb, 2013; Keller and 
Kotler, 2009 

Lack on the right GTM (Go-To-
Market) Strategy 

Growth 
x6 = GTM, Growth 
& Scale-Up 
Strategy 

Dobrigkeit & De 
Paula, 2017; Vilkki 
2010; Grossman-Kahn 
and Rosensweig 2012 

Growth and increasing scalability 
post product launch 

Kalenda et al., 2018 
Insufficient Emphasis on 
Implementation – Execution and 
scaling 

7 

Lukasik and Saylor, 
2018; Ferreira, 2011 

Missing the human aspect in the 
design 

Human 
x7 = Human-
Centered Design 

Dybå and Dingsøyr, 
2008; Dobrigkeit et. al, 
2019a; Curcio et al., 
2019; Aldave et al., 
2019 

Lacks focus on design 

8 

Boehm, 2011; 
Molokken and 
Jorgensen, 2003 

Lack of awareness of the end-to-
end product obligations 

Scope 
x8 = Detailed Scope 
Definition Molamphy, 2025; 

Lukasik & Saylor, 
2018 

Impact of iterative nature on 
customer experience, by focusing 
on increments rather than overall 
scope 

9 

Ramesh et al., 2010; 
Inayat et al., 2015; 
Fitriani et. al., 2016 

Lack of sufficient documentation 
in agile 

Governanc
e 

x9 = Program 
Governance 
Strength Dikert et al., 2016; 

Goulstone, N.D.; PMI, 
2017; Müller, 2009 

Slipshod program governance 

10 
Filippov et al., 2012; 
Iamratanakul et al., 
2008 

Lack of strategic alignment of 
project portfolio 

Portfolio 
x10 = Portfolio 
Strategy 
Management 

11 
Pai et al., 2021; Silva 
et al, 2017 

Lack of formal issue/ defect 
management process 

Issue/Defe
ct 

x11 = Issue/Defect 
Management 
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# Reference Insight on Pitfall Factor 
Independent 
variable (xi) 

12 

Beckman & Barry, 
2007; Brown and Katz, 
2011; Paasivaara et al., 
2018 

Limited Feedback Loops Feedback 
x12 = Lessons 
Learnt Feedback 
Loop 

13 

Lindberg et. al., 2011 
Barriers in information flow from 
DT phase to subsequent agile 
phase Impedimen

ts 

x13 = Bottlenecks & 
Impediments 
Resolution 

Wölbling et. al.’ 2012 
Teams’ reluctance and 
organizational resistance 

14 

Boehm and Turner, 
2003; Pikkarainen et 
al., 2008 

Fragmented non-integrated 
outcome 

Integration 
x14 = Project/ 
Product Integration 
Management 

Hossain et al., 2011; 
Stray et al., 2018 

Lack of collaboration between 
various agile teams 

Kolko, 2018; 
Meadows, 2008; 
Buchanan, 1992; 
Johansson-Sköldberg 
et al., 2013 

Lack of system thinking 

 

4.7 Variable Relationship & Hypothesis Formation 

The main dependent variable Y is a function of sub-dependent variable yi 

Y = f (yi) 

Y = f (y1, y2, y3, y4, y5)  ---------------- (Function 1) 
 

Where, 

Y = Dependent Variable i.e. Project Success 

yi = Sub-dependent variable 
 

Also, each of the  sub-dependent variable yi is a function of independent variable xi 

yi = f (xi) 



 
 

69 

yi = f (x1, x2, x3 ….. x14) ---------------- (Function 2) 
 

Where, 

xi = Independent variable 

 

Hence, from function 1 and 2, we get  

Y = f(xi) 
 

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) 

y5 = 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 

x8 = Detailed Scope Definition 

x9 = Program Governance Strength 

x10 = Portfolio Strategy Management 



 
 

70 

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 yi, we need to normalize the score. The y1 to y4 are 

lower the better, however, y5 is higher the better. 

 

Normalized scores (Ni) are: 

N1 = 1 – (y1/100) 

N2 = 1 – (y2/100) 

N3 = 1 – (y3/100) 

N4 = 1 – (y4/100) 

N5 = y5/10 

For Ni the value is higher the better for project success. 

 

Hence, the Composite score for main dependent variable is: 

𝑌 =  
𝑤௜ . 𝑁௜

∑ 𝑤௜
 

𝑌 =  
𝑤ଵ. 𝑁ଵ + 𝑤ଶ. 𝑁ଶ +  𝑤ଷ. 𝑁ଷ + 𝑤ସ. 𝑁ସ + 𝑤ହ. 𝑁ହ

𝑤ଵ + 𝑤ଶ + 𝑤ଷ + 𝑤ସ + 𝑤ହ
 

Where, 

𝑤௜ are weightage to each sub-dependent variable. 

So, now we have 1 derived dependent variable Y (Project Success) and 14 independent 

variables (xi) 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 xi are as follows: 

 

# 
Independ-

ent 
Variable 

Independent 
Variable 

Description 
Null Hypothesis (H0) Alternative Hypothesis (Ha) 

1 x1 
Clarity on 
Customer 
Requirements 

There is no significant 
relationship between Clarity on 
Customer Requirements and 
Project Success. 
  

There is a significant 
relationship between Clarity on 
Customer Requirements and 
Project Success. 

2 x2 
Project Process 
Automation 

There is no significant 
relationship between Project 
Process Automation and 
Project Success. 
  

There is a significant 
relationship between Project 
Process Automation and 
Project Success. 

3 x3 
Clarity on 
Product Vision 

There is no significant 
relationship between Clarity on 
Product Vision and Project 
Success. 
  

There is a significant 
relationship between Clarity on 
Product Vision and Project 
Success. 

4 x4 
Sustainability & 
Ethics Strategy 

There is no significant 
relationship between 
Sustainability & Ethics 
Strategy and Project Success. 
  

There is a significant 
relationship between 
Sustainability & Ethics 
Strategy and Project Success. 

5 x5 

Requirement 
Source 
(Customer vs 
Internal) 

There is no significant 
relationship between 
Requirement Source 
(Customer vs Internal) and 
Project Success. 
  

There is a significant 
relationship between 
Requirement Source 
(Customer vs Internal) and 
Project Success. 
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# 
Independ-

ent 
Variable 

Independent 
Variable 
Description 

Null Hypothesis (H0) Alternative Hypothesis (Ha) 

6 x6 
GTM, Growth & 
Scale-Up 
Strategy 

There is no significant 
relationship between GTM, 
Growth & Scale-Up Strategy 
and Project Success. 

There is a significant 
relationship between GTM, 
Growth & Scale-Up Strategy 
and Project Success. 

7 x7 
Human-Centered 
Design 

There is no significant 
relationship between Human-
Centered Design and Project 
Success. 

There is a significant 
relationship between Human-
Centered Design and Project 
Success. 

8 x8 
Detailed Scope 
Definition 

There is no significant 
relationship between Detailed 
Scope Definition and Project 
Success. 

There is a significant 
relationship between Detailed 
Scope Definition and Project 
Success. 

9 x9 
Program 
Governance 
Strength 

There is no significant 
relationship between Program 
Governance Strength and 
Project Success. 

There is a significant 
relationship between Program 
Governance Strength and 
Project Success. 

10 x10 
Portfolio Strategy 
Management 

There is no significant 
relationship between Portfolio 
Strategy Management and 
Project Success. 

There is a significant 
relationship between Portfolio 
Strategy Management and 
Project Success. 

11 x11 
Issue/Defect 
Management 

There is no significant 
relationship between 
Issue/Defect Management and 
Project Success. 

There is a significant 
relationship between 
Issue/Defect Management and 
Project Success 

12 x12 
Lessons Learnt 
Feedback Loop 

There is no significant 
relationship between Lessons 
Learnt Feedback Loop and 
Project Success. 

There is a significant 
relationship between Lessons 
Learnt Feedback Loop and 
Project Success 

13 x13 
Bottlenecks & 
Impediments 
Resolution 

There is no significant 
relationship between 
Bottlenecks & Impediments 
Resolution and Project Success 

There is a significant 
relationship between 
Bottlenecks & Impediments 
Resolution and Project 
Success. 

14 x14 
Project/ Product 
Integration 
Management 

There is no significant 
relationship between Project/ 
Product Integration 
Management and Project 
Success. 

There is a significant 
relationship between Project/ 
Product Integration 
Management and Project 
Success. 
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Hypothesis and Variable Inter-relationship Conceptual Model: 

 

 

Figure 4.13 Hypothesis and Variable Inter-relationship Conceptual Model 

 

Each individual independent variable (xi) has effect on each sub-dependent variable (yi). 

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 (xi) 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: 
 We have created a question for each yi and xi. There 5 questions for y1 to y5 and 14 

questions for x1 to x14).  

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

 There is 1 optional open question at the end, where respondent can add any other factor 

which affect the project success. 

 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. 

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

 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 y1 to y5: 

2. What is % 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) 

□ Phase-Gate/ Waterfall 

□ Scrum 

□ Scaled Agile (SAFe) 

□ Hybrid (Agile + Waterfall) 

□ Software Development Life Cycle (SDLC) 

□ Design Thinking 

□ System Thinking/ System Engineering 

□ Lean Start-up 

□ Other _____________________ 
 

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

○ Strongly Agree 

○ Agree 

○ Somewhat Agree 

○ Somewhat Disagree 

○ Disagree 

○ 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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9. Project Process Automation (x2): 

“The project management/ development process is highly automated” 

 
10. 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.” 

 
11. Sustainability & Ethics Strategy (x4): 

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

ethical considerations.” 

 
12. Requirement Source (x5): 

“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.” 

 
13. GTM, Growth & Scale-up Strategy (x6): 

“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.” 

 
14. 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. Detailed Scope Definition (x8): 

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

development, with clearly stated project success criteria” 

 
16. 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.” 

 
17. 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.” 

 
18. 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.” 

 
19. 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 .xlsx file.  

The data coding was then performed as follows: 

For dependent variables y1_Schedule, y2_Cost, y3_Quality, and y4_Scope, 

following formula is used for coding the data: 

Ni = 1 – (yi/100) 

Where, i = 1, 2, 3, 4 
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For Dependent variable y5_Customer, following formula is used for coding: 

N5 = y5/10 

 

The independent variables from x1 to x14 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 
Replacement 

in Dataset 
Survey Response 

Score as a replacement value for 
corresponding survey response 

1 Strongly Agree 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. 
 

 

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 y5 are float values, x1 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 
& Duplicate values check  
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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 y1 to y5) 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.  

 

 
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 y1 to y5. 
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Figure 4.17 PCA Loading Heatmap 

 

 

Figure 4.18 Scree Plot with Cumulative Explained Variance 
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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 (xi).  

 
Table 4.8 Statistical Summary of Dataset 

 

 

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

and Y as shown in figure 4.19 for independent variables xi 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 (y5), all yi 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.  

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 0.270 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 2.912 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
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Figure 4.19 Box Plot for Dependent Variable (yi) 

 

 

Figure 4.20 Box Plot for Independent Variable (xi) 
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Figure 4.21 Variable mean & Standard Deviation radar 
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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 xi 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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Figure 4.22 Histograms for all variables 

 

For project Scope (y4) and Customer satisfaction (y5), 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. 
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For independent variables such as Empathy (x1), Automation (x2), Growth (x6), 

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 (x5), Strategy (x10), 

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 (x8) 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 (yi) 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 (x13), Issue 

resolution process (x11), Strategy (x10), Sustainability and Ethics (x4) has low strength of 

correlation with project success variables yi with a range of coefficient from 0.43 to 0.58. 

Whereas, Empathy (x1), Automation (x2), Growth (x6), Human centered design (x7), 

Retrospective feedback (x12), vision clarity (x3) and Requirement clarity (x5) 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.  

 

 

 

Figure 4.23 Spearman Correlation Matrix Heatmap 



 
 

94 

Reliability Check (Cronbach's Alpha) 

To check the consistency of the data, Cronbach’s Alpha was calculated. For 

dependent variables (yi) Cronbach’s Alphas values is found to be 0.961 and for independent 

variables(xi) 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 x1 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 xi 

which are actually influenced by Y. 

The output of the model development is shown in figure 4.24. The R2 (0.859) and 

Adjusted R2 (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. 

 

 

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 

 

 

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 

R2 (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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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 xi 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. 

 

 

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. 

 

 

 

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 

R2 (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. 



 
 

103 

 
 

 

Figure 4.29 LASSO Regression – Results and Coefficient Path 

 

The most influential independent variables are x1_Empathy (β = 0.6048), 

x2_Automation (β = 0.1928), x4_SustEthics (β = -0.1115), and x6_Growth (β = 0.1892). 

The variables with moderate impact on project success are x7_Human (β = 0.0701), 

x9_Governance (β = 0.0864), x10_Strategy (β = 0.0094), x12_Retrospective (β = 0.1633), 
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and x13_Impediments (β = -0.0389). Five variables such as x3_Vision, x5_ReqSource, 

x8_Scope, x11_IssueRes, and x14_Integration were dropped based on zero coefficient 

value (β = 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 x1_Empathy (β = 0.6445 and p<0.001), 

x2_Automation (β = 0.2154 and p < 0.001), x4_Sustainability & Ethics (β = -0.1839 and p 

= 0.001), x6_Growth (β = 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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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 (y1 to y5), 

rather than one Y variable or each variable yi 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 
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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 (y1 to y5).   

 

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 R2 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 (x1 to x14) on every 

dependent variable (y1 to y5) 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 

success. 
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Figure 4.33 MANOVA – p Value heatmap between xi and yi 

 

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 xi and yi 

 

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 (x6) 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. 
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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 (xi) 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 (y1 to y5). Here the latent variable is Y which is being predicted by 

independent variables x1 to x14. The sub-dependent observable variables y1 to y5 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: x1_Empathy, x2_Automation, x6_Growth, x7_Human, x9_Governance,  and 

x12_Retrospective. The project success increases with increase in these variables. 
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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 x10_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 yi will be compared with respect to 

it. All four outcomes y2_Cost, y3_Quality, y4_Scope and y5_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 

(xi) importance graph as shown in figure 4.37. 

It is observed that, x1_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: x1_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 x6_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. 
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Figure 4.38 Random Forest Model – Performance 

 

Coefficient of variance (R2) 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 

R² (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 xi 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 x1_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 x6_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 x2_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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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 

R² (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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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 

R² (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 x14), 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 
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the performance and reduce the error. The final layer provide the final predicted 

performance value Y. 
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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 

 

 

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. 

Metric for MLP Training Testing 

R² (Coefficient of Determination) 0.9969 0.9528 

RMSE (Root Mean Squared Error) 0.1196 0.4549 
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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. 

 

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 xi 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. 

 

 

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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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.  

 

 
 

 

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 

Feature Range Weight Interpretation 

x1_Empathy 4 – 5  0.83 
Very strong positive influence. High 
empathy results into project success Y. 

x2_Automation >5 0.65 
Strong positive impact. More automation 
improves project success. 

x8_Scope 4 – 5 –0.26 
Negative effect. Low focus on scope 
slightly reduces Y. 

x9_Governance 3–5 0.22 

Moderate positive values help in slightly 
boosting project success. 

x3_Vision >5 0.16 

x14_Integration 3–5 0.16 

x6_Growth 4–5 0.15 

x7_Human >5 0.13 

x4_SustEthics 
(Sustainability & Ethics) 

>4 0.13 

x5_ReqSource 
(Requirements Sourcing) 

3–5 0.11 

x13_Impediments 3–5 –0.09 
Negative weightage. Some impediments 
reduce success, which is very practical. 

x12_Retrospective 4–5 0.06 Provide small but positive contribution to 
success. x10_Strategy 3–5 0.06 

x11_IssueRes (Issue 
Resolution) 

>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 xi 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. 

 

 

Figure 4.48 Decision Tree Model Output 

 

The root node is x1_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 

Variable (xi) Analysis/ Reasoning 
Impact on 
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, ‘x8_Scope_High’ means 

if the scope is high (Antecedent) → then ‘x11_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 x8_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 x8_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, x8_Scope, x11_IssueRes, x7_Human, x1_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). 
 



 
 

135 

Table 4.18 Summary of model performance parameters 

 

To access the prediction quality of the models, we have calculated R2 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 R2 values (≥ 0.91). 

Based on highest R2 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 (β).  

 

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 

Factor 
Frequency of 
Occurrence 

x1_Empathy 12 

x2_Automation 11 

x6_Growth 10 

x12_Retrospect 7 

x4_SustEthics 5 

x7_Human 5 

x9_Governance 5 

x14_Integration 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: 

𝑌 =  𝛽଴ + ෍ 𝛽௜𝑥௜

௡

௜ୀଵ

+  𝜃 

 

𝑌 =  𝛽଴ + 𝛽ଵ𝑥ଵ +  𝛽ଶ𝑥ଶ +  𝛽ଷ𝑥ଷ+ . . . 𝛽ଵସ𝑥ଵସ +  𝜃 

Where, 

Y is dependent variable i.e. project success 

𝛽଴ is intercept i.e. constant term 

𝛽௜ are coefficients of each of the independent variables 

𝑥௜ are independent variables 

𝜃 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 𝑥ଵ +  0.173 𝑥ଶ −  0.210 𝑥ସ  +  0.2 𝑥଺ +  0.144 𝑥଻ +  0.168 𝑥ଽ  

+  0.192 𝑥ଵଶ +  𝜃 

 

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: 

 

𝑑𝑌

𝑑𝑡
=   ෍ 𝛼௜𝑥௜(𝑡)

௡

௜ୀଵ

− 𝛾𝑌(𝑡) +  𝜗(𝑡) 

 
𝑑𝑌

𝑑𝑡
=  𝛼ଵ𝑥ଵ(𝑡) +  𝛼ଶ𝑥ଶ(𝑡) − 𝛼ସ𝑥ସ(𝑡) +  𝛼଺𝑥଺(𝑡) +  𝛼଻𝑥଻(𝑡) +  𝛼ଽ𝑥ଽ(𝑡) +  𝛼ଵଶ𝑥ଵଶ(𝑡)

− 𝛾𝑌(𝑡) +  𝜗(𝑡) 

 

Where, 

t is time 

Y(t) is cumulative project success over time t 
ௗ௒

ௗ௧
 is rate of project success with respect to time t 

𝛼௜ is Effect Coefficient i.e. the degree of empirical effect of xi on Y 

𝑥௜ are independent variables 

𝛾 is a Diminish Constant which indicates negative factors such as team fatigue,  

technical debt, diminishing return, system entropy etc. 

𝜗 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: 

1. If 
ௗ௒

ௗ௧
= 0, then the project is in state of equilibrium. This result is same as 

Static Project Success Equation 

2. If 
ௗ௒

ௗ௧
> 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 
ௗ௒

ௗ௧
< 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: 

𝑌 =  𝛽଴ + ෍ 𝛽௜𝑥௜

௡

௜ୀଵ

+  𝜃 

This is linear because the relationship between xi 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, 

𝑌 =  𝛽଴ + ෍ 𝛽௜𝑥௜

௡

௜ୀଵ

+ ෍ ෍ 𝜇௜௝𝑥௜𝑥௝

௡

௝ୀ௜ାଵ

௡

௜ୀଵ

+ 𝜃 

Where, 

𝛽௜ is individual direct contribution coefficient for each variable 𝑥௜ 

 𝜇௜௝ is 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, 𝜇ଵଶ𝑥ଵ𝑥ଶ indicates interaction between 𝑥ଵ (Empathy) and 𝑥ଶ 

(Automation). A positive interaction indicates better UI/ 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 

 

𝑑𝑌

𝑑𝑡
=   ෍ 𝛼௜𝑥௜(𝑡)

௡

௜ୀଵ

+ ෍ ෍ 𝜇௜௝𝑥௜(𝑡)𝑥௝(𝑡)

௡

௝ୀ௜ାଵ

௡

௜ୀଵ

− 𝛾𝑌(𝑡) 

Where, 

𝛼௜ is rate of effect of 𝑥௜ on Y 

𝜇௜௝ is dynamic interaction effect i.e. amplification or dampening interaction 

between  𝑥௜(𝑡) and 𝑥௝(𝑡) over time.  

𝛾𝑌(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 saturation of each effect is, 

𝑓(𝑥௜) =  
𝑥௜

1 +  𝑘௜𝑥௜
 

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௜) ≈ 
ଵ

௞೔
 (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, 

 

𝑑𝑌

𝑑𝑡
=   ෍ 𝛼௜ ൬

𝑥௜(𝑡)

1 +  𝑘௜𝑥௜(𝑡)
൰

௡

௜ୀଵ

+ ෍ ෍ 𝜇௜௝𝑥௜(𝑡)𝑥௝(𝑡)

௡

௝ୀ௜ାଵ

௡

௜ୀଵ

− 𝛾𝑌(𝑡) 

 

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 

1 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 

2 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 

3 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 

4 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 

5 x7_Human 

Human-Centred Design: While designing the 
product or service, there is a strong focus on 
Usability & Human aspects to make the product 
more user friendly. 
  

Design Thinking 

6 x9_Governance 

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. 
  

Agile 

7 x12_Retrospect 

Lessons Learnt Feedback Loop: The team perform 
build-measure-learn cycle in initial phases of the 
project. The retrospectives and lessons learnt 
reviews are effective and the team effectively track 
actionable items and integrated back into the 
project. 
  

Lean Startup 

 

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 
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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. 

 



 
 

147 

 

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. 

 

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 

‘Systemize’ to grow and scale-up the business further. 

 

 

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. 

 

 

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). 

 

 

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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Figure 5.7 Opportunity Backlog Prioritization Venn 

 

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), 

IaC (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 



 
 

164 

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 CO2 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 x1_Empathy, x2_Automation, x4_SustEthics, x6_Growth, x7_Human, 
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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-



 
 

171 

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 AI 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, AI 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 AI 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. I 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: 

 

Exploratory Data Analysis (EDA) 
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Principal Component Analysis (PCA) 
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EDA post PCA:  
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Cronbach’s Alpha: 
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Multiple Linear Regression (MLR) Model: 

 
 
 
MLR Model Dignostics: 
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Non-Linear Model - GAM Model: 
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MLR with OLS and all 5 dependent variables Separately: 

 

 
MANOVA (Multivariate Analysis of Variance) 
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VIF Score: 
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Cook’s Distance: 

 
Robust Linear Regression Model: 

 
Bootstrap mean & Influential observations: 
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LASSO Regression Model: 
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One-Way ANOVA: 
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Structural Equation Modelling  (SEM): 

 

 
Model Training: RF, XGBoost, MLP, SVR: 
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Random Forest Regressor Model - Train & Test Model: 
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XGBoost Regressor Model - Train & Test Model: 
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Support Vector Regressor (SVR) Model: 

 



 
 

217 

 

 
 
Multi-layer Perceptron (MLP) Regressor Model: 
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Random Forest Model – Feature Importance Discovery: 

 
 
XGBoost Model – Feature Importance Discovery: 
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SHAP (SHapley Additive exPlanations) Model: 
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LIME (Local Interpretable Model-agnostic Explanations) Model: 
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Supervised Learning ML Model - Decision Tree: 
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Unsupervised Learning ML Model - Rule Mining: 

 

 
 

 


