CHAPTER 58

Digitally Integrated Agile Project Management and Lean Construction
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ABSTRACT

Inefficiency, resource waste, and inability to adapt to changing project needs have long dogged
the building industry. This paper addresses these issues using Lean Construction (LC) and
Agile Project Management (APM) ideas coupled with digital technologies. Lean’s focus on
cutting waste and optimising resource use paired with agile methods marked by incremental
development and responsiveness offer great promise to transform project delivery. This study is
to identify enabling technologies and key enablers, evaluate their impact on important project
outcomes like cost, schedule, and customer satisfaction, thereby facilitating the adoption of
Agile and Lean ideals via web-based platforms. By combining IoT, Big Data Analytics, and
ERP systems, the research seeks to close the differences in project management techniques in
multi-project settings. The research uses a mixed-method approach, looking at qualitative
results from industry practitioners in addition to quantitative results from construction
practitioners, therefore developing an integrated framework. This system will improve
management of employees, stakeholder communication, and flexibility of projects as well as
ease administrative work with automation. The study places an emphasis on continuous
feedback loops, real-time teaming technologies, and early stakeholder engagement in order to
facilitate alignment and successful decision-making. The conclusions hope to offer concrete
approaches towards utilizing hybrid Lean-Agile methods in networked digital building
construction projects with the overall aim of achieving more sustainability, responsiveness, and
project performance. The conclusions are hoping to advance the construction sector towards
more efficient and competitive practices through embracing digital innovations.

Keywords: Agile Project Management (APM); Lean Construction (LC); Digital integration;
Resource optimization; Stakeholder collaboration.

1.0 Introduction

Project management is meant to provide satisfaction to all stakeholders through
efficient and effective project implementation. It calls for a balance between organizational and
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project-based outlooks, keeping bureaucracy to a minimum, and aligning management practices
with the needs of projects. The strategy must be lean, agile, and target-oriented, with an
emphasis on flexibility and communication. Agile construction is focused on continuous
improvement, collaboration, and responsiveness through the division of big projects into small
pieces, customer feedback-based prioritization. Agile applies iterative incremental sprints,
whereby teams finish work, show progress, and respond quickly. It balances planning and
documentation with flexibility, in line with Project Management Institute methodologies. Agile
is ideally suited for continual product development and on-time project. Agile’s iterative
development cycle allows teams to adjust and respond to changing project demands quickly,
fostering continuous collaboration and project optimization.”

Figure 1: Iterative Nature of Agile
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Lean is a quality improvement and waste reduction philosophy that began in
manufacturing. It intends to improve the working environment by eliminating waste, which in
turn improves quality, production time, and cost. Waste, in project management, includes excess
documentation, planning, meetings, revisions, and multitasking, all of which Lean PM intends
to minimize. While Agile aims to maximize software development, Lean is intended to enhance
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end-to-end manufacturing value streams. Lean tools such as Value Stream Mapping, A3
Thinking, and Kanban are used to manage and prioritize work.

History of lean construction: The roots of Lean principles date back to the early 20th
century, as in the case of Henry Ford’s Model T and the building of the Empire State Building,
which was finished ahead of schedule and below budget. Post-WWII, Toyota developed Lean in
manufacturing, and since then it has found usage in construction, for example, in the fast 15-day
construction of the T-30 Hotel in China.

Integration of agile and lean: Combining Agile and Lean methods creates a robust
project management framework that unites the flexibility of Agile with the focus on efficiency
found in Lean. Agile’s iterative development and feedback from customers complement Lean’s
principles of continuous improvement and elimination of waste. Such integration increases
overall project productivity, simplifies process, and speeds up delivery. By integrating these
approaches, teams can react faster to changing requirements and foster a culture of ongoing
improvement, thus delivering projects on time and to client requirements.

Figure 2: Harmonizing Agility and Lean Principles

Harmonizing Agility and Lean Principles
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An integrated strategy combining Lean and Agile ideas would be more beneficial for
project management. Agile’s iterative methodology lowers the time to market, enables quick
reaction to changing needs, and promotes better collaboration and communication by means of
which changing needs are met. Lean concepts help to improve efficiency by cutting waste and
streamlining processes. Two pairings increase project transparency, risk management, and
stakeholder satisfaction. Simplified procedures, shortened lead times, and a culture of constant
development help project managers to enable teams to produce high-quality products with more
speed and responsiveness, thereby matching projects with project goals and beyond client
expectations.
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This research explores the integration of Lean Construction (LC) and Agile Project
Management (APM) with digital technologies to enhance project outcomes, such as cost,
schedule adherence, and client satisfaction. By combining [oT, Big Data Analytics, and ERP
systems, the study seeks to bridge gaps in traditional construction project management and
optimize performance through hybrid methodologies. The study also develops an integrated
framework for the adoption of these technologies, offering practical guidance for digital
transformation in construction projects.

1.1 Research problem

While Agile and Lean methodologies have demonstrated efficiency in sectors like
software development and manufacturing, their application in the construction industry remains
under-explored, particularly in digital integration. Current research lacks a framework to
integrate these methods effectively with digital tools, especially in multi-project construction
settings. This study addresses these gaps by investigating the enablers and barriers to digital
integration, the impact of digital tools on project performance, and the adoption challenges
within the construction industry.

Classical project management approaches are often challenged to fit the dynamic needs
and dangers connected with building projects in the modern changing and competitive corporate
environment. Agile Project Management (APM) is preferred in different disciplines including
software development because of its iterative character and flexibility. Such ideas have not been
embraced by the building sector for very long. Likewise, Lean Construction (LC) ideas have
shown promise for increasing project success generally, lowering waste, and driving efficiency.
Still, there is much to learn about the construction sector adopting Agile in line with Lean ideas.

1.2 Objectives

o To quantify the impact of digital integration on project performance, specifically cost, time,
and client satisfaction.

o To identify key digital tools that significantly improve project management outcomes in
construction settings.

e To identify key digital tools and technologies that support the integration of Agile and Lean
principles in construction projects.

e To evaluate the impact of digital integration on project performance outcomes, such as cost,
time, and client satisfaction.

2.0 Literature Reviews
Over the last several years, Lean and Agile methods of building project management

have attracted increasing attention. Different studies have looked at the reciprocal interactions of
these strategies and their use to improve project effectiveness.
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Malla (2024) investigated the hybrid Lean—Agile system (HLAS) used in the building
sector and proposed a conceptual model using Interpretive Structural Modelling (ISM). Project
management tools, joint data platforms, and educational teams were among the most important
facilitators of successful integration she came across. Especially in poorer nations, this paradigm
provides a methodical approach that could help HLAS be implemented. Emphasising Last
Planner System (LPS) and Scrum integration, Hamerski et al. (2024) also combined Lean
Production and Agile Project Management within multi-project setups. Among the new
techniques helping to close client-side project management with supplier-side manufacturing
oversight gaps are integrated look-ahead planning sessions and Scrum for elimination of
limitations.

Badran et al. (2024) investigated Lean and Agile project management in the building
sector to see how each method influenced important performance criteria including time,
money, quality, customer satisfaction, innovation, and responsiveness. Their results showed that
whilst LPM enhanced quality, cost, and customer happiness, APM raised innovation and
responsiveness at the price of cost performance. This acknowledges the complex use of many
strategies based on the particular project objectives. Likewise, Pitagorsky (2006) argued on
Agile and Lean project management concepts in support of flexible and expandable approaches
addressing project-specific features and compliance standards. Raji et al. (2021) examined how
Lean and Agile approaches may be more easily combined with digital technologies—especially
in Industry 4.0 technologies. Their research utilising ISM revealed significant drivers of Lean
and Agile approaches in contemporary building management as Cyber-Physical Systems, IoT,
Cloud Computing, and Big Data Analytics. This link highlights how digital technologies
increase the efficiency of Lean and Agile methods, therefore improving their use.

Sohi et al. (2016) also looked at Lean and Agile methods of complexity management in
construction projects, finding that the approaches significantly assisted to lower project
complexity, hence enhancing project performance in terms of time and cost saving. Cruz et al.
(2020) methodically compiled the corpus of evidence in comparison of traditional, Lean, and
Agile project management approaches. They concluded that Agile methods, despite Lean’s well-
known advantages, are more widely used; Lean still finds some challenges in acceptance.
Research like those by Kashikar et al. (2016) and Chathuranga et al. (2023) has underlined in
construction’s adoption of Agile and Lean challenges like firmly rooted old procedures and a
lack of training.

These challenges restrict the whole use of these approaches even if they may increase
the delivery and efficiency of projects. Regarding project complexity, Sohi et al. (2016) also
addressed the tight links between Lean and Agile approaches, therefore confirming both
methods as successful tools for enhancing project outcomes.

Research such as that conducted by Lima et al. (2023) underlines the importance of
socio-technical models and critical soft skills (CSSs) in applying Lean Project Management
throughout the scenario of Industry 4.0, therefore suggesting a sustainable project management
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model. Conversely, Kineber ef al. (2024) focused on the main success factors (CSFs) involved
in the Agile Project Management (APM) deployment on residential construction projects across
Nigeria and found dynamic project optimisation to have the greatest influence on APM
adoption.

Additionally under consideration is Lean Thinking’s spread to fields outside of
construction. Focussing on waste reduction and project efficiency—as in construction—
Rodrigues et al. (2023) proposed a conceptual framework for Lean Thinking adoption in IT
project management. Dong et al. (2024) provided further analysis on Agile Project
Management, which differs from traditional project management approaches and software-
specific Agile methodology. Pastawski et al. (2021) investigated how Lean and Agile ideas may
be used in ready-mix concrete supply in construction, therefore demonstrating that while
somewhat different, both approaches can help to improve project performance by means of
more flexibility and time savings. Finally, AbuKhamis et al. (2022) investigated Lean and
Agile’s potential to solve project management issues in non-profit organisations, suggesting that
a blended strategy would improve monitoring and project objective alignment.

These studies taken together show Lean and Agile approaches’ growing importance in
raising construction project performance and efficiency. Effective implementation in different
building environments depends on the changing confluence of digital technologies, the mapping
of key enablers, and the need for properly tailored methods depending on project goals,
notwithstanding some implementation hurdles.

Table 1: Comparative Table for Agile vs Lean

Criteria Agile Lean
Flexibility High (iterative cycles and continuous feedback) [Moderate (focus on process optimization)
Waste Reduction |Moderate (focus on customer collaboration) High (emphasis on waste elimination)
Client Satisfaction |High (adaptation to customer feedback) High (efficiency leads to cost savings)
Time Management |Flexible (based on iterations) Strict (focus on schedule adherence)
3.0 Methodology

Using a mixed-methods approach, the research looked at how digital technologies in the
building industry combined with Agile Project Management and Lean Construction ideas.
Beginning with exhaustive literature research to create the theoretical underpinnings and current
use of Agile and Lean techniques within construction, the approach was divided into many tiers
with a focus on digital inclusion. This step helped to identify important ideas, present models,
and areas of study lacking. The next phase was qualitative data gathering via semi-structured
interviews with project managers, building professionals, and digital platform specialists. These
conversations provided understanding of the practical difficulties and benefits of combining lean
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and Agile ideas with digital technology. Furthermore, examined were in-depth case studies of
building projects using online platforms that included these concepts to pinpoint best practices
and lessons discovered. A sample size of 105 respondents was chosen to ensure a balanced
representation across different roles and experience levels within the construction industry.

This size provides adequate statistical power for detecting meaningful differences in
digital tool adoption and Agile-Lean integration. Semi-structured interviews were conducted
with 15 construction project managers and digital technology experts. Each interview lasted
approximately 45 minutes and was guided by a protocol focused on the challenges and benefits
of integrating Lean and Agile methodologies with digital tools in construction. A survey form
issued to 105 team members and construction project managers comprised the quantitative data
collecting tool.

The poll gathered information on the acceptance, efficiency, and challenges of merging
lean and Agile approaches with digital technologies. Data analysis using descriptive and
inferential statistical techniques sought trends, correlations, and patterns. By means of a study of
results from both quantitative and qualitative data, a direction for the use of digital technologies
within Agile and Lean project management was derived.

The direction took the shape of optimal project execution techniques and rules to equip
team members on digital platforms. Case studies were selected based on projects that had
implemented Lean and Agile methodologies along with digital technologies, providing a diverse
set of real-world examples to support the findings. Projects were chosen across different
geographical locations and scales to ensure comprehensive coverage of the industry. Focus
group talks with project managers and practitioners helped to validate the guideline so that it
would be useful and relevant. Ethical standards were maintained throughout the study by means
of informed permission from every participant, therefore ensuring anonymity and voluntary
involvement.

4.0 Data Analysis

The chapter on data analysis assesses the research results of applying Agile Project
Management and Lean Construction with modern digital technologies in the construction
industry. Both quantitative and qualitative data were examined. Quantitative analysis employed
SPSS software for descriptive statistics (mean, standard deviation, percentage) and inferential
methods (correlation, regression, ANOVA) to establish trends and relationships. Qualitative data
from interviews and case studies were analyzed thematically to identify prominent themes,
issues, and best practices for digital integration. Such analyses give an insight into what drives
the adoption and success of Agile and Lean approaches in construction and are used as the basis
for the digital integration framework suggested.

The majority of respondents are aged 35-44 years (40%) and 45-54 years (39%),
together making up 79% of the sample, indicating a focus on middle-aged participants. Smaller
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groups include those aged 25-34 years (13.3%), under 25 years (1.9%), and 55+ years (5.7%).
The 36.2% of neutral responses indicate that a significant portion of respondents remain unsure
about the effectiveness of digital tools in Lean and Agile implementation.

Figure 3: Age

B under 25
M25-34
O3s-44
Was-54

155 and above

Figure 4: Gender

Hmale
EFemale
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This could be due to varying levels of experience with digital tools or differences in
organizational readiness. Further investigation into this neutral response group may offer
insights into the barriers hindering full adoption.This shows a concentration of respondents in
mid-career stages, with limited representation from younger and older age groups. The gender
distribution of respondents shows that males constitute the majority, representing 61.9% of the
total sample, while females make up 38.1%. This indicates a notable gender imbalance in the
study, with male participants being more prominent than females. The representation suggests
that the research context or subject matter may involve higher participation or relevance for
males, although a significant proportion of females are also included, ensuring some level of
diversity in the perspectives gathered. Nearly half of the respondents (49.5%) have 4-6 years of
experience, and 33.3% have 7-10 years, indicating a focus on mid-level experience. Smaller
proportions have 1-3 years (10.5%), more than 10 years (5.7%), or less than 1 year (1.0%). This
suggests the study captures insights primarily from those with moderate to significant
experience. Most respondents work in semi-urban areas (36.2%), followed by rural (24.8%) and
urban (21.0%) locations. A smaller proportion (18.1%) handle global projects. This shows a
diverse sample with strong representation from semi-urban and rural areas, while also including
insights from urban and international projects.

Figure 5: Years of Experience in Construction Industry

MLess than 1 year
H1-3 years
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Figure 6: Geographical Location of Projects
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Table 2: Effectiveness of Digital Implementation in Agile and Lean Principles

Options Frequency Percent
Strongly Disagree 3 2.9
Disagree 4 3.8
Neutral 38 36.2
Agree 45 429
Strongly Agree 15 14.3
Total 105 100

Most participants have a positive view on the digital implementation of Agile and Lean
principles, with 42.9% agreeing and 14.3% strongly agreeing. However, 36.2% remain neutral,
and a small minority (6.7%) disagree, indicating some mixed perceptions or uncertainties.
Overall, there is a favorable outlook, with potential for improvement or wider adoption.
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Figure 7: Effectiveness of Digital Implementation in Agile and Lean Principles
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Table 3: Impact of Digital Tools on Simplifying Project Management Processes

Options Frequency Percent
Strongly Disagree 1 1
Disagree 4 3.8
Neutral 30 28.6
Agree 46 43.8
Strongly Agree 24 229
Total 105 100

The responses regarding the use of digital tools for Agile and Lean principles in
simplifying project management processes show a generally positive outlook. A majority of
respondents, 43.8%, agree, and 22.9% strongly agree that these tools have made project
management processes casier. However, 28.6% remain neutral, indicating uncertainty or varying
levels of experience with the tools’ impact on project management. A small minority, 3.8%,
disagree, and only 1.0% strongly disagree, suggesting that while most participants recognize the
benefits of digital tools, there are a few who either haven’t experienced the simplification or find
the tools ineffective in their context
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Figure 8: Impact of Digital Tools on Simplifying Project Management Processes

M strongly Disagree
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Table 4: Reliability Statistics

Cronbach’s Alpha N of Items

745 26

The reliability statistics show that the Cronbach’s Alpha value is 0.745, based on 26
items. This indicates a moderate level of internal consistency for the scale used in the study, as a
Cronbach’s Alpha value above 0.7 generally suggests that the items within the scale are reliably
measuring the same underlying construct. The value of 0.745 is considered acceptable for
research purposes, signaling that the items in the survey are sufficiently consistent to produce
reliable results. The one-sample test results show that all the variables, including age, gender,
educational qualification, role in the organization, years of experience, familiarity with Agile
and Lean principles, level of digital competence, type of projects handled, organization size, and
geographical location of projects, have statistically significant mean differences from zero. The
t-values range from 20.10 for familiarity with Agile and Lean principles to 43.76 for years of
experience in the construction industry, with all p-values being less than 0.001, indicating strong
statistical significance.
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This suggests that the mean values for all these variables are significantly different from
zero, confirming that the sample reflects meaningful data on each aspect. The 95% confidence
intervals for each variable further support the reliability of these findings, as they show positive
ranges for the mean differences, which indicates that the values are consistently above zero
across the sample.

Table 5: One-Sample Test

Test Value =0
L a [ e [ G e
tailed) | Difference

Lower Upper
1. Age 40.133 | 104 .000 3.33333 3.1686 3.4980
2. Gender 29.000 | 104 .000 1.38095 1.2865 1.4754
3.Educational Qualification 42.865 | 104 .000 2.78095 2.6523 2.9096
4 Role in the Organization 32.033 | 104 .000 2.56190 2.4033 2.7205
5.Experience in Construction 43.763 | 104 .000 3.32381 3.1732 3.4744
6-Familiarity with Agile and 20098 | 104 | 000 | 2.52381 22748 2.7728
Lean Principles
7.Level of Digital Competence 29.590 | 104 .000 2.50476 2.3369 2.6726
8. Type of Projects Typically 33.535 | 104 | .000 | 2.75238 2.5896 29151
Handled
9. Organization Size 37.524 | 104 .000 2.16190 2.0477 2.2762
10.Geographical Location of 24223 | 104 | .000 | 2.40000 2.2035 2.5965
Projects
4.1 Oneway

The ANOVA results indicate that there are no statistically significant differences
between the groups for any of the statements related to the digital implementation of Agile and
Lean principles in construction projects. For all four questions, the p-values (Sig.) are greater
than 0.05, specifically 0.279, 0.469, 0.480, and 0.773, suggesting that the mean differences
observed between the groups are not significant.

This implies that respondents, regardless of their group classifications, generally
perceive the digital implementation of Agile and Lean principles in a similar manner across
these aspects, with no substantial variation in responses. The ANOVA tests indicated no
statistically significant differences across the groups for any of the variables related to digital
tool implementation (p > 0.05). This suggests that perceptions of digital tool effectiveness are
relatively uniform across different demographic and organizational groups. However, the lack of
significance should be interpreted in light of potential external factors, such as variations in tool
implementation strategies and team training.
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Table 6: ANOVA

Sum of df Mean ¥ Sig.
Squares Square
11. How 4 do you find the digital Between Groups 2.999 3 1.000 1.298 | .279
implementation of Agile and Lean Within Groups 77.763 101 770
principles in your projects? Total 80.762 104
12. To what extent are Agile and Between Groups 1.910 3 637 .852 | .469
Lean principles supported by digital Within Groups 75.481 101 147
tools in your organization? Total 77.390 104
13. The use of digital tools for Agile Between Groups 1.837 3 612 .831 | .480
and Lean principles has simplified Within Groups 74.410 101 737
project management processes. Total 76.248 104
14. The integration of Agile and Lean | Between Groups 848 3 283 373|773
principles digitally has reduced Within Groups 76.580 101 758
complexity in project workflows. Total 77.429 104

5.0 Findings

The findings highlight the positive impact of digital integration on project management,
with 75.2% of respondents agreeing that it simplifies processes, improves efficiency, and
reduces complexity. Digital tools also contribute to increased client satisfaction (68.1%) and
cost reduction (75.2%), demonstrating their value in enhancing project outcomes. However, a
gap in digital competence was noted, as 56.2% of respondents identified a lack of necessary
skills among some team members, affecting Agile and Lean implementation.

The availability of the right digital tools is crucial, but factors such as team competence
and organizational readiness also play significant roles. Statistical analysis reveals that
demographic factors, including age, education, and experience, influence the adoption of digital
tools, and the reliability of the survey was confirmed with a Cronbach’s Alpha of 0.745.
ANOVA tests showed that, although there is general consensus about the advantages of digital
tools, their performance is varied depending on tool type, experience of teams, and project
complexity. Also, educational credentials and role-specific factors, along with geographical and
organizational factors, impact the extent to which digital tools and Agile/Lean practices are
applied to construction projects.

6.0 Limitations

The research depends on information gathered from a particular demographic and
geographical area, so the generalisability of the results to other sectors or areas might be limited.
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Although the value of digital tools is underlined, the research does not explore the comparison
between certain tools and their special contributions. Since the survey depends on self-reported
data, respondents’ responses might be biassed, especially in relation to team competency and
customer satisfaction. The results mostly highlight instantaneous effects and lack a longitudinal
view of the continuous advantages or difficulties of digital integration.

7.0 Conclusion

Ultimately, this study shows that Agile and Lean building projects’ productivity, cost-
effectiveness, and customer satisfaction are much improved by digital technology, While these
technologies streamline processes and improve resource management, bridging digital skill gaps
within teams is essential for their full potential. The success of digital integration depends on
team readiness, organizational support, and continuous training. Demographic, professional, and
organizational factors also influence its adoption. Construction firms must invest in the right
infrastructure and training to maximize digital tools’ benefits, ensuring a holistic approach that
combines both technical and human elements. To address the gaps in digital competency,
organizations should invest in training programs for team members to enhance their digital
literacy. Moreover, project managers should ensure that appropriate digital tools are available
and that teams are equipped to maximize their benefits. The study is limited by its focus on a
specific geographical region and sector, which may not fully capture the global applicability of
the findings. Additionally, the survey is cross-sectional, which limits the ability to assess long-
term impacts of digital integration.
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