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ABSTRACT 

The construction sector has begun to embrace the digital revolution, intending to improve 

efficiency. How, on the other hand, should the industry adopt digital tools? And how should 

the connection between humans and technology function? This study aims to shed light on 

how the construction sector may bridge the gap between AI deployments’s potential and 

realized advantages. This article presents research based on a comprehensive review of the 

literature, case studies of Speller Metcalfe, a design-build and refurbishment project in 

Malvern, England, Jacobsen Construction, a project digitizing the planning process in Salt 

Lake City, Utah, USA, and Menkes Development Inc., real-time visibility to construction site 

insights and data-driven decision-making in Toronto, Canada. The experiences gained via 

this study show that it is feasible to acquire expertise while adopting sophisticated 

technologies, such as artificial intelligence, by installing fundamental digital tools (AI). 

However, when it comes to AI, the level of trust between humans and machines will be the 

deciding element in its success. This article is a pioneering effort in examining the 

deployment of AI and how people and technology should interact. This study is limited to 

three case studies and three digital technologies. To further the study, it is suggested to debate 

the adaptation of AI on the user's premises, gather more empirical data, and examine case 

studies from different sectors. 
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INTRODUCTION 

The construction industry is presently transitioning from hierarchical, conventional building 

sites to more autonomous, digital ones. A digital revolution is underway, and the 

advancement of digital technology is accelerating at such a rate that the industry is struggling 

to stay up. This paper is part of a collection of groundbreaking research. 
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As it examines the application of artificial intelligence. The use of artificial intelligence is a 

relatively new field of study, particularly in the construction sector. AI can automate many 

processes and improve the efficiency of the construction process. This is consistent with the 

lean philosophy, which places a premium on reducing waste and increasing value. Based on 

the above, this article aims to shed light on how the construction industry may bridge the gap 

between the potential and realized advantages of AI deployment. Two research topics have 

been created to identify a method to close the gap. 

1. What are the possible advantages of incorporating artificial intelligence into the building 

industry? 

2. How is the construction sector now reaping the rewards of AI implementation? 

This paper is limited to case studies of Speller Metcalfe, a design-build and refurbishment 

project in Malvern, England, Jacobsen Construction, a project digitizing the planning process 

in Salt Lake City, Utah, USA, and Menkes Development Inc., a project providing real-time 

visibility to construction site insights and data-driven decision-making in Toronto, Canada. 

Five digital tools are the subject of the case studies (Fieldwire, Touchplan, Procore, CISCO 

packet tracer and PVsyst photovoltaic). Additionally, the authors drew on data on lean 

manufacturing, last planner system (LPS) adoption, low levels of digitalization, and other 

sectors. The paper is structured as follows: a method chapter, a theoretical framework, results 

and discussion, and a conclusion and recommendations for further study. 
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LITERATURE REVIEW 

Science is about improving on what has already been discovered. Research and literature 

searches were carried out in order to gain a general overview of the most recent research and 

literature. The basic research on the implementation procedure and general digitalization of 

construction project planning was mapped out by the literature search and analysis. Based on 

the available literature, the chosen case studies, and the author's interest in artificial 

intelligence, the Dr. Philos thesis was limited to examining the use of AI-based technologies. 

The methodology used for the literature review is described in The following sections will be 

arranged in the following order: 1. Recognize and collect literature 2. Review of 

Literature 3. A literary examination 4. Theoretical foundations A variety of reliable 

databases, journals, conference papers, articles, books, snowballing, and supervisor 

recommendations were used to perform the literature review. The proposed content was 

selected and utilized as a starting point for additional research utilizing search engines after 

discussions and supervision. The search engines used were Scopus, Elsevier, Science Direct, 

Mendeley, Google Scholar, and Google. A more thorough overview of the databases is 

available via search engines. The chance of finding relevant content increased due to the size 

of the databases examined. However, a search method must be devised in order to find 

relevant content in all databases. The author started by doing an extensive search of the most 

widely read and quoted literature. Later, only credible and relevant information was included 

in the search. The following queries were used to assess the relevancy and caliber of sources: 

1. Is the literature relevant to the topic? 2. In what places was the material released? 3. In what 

year was the book released? Is the literature subjected to peer review? 5. Is the IMRAD 4 format 

used in the literature? 6. Is the research approach reputable? 7. Has the author consulted up-to-

date, trustworthy sources? 8. What is the author's h-index 5? Figure 1 shows that there was a lot of 

information on each subject (implementation/human AND behavior and AI). 
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Fig 1: Searching terms and the search engine scopus hit count 

The chosen literature was read in accordance with the minimum quality and relevance 

requirements mentioned in the previous list. The cmd (f) search function was used to find 

relevant information in digital books and articles. The literature was evaluated further 

utilizing the reliability-objectivity-accuracy-aptitude framework (ROAA). In addition to 

passing the ROAA principle evaluation, the majority of the bibliography is comprised of 

sources that match the criteria in the preceding list. Figure 2 depicts the diversity of sources 

listed in the figure. 

 

 

 

 

 

 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 November 2022                   doi:10.20944/preprints202211.0517.v1

https://doi.org/10.20944/preprints202211.0517.v1


 

Fig 2: The presentation of sources 

Numerous challenges have slowed the construction industry's development and lowered its 

productivity compared to manufacturing. The construction industry is one of the least 

digitized globally, and most stakeholders are resistant to change owing to its manual nature. 

Inadequate digital knowledge and technology adoption in construction has been linked to 

costing inefficiencies, project delays, poor quality performance, ill-informed decision-

making, and poor productivity, health, and safety performance. In recent years, it has been 

clear that the construction business must embrace digitization and swiftly improve technical 

skills, especially given current manpower shortages, the COVID-19 pandemic, and the need 

to create sustainable infrastructures. In recent years, AI has improved corporate operations, 

service processes, and industrial production. AI has automated processes and brings 

competitive advantages over older approaches. Machine learning, NLP, robotics, computer 

vision, optimization, automated planning, and scheduling are AI sub-fields used to solve 

complex problems and make decisions for real-world concerns. In manufacturing, Industry 

4.0 focuses on automation, data-driven technologies, and AI methodologies. This revolution 

has improved processes, reduced costs, shortened production times, improved safety, and 

helped companies fulfill sustainability goals. Despite these difficulties, AI has yet to benefit 

construction. For decades, artificial intelligence and its subfields have been used to solve 

building challenges. Machine learning is used to monitor health and safety, evaluate costs, 

optimize supply chains and logistics, and forecast risks. Robots monitor and analyze site 

performance, conduct offsite assembly, and handle construction materials, plants, and 

equipment. Knowledge-based systems can assess bids, mediate disagreements, manage risk 
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and waste, and evaluate sustainability. Construction is one of the least digitalized industries 

on the globe, and it struggles to integrate AI and other digital technologies. Several studies 

attribute the lack of AI adoption to cultural challenges, high initial prices, trust, security, 

talent shortages, computer capacity, and internet availability. Artificial intelligence 

applications, future potential, and adoption difficulties in the construction industry include 

various grey areas. China, the U.S., and India account for 57% of global construction 

demand, which accounts for 13% of global GDP. Global infrastructure investment might 

reach $3.4 trillion per year by 2030, or 4% of GDP. The industry accounts for 3% of 

Nigeria's overall economic production, 4.3% of Germany's, 6% of the UK's, 4.1% and 6.8% 

of the US'. According to the Project Management Institute, a project is a temporary endeavor 

to develop a unique product, service, or result. Early project management ideas trace back to 

the ancient Egyptians' pyramid building and have since been refined into an established 

discipline. Due to their intricacy and changeability, building projects generally yield unique 

things, not mass-produced ones. Companies started using specialized tools and processes for 

big projects in the 1950s. Despite a lengthy history of project management, building projects 

worldwide have experienced poor performance, including cost overruns, schedule delays, and 

low-quality products. This requires a rigorous analysis of the industry's present project 

management procedures and the identification of opportunities for improvement. Planned 

construction projects are necessary and complex because they include a sequence of 

procedures that must be completed concurrently to satisfy the project's objectives. Another 

source says project planning comprises of requirements, technology accessibility, specified 

scope, resource allocations, team building, and identifying procedures that cause these 

associated tasks to be completed. For details, A construction project plan must address all 

elements of construction from the beginning to the end. Project management knowledge 

domains and the project environment work together to make it harder to plan so that time, 

money, and quality limits are met. To ensure the paper's quality, it was important to analyze the 

sources' validity, reliability, and generalizability. A search approach was utilized to acquire high-

quality content. This project will connect existing and future AI construction usage. Valid literature 

refers to the work of notable authors on the topic. This research is reliable. This study contacted AI 

and human-AI collaboration authors. The authors were found via a search approach, and the AI 

elements came from many sources. Peer-reviewed journal papers summarize current research. 

Specialists manufacture them. In reports and publications McKinsey's non-peer-reviewed reports are 

one example. Although information and articles include authors' names, competence, and publication 

date, one must be skeptical. McKinsey & Company seeks new clients. The sources aren't impartial. 
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The use of artificial intelligence for construction project planning is well-documented. The author had 

to rely on his or her experiences from other fields, like IT, which could be used to plan a construction 

project. 

 

METHODOLOGY 

This paper explains the research methodology. Research methodology addresses the research 

topic using an organised work plan. This includes data gathering, creating linkages between 

variables, and accuracy before objective assessment. Correct research begins with a thorough 

review of existing studies and literature. Literature reveals a knowledge gap. Creating 

research topics helps bridge the knowledge gap. Many methodological considerations must 

be made for high-quality, trustworthy research. Each choice influences the next. This section 

explains the thesis's methodology. Research philosophy is "beliefs and assumptions regarding 

knowledge development." As with everything else in life, our beliefs and assumptions impact 

our everyday choices. We create assumptions at every level of research, which impacts the 

researcher's approach, data collection, and analytic data. Reflection is needed to determine 

the research philosophy. This shows where the researcher's views overlap or deviate from the 

five philosophies. The HARP tool facilitates this contemplative process. It helps define study 

values and explains and justifies the research design. Research philosophy is the researcher's 

views and assumptions regarding knowledge development. Our beliefs and assumptions 

impact our everyday choices, consciously or not. At every level of research, we make 

assumptions that affect the researcher's technique, data collection, analysis, and utilization. 

Reflection is needed to determine the research philosophy. This shows where the researcher's 

views overlap or deviate from the five philosophies. The HARP tool facilitates this 

contemplative process. It helps define study values and explains and justifies the research 

design. 
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Due to the vague study questions, purpose, and knowledge gap revealed throughout the 

literature search, This investigation was also qualitative. Qualitative research involves a 

comprehensive design. Uncharted territory means a vast amount of data is needed for a 

quantitative approach. Comparatively, qualitative procedures are more subjective. Inaccuracy 

may originate from the author's interpretation of the data. Triangulation, comprising literature 

reviews and case studies, was used to increase the research's validity and reliability. A 

literature review was used to find prior research on the topic, identify knowledge gaps, and 

improve the author's understanding. The literature search revealed no written material on AI 

in building project planning, highlighting the necessity for a thorough research design and 

qualitative methods. Since AI-based initiatives in England, the US, and Canada need a lot of 

data, quantitative approaches are hard. The research focused on three AI-savvy companies 

(Fieldwire, Touchplan, and Procore). Given the project participants' awareness of AI, the 

amount of digital tool deployment, and the purpose of the study, case studies are a good data 

collection method. Three firms were asked about AI-based construction planning. To get 

expertise and experience, we contacted three firms. Case studies allowed informal talks and 

observations alongside the methodical investigation. The author attended webinars on all five 

digital tools (Fieldwire, Procore, Touchplan, CISCO packet tracer, and PVsyst). The author 

attended a course called "Artificial Intelligence in the 4IR" to learn more about AI. Even 

though they weren't organised research, case studies, webinars, and the AI course helped the 

paper.Choose a research approach that best answers the study questions and project's 

objectives. Project management uses experiment, survey, archival research, history, and case 

studies. The case study method is used to explain why social phenomena behave as they do. 

This paper attempts to connect existing and future AI construction implementations. Three 

case studies were chosen for data gathering and analysis depending on the research's goal. 

Conscious data collection from several sources improves study quality and validity. Instance 

studies may be a series or a single case. Numerous case studies gather data from diverse 

contexts, such as multiple building projects. One case study compiles data from a particular 

building project. In the absence of research on a phenomenon's extent and context, a single 

case study may be useful. The two main problems with a single case study are less 

transferrable results and the effect of other circumstances. Many case studies were chosen 

due to a lack of research. The case study's tale and background must be presented as a 

narrative for the qualitative research analysis and outcomes to be convincing. The following 

facts were acquired from construction software vendor websites, live webinars, slide notes 

from a Fieldwire senior manager, emails from Procore (formerly INDUS.AI) and a 
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Touchplan senior business development person assigned to the project. Choose a research 

approach that best answers the study questions and project's objectives. Project management 

uses experiment, survey, archival research, history, and case studies. The case study method 

is used to explain why social phenomena behave as they do. This project intends to connect 

existing and future AI construction implementations. Three case studies were chosen for data 

gathering and analysis depending on the research's goal. Conscious data collection from 

several sources improves study quality and validity. Instance studies may be a series or a 

single case. Numerous case studies gather data from diverse contexts, such as multiple 

building projects. One case study compiles data from a particular building project. In the 

absence of research on a phenomenon's extent and context, a single case study may be useful. 

The two main problems with a single case study are less transferred results and the effect of 

other circumstances. Many case studies were chosen due to a lack of research. The case 

study's tale and background must be presented as a narrative for the qualitative research 

analysis and outcomes to be convincing. The following facts were acquired from construction 

software vendor websites, live webinars, slide notes from a Fieldwire senior manager, emails 

from Procore (formerly INDUS.AI) and a Touchplan senior business development person 

assigned to the project. 

 

Fig 4: Speller Metcalfe uses Fieldwire to improve collaboration on the job-site and keep 

production moving on schedule without any costly delays. 

THEORETICAL FRAMEWORK 

Research requires reading, evaluating, and being inspired by others' work. This goal is to map 

how the assigned topics have been covered and studied in previous research and to identify 

knowledge gaps about how the subjects connect and rely on each other. The construction 

industry is non-digitized with slow productivity development. Digital technology might 

enhance production productivity, according to studies. AI and other technologies are 
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currently available. There's little written about AI in buildings. Therefore, research on AI 

implementation and human behavior must be combined. The author has investigated human-

AI collaboration in AI-focused sectors. The theoretical framework has three key sections: 

 1. Implementation change 2. AI (AI) 3.Human-machine interaction 

 Implementation is the process of putting a new idea, programme, or set of activities and 

structures into action. Implementation transforms. Figure 5 demonstrates a four-stage 

transition process. In Phase 1, the organisation must decide whether the proposed change is 

advantageous. Relevant people should evaluate the modification and oversee its 

implementation. In Phase 2, the implementation framework, a thorough evaluation of flaws 

and potential is the basis for a strategy. Phase 2 determines implementation needs. The third 

phase involves implementing phase 2's strategy and plans. Fourth-phase participants should 

analyse what worked, what didn't, and how to enhance implementation. 

 

Fig 5: Implementation model 

The transition to digital has taken place in the construction industry as part of an attempt to 

increase output. Although not to the same extent as in other sectors and with very little 

impact on the sector's overall production efficiency, some technologies have been introduced 
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in the sector over the course of the previous four decades. Will artificial intelligence be the 

technology that utterly revolutionizes a sector? It is generally known that the adoption rate of 

AI-based technologies in the construction industry is very close to 0 percent. According to 

them, "artificial intelligence [is] the next frontier for the building sector." Compared to other 

industries, using AI-based technology to cut costs, improve risk management, and boost 

production has a number of clear advantages. 

 

Fig 6: Digitization, digitalization and digital transformation (Made by the writer). 

AI is a scientific field, comparable to mathematics and biology. Thus, AI is a collection of 

ideas, issues, and problem-solving techniques.AI is built on a number of sub-fields and is 

itself a sub-field of Computer Science (CS). AI is a sub-field of computer science that focuses 

on constructing intelligent computers that can do specialized activities as well as humans, or 

even better. As is the case with the term "digital," several meanings of AI exist. For some, AI 

refers to artificial life-forms that transcend human intellect, while for others, the term may be 

used for nearly any data processing technique. Even AI researchers do not possess a precise 

concept of AI. The following is one of numerous definitions:The ability of a computer to act 

like a smart person by using algorithms that are inspired by people to solve problems that 

have always been hard.John McCarthy (1927–2011) is believed to be the founder of AI. 

McCarthy planned the Dartmouth Conference, which was conducted for the first time in 1956 

at Dartmouth College in New Hampshire, United States of America. McCarthy picked AI as 
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the subject for the seminar, which was dubbed the Dartmouth Conference. The word was 

derived from the following assertion: 

Any aspect of intelligence may be broken down into processes so basic and mechanical that 

each step can be codified as a computer programme. 

This assertion cannot be proven true. Nonetheless, the concept it presents is crucial when 

considering AI. AI-based systems may be created to do a variety of activities, including voice 

recognition, in order to learn, perceive, plan, and solve real-world issues. But for these 

systems to work, they need a lot of data from the real world.Humans and technology are 

separated in traditional society. However, recent technology advancements have led to the 

creation of sophisticated automation that can perform better than a person in some 

instances.Humans cannot compete with AI-based technology when it comes to the analysis of 

data, information, and knowledge; similarly, AI-based technology cannot compete with a 

human's ability for pedagogy, creativity, visionary thinking, and ethics. To optimize creative 

behavior, people and technology must work in a way that combines their respective abilities. 

However, what will cooperation between AI-based technologies and people demand of AI-

systems and what will they need of humans?Until recently, AI-based technology research 

concentrated on new algorithms rather than the usability, practical interpret-ability, and 

effectiveness of actual people. This section describes, according to the literature, the 

conditions for a successful human-AI partnership. As stated before, there is a dearth of 

research on the use of AI in the construction business. Most of the information here comes 

from the information technology, manufacturing, and health care industries.Figure 7 

demonstrates that the integration of the user (human) and the tool (machine) to accomplish a 

specific task is just one aspect of any mission. The physical medium and social context must 

also be addressed, as well as the managerial function. Management is the vital connection 

between humans, machines, and the objective because it ensures that staff are properly 

trained. To accomplish the task, both the machine and the human interact within the physical 

medium and management. The subsequent part will concentrate on how human and machine 

cooperation should operate. 
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Fig 7: The five M’s framework 

 

The basis for machines is data. There is a paucity of data collection in several businesses, 

including the construction industry. If data exists, it is often restricted to a subset of users 

who can access and comprehend the associated domain system. For non-AI engineers, who 

are often the users of AI-based technologies, problems such as "Can users confirm that the 

AI-system has not acquired a skewed perspective of the world due to deficiencies in the 

training data or objective function?" emerge.. "Can consumers have faith in the dependability 

of AI systems without an explanation of how they arrived at their conclusions?" "Would a 

physician operate on a patient because the model suggested it?" According to current studies, 

the majority of consumers will want an explanation in order to determine whether they should 

trust or mistrust AI-systems. How does the system arrive at a certain forecast and suggestion, 

and how does it determine whether or not it is a good solution? Lack of confidence in AI-

systems is one reason why AI-based technology adoption remains low in application domains 

where explain-ability is beneficial or even needed. Just as effective human-human 

collaboration involves clearly defined roles and duties, so will human-AI cooperation. In 

order to build trust and further establish a functioning human-AI partnership, contact between 

humans and AI-based technology is required. A fundamental difficulty associated with this is 
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determining how and what to disclose to users in order to gain their understanding and 

confidence without exposing them to the potentially vast amounts of data necessary to train 

the network and by the system to make choices. A data format that can be readily understood 

by both humans and AI-based technology is required. Nevertheless, determining the content 

of such an explanation might be challenging. 

FINDINGS 

Touchplan is a daily construction planning programme that increases the predictability and 

profitability of project results. Touchplan is the most collaborative platform for planning, re-

planning, and optimizing daily recuperation, with the most up-to-date data and insights from 

the work site. Touchplan has conducted a poll to determine the effect that construction 

planning software has on construction project management. This survey was done in 

conjunction with the Lean Construction Institute and was sent to members on February 18, 

2022. Over 110 individuals from 63 of the major companies in the United States responded to 

this study. 86 percent of respondents reported using digital planning tools to oversee their 

building projects. As a result of using construction planning software, 95 percent of 

respondents are confident that it has a favorable return on investment and pays for itself 

quickly. This thesis examines how Touchplan was created to give a more organised method 

that helps you attain more confidence and predictability. Utilizing construction planning 

software will save time on projects. This significantly reduces the amount of rework required 

to accomplish a project. Reduce the number of project hand-offs that are missed. Normalize 

your procedures. Reduce daily phone calls, text messages, and email.The majority of 

respondents to the poll are general contractors. (65 percent)The majority of poll participants 

support Lean Construction and the Last Planner System®. (65 percent). 
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    Fig 8: Percentage Of Total Respondent 

 

 

   Fig 9: Lean Construction Principles 

The construction industry in 2022 is plagued with pandemic hangovers: delayed or cancelled 

projects; supply chain problems; pricing rises; delivery delays; and most urgently, a 

manpower crisis accompanied by an unprecedented mass exodus. As burdensome as the 

epidemic is, it has pushed the sector into the digital arena.In the face of a labor shortage of 

crisis proportions, enterprises are prioritizing technology to maximize efficiency, enhance 

profitability, improve worksite quality and safety, and retain top personnel. As evidence of 

this digital shift, construction technology investors' financing hit a new high of $2.1 billion in 

2021, an increase of more than 100 percent from the previous year. As the industry responds 
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simultaneously to these difficulties and new digital opportunities, construction technology 

continues to bring workers together to allow improved cooperation across the whole project 

life-cycle. This portion of the thesis examines in detail how our clients distinguish themselves 

from their competition by enabling their employees to do their best job using Procore. By 

supporting more collaborative project delivery from pre-construction through closeout, our 

clients unlock the productivity of their staff for a more predictable and lucrative business. We 

think that, in the end, this book will help you do what construction has always done: figure 

out how to solve the problems of building the world and our future together.A global survey 

of 2,687 Procore customers, including those from North, Central, and South America, the 

Caribbean, Asia, Europe, Australia, and New Zealand. The data includes all sizes of general 

contractors, specialty contractors, and owners are included in the data. All survey answers are 

self-reported, and unless otherwise stated, all references to customers, users, or any other 

stakeholder group refer to the population polled. 

 Fig 10: Geographical representation of global survey participants 
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 Fig 11: Annual construction volume/Capital spend range 

 

 Fig 12: Audience between general contractor, speciality contractor and owner+public agency 

 

DISCUSSION 

This section demonstrates various AI-based construction sector applications. The capacity of 

machine learning to examine large data sets and learn from experience may be used as a 

decision-making aid. Among other applications, pattern recognition may be used for site 

monitoring and construction verification. Monitoring the site may improve site safety, whilst 

construction verification is likely to save hundreds of hours compared to human verification. 

Several startups evaluating the use of machine learning and pattern recognition are now 

attempting to enter the market. This research also demonstrates that robots can be used on 

building sites. However, they are only employed to do repetitive jobs in a controlled setting at 

present. To realize the advantages, various obstacles must be eliminated. The following 

section will elaborate.Any AI system (including machine learning, pattern recognition, and 
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robotics) must have adequate data, high-quality data, and the appropriate variables. The 

results indicate that pattern recognition is commonly used in the healthcare business to 

identify illnesses in their earliest stages. Globally, medical offices and hospitals are 

partnering to continually generate more data. Consequently, AI-systems are continually 

growing more accurate, precise, and thus reliable. Can the construction business use these 

lessons and gain knowledge from the healthcare sector?One may argue that each building 

project is unique, but the human body consists of identical parts. Given that each building 

project is unique, it will be difficult to gather data that can be properly transferred across 

projects. To put it another way, it is apparent that each building project is unique when seen 

from a holistic perspective. They are placed in diverse geographic locations and have distinct 

appearances, such as facades, windows, etc. However, when each construction project is 

broken down into its component elements, is each project as unique and difficult as it first 

appears? It is feasible to disassemble the whole structure into smaller components. We begin 

by observing the whole structure, then the concrete structure, then all of the concrete slabs, 

and finally a single concrete slab. How many methods are there to construct a concrete slab? 

Not quite as numerous as the number of illnesses that may develop in the human body, much 

less the variety of reasons for these disorders. The more data is supplied to an AI system, the 

more exact and reliable its findings will be . Logically, the collection of data will be 

accelerated if several construction projects create data concurrently, much as medical offices 

and hospitals throughout the globe collaborate. Due to the competitive nature of the 

construction sector, close cooperation between enterprises has not been the norm. 

Nevertheless, the lean mindset, with its emphasis on cooperation and increasing efficiency by 

eliminating non-productive elements, has now penetrated the construction sector. 

Collaboration between companies to gather data may be seen as an act of eliminating what is 

ineffective. Which companies will own the acquired data will be a significant topic of 

discussion and a problem to be addressed in the future. As assert, is a partnership based on 

agreements sufficient to assure that all enterprises maximize the advantage of all partners? 

How should subcontractors be paid if the AI system figures out the safest, most productive, 

and least expensive way to build a certain part? Even more crucial than the quantity of data 

generated is the quality of the data produced. According to, it is not sufficient to have a 

substantial quantity of data from prior instances; the data must reflect the actual condition. It 

must be accurate in order to assist people in their jobs since AI-based algorithms learn from 

the provided data and create predictions based on the data learned. Given that the 

construction industry is project-based and consists of a large number of specialized co-
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workers working on the same construction project for a short period of time, communicating 

the importance of providing correct input data may be difficult. 

 CONCLUSION AND FURTHER RESEARCH 

This next section provides responses to the two research questions and clarifies the goal of 

this report on the doctorate thesis, as outlined in the first chapter of the report (the 

introduction). In conclusion, several suggestions are offered regarding the direction of future 

study. This thesis is a groundbreaking piece of work since it analyses the use of artificial 

intelligence (AI) in the construction sector and how people and AI-based technology should 

operate together. The investigation has been carried out in the form of a review of the 

relevant literature and a number of separate case studies. The employees who were selected 

come from a wide range of backgrounds in terms of their jobs, levels of expertise, ages, and 

general views regarding AI. In light of the fact that there were employees from a variety of 

backgrounds, it is reasonable to infer that the results of this research may be extrapolated to 

future projects both in Norway and in other countries, such as South Africa. The purpose of 

this study was to provide answers to the research questions that were based on the difficulties 

that are present in the current practices of construction project planning, the AI solutions that 

are currently available, and the justification for a better and more widespread implementation 

of AI in construction project planning.The first research question, which will be answered in 

the next part, is as follows: What are the possible advantages of applying AI in the 

construction industry? It is possible to draw the conclusion that AI is here to stay, and there 

are many advantages associated with putting AI into practice.The potential benefits that can 

be gained from the three categories of technology, process, and culture are outlined in Figure 

13, along with how they can collectively reshape the building and construction industry by 

making the building process more efficient and secure, as well as by improving the overall 

quality of buildings and other structures. 
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This study has shed light on a number of interesting themes, and it is suggested that more 

investigation be conducted on these areas. The study that has been carried out does suggest, 

however, that in the future there will be tighter cooperation across nations. In this vein, it 

could be fascinating to study issues of ownership and trust amongst individuals who have 

either never met each other in person or have done so just a limited number of times.The 

scope of this research was restricted to examining how artificial intelligence-based 

technology is being used in the construction business. However, because of the increasing 

digitization of society as a whole, it could be interesting to investigate the possibility of using 

AI-based technology during the design phase of building, as well as throughout the phases of 

operation and maintenance. To map how much openness and human-AI contact is required in 

the AI-system in order to acquire an adequate degree of human-AI confidence would be 

another intriguing subject to research, and it would be helpful to do so. In light of this, 

conducting a survey that has questions that are quite precise could be an appropriate way to 

gather data. Throughout the course of this investigation, a number of obstacles came to light, 

which served as a source of inspiration for the formulation of the following set of suggestions 

for further research: 

• When compared to other industries, the construction sector receives an insufficient amount 

of funding for scientific research that is related to artificial intelligence solutions that are 

being created for project management. This is an area that requires more attention, 

particularly in view of the fact that an increasing number of employment functions are 
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anticipated to be supported by technology in some form or another. This is an area that needs 

more attention. Therefore, the first suggestion that can be made for further research is to 

investigate AI-based solutions from a strictly scientific point of view for certain 

functionalities that were covered in this study. 

• Because the focus of this study was primarily on project management and planning 

functions for the construction industry, one of the recommendations would be to investigate 

artificial intelligence systems for other aspects of the industry, such as detailed engineering 

design and facility maintenance.  

• Another recommendation would be to investigate different individual demographics, such 

as male and female perspectives, geography, and culture, in order to understand the 

challenges that these factors present. Another recommendation would be to investigate the 

government programmed and policies that are already in place that influence the adoption 

rate of organisations. This would be done in order to provide a better incentive for 

organisations to use these advanced technologies and processes for construction projects, 

such as Building Information Modeling (BIM) and Artificial Intelligence (AI).    

Bibliography 

[1]S. C. a. M. S. Rajat Agarwal, "The digital future of construction," October 2016. [Online]. 

Available: https://www.globalinfrastructureinitiative.com/sites/default/files/pdf/The-digital-

future-of-construction-Oct-2016.pdf. [Accessed 08 08 2021]. 

[2]a. R. B. Hadi Salehi., "Emerging artificial intelligence methods in structural engineering.," 

September 2018. [Online]. Available: 

https://app.dimensions.ai/details/publication/pub.1104299748. 

[3]M. A. Aceves-Fernandez, "Artificial intelligence : emerging trends and applications," in 

Artificial intelligence : emerging trends and applications, London, London : IntechOpen, 

2018. ©2018, 2018. 

[4]ARUP, "Future of Project Management," 2018. [Online]. Available: 

https://www.arup.com/perspectives/publications/research/section/future-of-project-

management. [Accessed 08 08 2021]. 

[5]R. Sternfels, "McKinsey Quarterly 2018 Number 1," 2018. [Online]. Available: 

https://www.mckinsey.com/business-functions/strategy-and-corporate-

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 November 2022                   doi:10.20944/preprints202211.0517.v1

https://www.globalinfrastructureinitiative.com/sites/default/files/pdf/The-digital-future-of-construction-Oct-2016.pdf
https://www.globalinfrastructureinitiative.com/sites/default/files/pdf/The-digital-future-of-construction-Oct-2016.pdf
https://app.dimensions.ai/details/publication/pub.1104299748
https://www.arup.com/perspectives/publications/research/section/future-of-project-management
https://www.arup.com/perspectives/publications/research/section/future-of-project-management
https://www.mckinsey.com/business-functions/strategy-and-corporate-finance/ourinsights/mckinsey-quarterly-2018-number-1-overview-and-full-issue
https://doi.org/10.20944/preprints202211.0517.v1


finance/ourinsights/mckinsey-quarterly-2018-number-1-overview-and-full-issue. [Accessed 

08 08 2021]. 

[6]S. N. S. R. M. S. S. a. W. R. Perera, "Blockchain technology: Is it hype or real in the 

construction industry?," Journal of Industrial Information Integration, pp. 1-50, 2020. 

[7]CONEXPO, "Challenges And Opportunities For AI In Construction," 2020. [Online]. 

Available: https://www.conexpoconagg.com/news/challenges-and-opportunities-for-ai-

inconstructio. [Accessed 08 08 2021]. 

[8]M. Chui, "Artificial intelligence the next digital frontier?," June 2017. [Online]. Available: 

https://www.mckinsey.com/~/media/mckinsey/industries/advanced%20electronics/our%20in

sights/how%20artificial%20intelligence%20can%20deliver%20real%20value%20to%20com

panies/mgi-artificial-intelligence-discussion-paper.ashx. [Accessed 08 08 2021]. 

[9]V. D. a. H. J. Briegel, "Machine learning & artificial intelligence in the quantum domain: a 

review of recent progress," 19 june 2018. [Online]. Available: 

https://iopscience.iop.org/article/10.1088/1361-6633/aab406. 

[10]Salinero pampliega project management, "Artificial Intelligence In Construction Sector," 

09 2019. [Online]. Available: https://salineropampliega.com/2019/09/artificial-intelligence-

in-construction-sector.html. [Accessed 08 08 2021]. 

[11]A. A. ,. A. B. Samer BuHamdan, "Generative systems in the architecture, engineering 

and construction industry: A systematic review and analysis," 29 June 2020. [Online]. 

Available: 

https://journals.sagepub.com/doi/abs/10.1177/1478077120934126?journalCode=jaca. 

[Accessed 08 August 2021]. 

[12]R. M. Y. S. a. D. J. Y.-J. C. Wille Schoeman, "Artificial Intelligence is South Africa 

Ready?," July 2017. [Online]. Available: https://www.accenture.com/_acnmedia/pdf-

107/accenture-ai-south-africa-ready.pdf. [Accessed 08 08 2021]. 

[13]A. K. ,. B. K. Omid Davtalab, "Perspectives on a BIM-integrated software platform for 

robotic construction through Contour Crafting," 19 January 2018. [Online]. Available: 

https://www.sciencedirect.com/science/article/abs/pii/S0926580517307975. [Accessed 08 

August 2021]. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 November 2022                   doi:10.20944/preprints202211.0517.v1

https://www.mckinsey.com/business-functions/strategy-and-corporate-finance/ourinsights/mckinsey-quarterly-2018-number-1-overview-and-full-issue
https://www.conexpoconagg.com/news/challenges-and-opportunities-for-ai-inconstructio
https://www.conexpoconagg.com/news/challenges-and-opportunities-for-ai-inconstructio
https://iopscience.iop.org/article/10.1088/1361-6633/aab406
https://salineropampliega.com/2019/09/artificial-intelligence-in-construction-sector.html
https://salineropampliega.com/2019/09/artificial-intelligence-in-construction-sector.html
https://journals.sagepub.com/doi/abs/10.1177/1478077120934126?journalCode=jaca
https://www.accenture.com/_acnmedia/pdf-107/accenture-ai-south-africa-ready.pdf
https://www.accenture.com/_acnmedia/pdf-107/accenture-ai-south-africa-ready.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0926580517307975
https://doi.org/10.20944/preprints202211.0517.v1


[14]K. a. J. K. Tripathi, "An empirical study on factors leading to the success of construction 

organizations in India," 19 January 2018. [Online]. Available: 

https://www.tandfonline.com/doi/abs/10.1080/15623599.2017.1423162?journalCode=tjcm20

. [Accessed 08 August 2021]. 

[15]P. M. Thomas H. Davenport, "Work, The AI Advantage: How to Put the Artificial 

Intelligence Revolution to," MIT Press, 2018. [Online]. Available: 

https://ieeexplore.ieee.org/servlet/opac?bknumber=8555410. [Accessed 08 August 2018]. 

[16]Robo Connect, "I4.0 INDUSTRIAL REVOLUTION," 2018. [Online]. Available: 

http://www.roboconnect.in/i4.0.html. [Accessed 12 08 2021]. 

[17]P. Richard Markoff, "Is demand planning ready for AI?," 29 May 2019. [Online]. 

Available: https://innovotive.com/is-demand-planning-ready-for-ai/. [Accessed 08 August 

2021]. 

[18]S. F. M. Chui, Artificial Intelligence the Next Digital frontier?, 2017. 

[19]K. P. a. O. N. Damali Young, "Challenges Involved in Adopting BIM on the 

Construction Jobsite," Easy Chair, vol. 2, pp. 302-310, 9 June 2021. 

[20]D. D. L. O. Juan Manuel, "Digital Twins for the built environment: learning from 

conceptual and process models in manufacturing," Advanced Engineering Informatics, vol. 

49, 15 June 2021. 

[21]S. A. Bello, L. O. Oyedele, O. O. Akinade, M. Bilal, J. M. Davila Delgado, L. A. Akanbi, 

A. O. Ajayi and H. A. Owolabi, "Cloud computing in construction industry: Use cases, 

benefits and challenges," Automation in Construction, vol. 122, 1 February 2021. 

[22]A. P. ,. A. N. Panagioths Kriaris, "Investigating antecedents and drivers affecting the 

adoption of collaboration technologies in the construction industry," Automation in 

Construction, pp. 632-641, August 2007. 

[23]L. O. Juan Manuel Davila Delgado, "Deep learning with small datasets: using 

autoencoders to address limited datasets in construction management," Applied Soft 

Computing, vol. 112, 25 August 2021. 

[24]S. D.-P. W. T. H. Y. J. J. a. J. R. M. Chen-Fu Chien, "Artificial intelligence in 

manufacturing and logistics systems: algorithms, applications, and case studies," 

International Journal of Production Research, vol. 58, no. 9, 2020. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 November 2022                   doi:10.20944/preprints202211.0517.v1

https://www.tandfonline.com/doi/abs/10.1080/15623599.2017.1423162?journalCode=tjcm20
https://www.tandfonline.com/doi/abs/10.1080/15623599.2017.1423162?journalCode=tjcm20
https://ieeexplore.ieee.org/servlet/opac?bknumber=8555410
http://www.roboconnect.in/i4.0.html
https://innovotive.com/is-demand-planning-ready-for-ai/
https://doi.org/10.20944/preprints202211.0517.v1


[25]A. G. M. K. K. S. T. Venkat Narayana Rao, "Reliance on Artificial Intelligence, Machine 

Learning and Deep Learning in the Era of Industry 4.0," in Smart Healthcare System Design: 

Security and Privacy Aspects, D. S. SK Hafizul Islam, Ed., Beverly, MA : Scrivener 

Publishing LLC, 2021, pp. 281-299. 

[26]J. Z. C. B. Xifan Yao, "From Intelligent Manufacturing to Smart Manufacturing for 

Industry 4.0 Driven by Next Generation Artificial Intelligence and Further On," in 2017 5th 

International Conference on Enterprise Systems (ES), 2017. 

[27]L. O. O. O. A. H. O. L. A. A. G. Sikiru Abiodun Ganiyu, "BIM competencies for 

delivering waste-efficient building projects in a circular economy," Developments in the 

Built Environment, vol. IV, 3 December 2020.. 

[28]N. M. M. S. A.N. Khobragade, "ANALYZING THE HOUSING RATE IN A REAL 

ESTATE INFORMATIVE SYSTEM: A PREDICTION ANALYSIS," International Journal 

of Civil Engineering and Technology, pp. 1156-1164, May 2018. 

[29]C. U. U. Y. M. G. Clive Q.X. Poh, "Safety leading indicators for construction sites: A 

machine learning approach," Automation in Construction, 2018. 

[30]Y. C. C. T. H. D. T. L. K. C. I.-M. Cai, "Optimal facility layout planning for AGV-based 

modular prefabricated manufacturing system," Automation in Construction, 2019. 

[31]L. O. ,. H. O. ,. O. A. M. B. ,. J. M. D. D. ,. L. A. Anuoluwapo Ajayi, "Deep Learning 

Models for Health and Safety Risk Prediction in Power Infrastructure Projects," Original 

Research Article on Risk analysis, vol. 40, no. 10, pp. 2019-2039, 22 November 2019. 

[32]K. J. C. S. H. D. H. Baeksuk Chu, "A survey of climbing robots: Locomotion and 

adhesion," International Journal of Precision Engineering and Manufacturing, vol. 11, no. 4, 

pp. 633-647, 05 Aug 2010. 

[33]S. R. D. ,. Samad M. E. Sepasgozar, "Dissemination Practices of Construction Sites’ 

Technology Vendors in Technology Exhibitions," Journal of Management in Engineering 

(ASCE), November 2018, vol. 34, no. 6, November 2018. 

[34]E. L. a. F. I. Everett, "Masteroppgaven [Master thesis]," ISUU, Oslo, 2012. 

[35]A. Tjora, Kvalitative forskningsmetoder i praksis [Qualitative research methods in 

practice], First edition ed., Oslo: Gyldendal Norsk Forlag AS, 2017. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 November 2022                   doi:10.20944/preprints202211.0517.v1

https://doi.org/10.20944/preprints202211.0517.v1


[36]H. Snyder, "Literature Review as a Research Methodology: An Overview and 

Guidelines.," Journal of Business Research, 104, vol. Volume 104, pp. 333-339, 11 2019. 

[37]K. M. E. a. M. E. Graebner, "Theory Building From Cases: Opportunities And 

Challenges," Academy of Management Journal, vol. Vol. 50, p. 25–32, 01 02 2007. 

[38]T. Busch, Akademisk skriving [Academic writing], 1st ed., Bergen: Fagbokforlage, 2013. 

[39]B. S. J. K. T. B. S. W. J. B. B. B. H. a. J. C. Saunders, "Saturation in qualitative research: 

exploring its conceptualization and operationalization," Springer Quality & quantity, p. 

1893–1907, 2018. 

[40]D. K. Khaldi, "Quantitative, Qualitative or Mixed Research: Which Research Paradigm 

to Use," Journal of Educational and Social Research, vol. 7, May 2017. 

[41]K. Khaldi, "Quantitative, Qualitative or Mixed Research: Which Research Paradigm to 

Use?," Journal of Educational and Social Research, vol. VII, no. 2, 6 May 2017. 

[42]G. M. Gibson Burrell, Sociological Paradigms and Organisational Analysis Elements of 

the Sociology of Corporate Life, 1st ed., London: Routledge, 1979, p. 448. 

[43]J. Heron, "Quality as Primacy of the Practical," vol. II, no. 1, pp. 41-56, 1 March 1996. 

[44]P. L. A. T. Mark NK Saunders, "Understanding research philosophies and approaches," 

January 2009. 

[45]M. T. R. a. J. P. Easterby-Smith, Management & business research, 4th ed., Los Angeles 

London: Los Angeles ; London : SAGE, 2012, 2012. 

[46]N. Gaus, "Selecting research approaches and research designs: a reflective essay," 

Qualitative Research Journal, vol. 17, no. 2, pp. 99-112, 2 May 2017. 

[47]H. Atmowardoyo, "Research Methods in TEFL Studies: Descriptive Research, Case 

Study, Error Analysis, and R & D," Journal of Language Teaching and Research, vol. 9, no. 

1, pp. 197-204, 2018. 

[48]C. C. D. B. ,. N. J. P. a. K. A. M. Stephen J. Gentles, "Reviewing the research methods 

literature:principles and strategies illustrated by a systematic overview of sampling in 

qualitative research," Systematic Review, pp. 1-11, 11 October 2016. 

[49]G. B. G. B. Dirk Strijker, "Research methods in rural studies: Qualitative, quantitative 

and mixed methods," Journal of Rural Studies, vol. 78, pp. 262-270, August 2020. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 November 2022                   doi:10.20944/preprints202211.0517.v1

https://doi.org/10.20944/preprints202211.0517.v1


[50]A. B. a. E. Bell, Business Research Methods, 4th ed., 2015. 

[51]O. Dalland, Metode og oppgaveskriving [Method and assignment writing], 6th ed., Oslo, 

2017. 

[52]R. K. Yin, Case study research: Design and methods, 4th ed., Thousand Oaks, CA: Sage, 

2009. 

[53]A. Bryman, Social research methods, 2nd ed., New York: Oxford University Press, 2004. 

[54]K. Samset, Erfaringer med store prosjekter, 2nd ed., Oslo, 2015. 

[55]D. A. a. A. Anitha, "A Comparative Study of Statistical and Rough Computing Models in 

Predictive Data Analysis," International Journal of Ambient Computing and Intelligence 

(IJACI), vol. VIII, no. 2, pp. 32-51, 2017. 

[56]M. V. Linda Dale Bloomberg, Completing Your Qualitative Dissertation: A Road Map 

From Beginning to End: A Road Map From Beginning to End, SAGE, 2012, p. 312. 

[57]K. P. O. N. D. Young, "Challenges involved in adopting BIM on the construction 

jobsite," EPiC Series in Built Environment, vol. II, p. 302–310, 2021. 

[58]D. D. L. O. Juan Manuel, "Digital Twins for the built environment: learning from 

conceptual and process models in manufacturing," Advanced Engineering Informatics, vol. 

49, 2021. 

[59]L. O. O. O. M. B. J. M. D. D. L. A. A. O. H. A. Sururah A.Bello, "Cloud computing in 

construction industry: Use cases, benefits and challenges," Automation in Construction, vol. 

112, February 2021. 

[60]A. i. P. K. Athanasios Nikas, "Investigating antecedents and drivers affecting the 

adoption of collaboration technologies in the construction industry," Automation in 

Construction, vol. 16, no. 5, pp. 632-641, August 2007. 

[61]A.-M. M. P. M. O. A. F. S. T. T. L. a. A. A. Abdul-Quayyum Gbadamosia, "A BIM 

Based Approach for Optimization of Construction and Assembly through Material 

Selection," in Creative Construction Conference 2018, CCC 2018, 30 June - 3 July 2018, 

Ljubljana, Slovenia, Ljubljana, 2018. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 November 2022                   doi:10.20944/preprints202211.0517.v1

https://doi.org/10.20944/preprints202211.0517.v1


[62]A.-M. M. L. O. O. O. P. M. L. M. A. Abdul-Quayyum Gbadamosi, "Offsite construction: 

Developing a BIM-Based optimizer for assembly," Journal of Cleaner Production, vol. 215, 

pp. 1180-1190, 1 April 2019. 

[63]D. G. M. M. Mohamed Zaher, "Mobile augmented reality applications for construction 

projects," Construction Innovation, vol. 18, no. 2, pp. 152-166, 17 January 2018. 

[64]D. D. L. O. Juan Manuel, "Deep learning with small datasets: using autoencoders to 

address limited datasets in construction management," Applied Soft Computing, vol. 112, 

November 2021. 

[65]S. D.-P. W. T. H. Y. J. J. J. R. M. Chen-Fu Chien, "Artificial intelligence in 

manufacturing and logistics systems: algorithms, applications, and case studies," 

International Journal of Production Research, vol. 58, no. 9, pp. 2730-2731, 27 April 2020. 

[66]D. S. S. K. Hafizul Islam, Smart Healthcare System Design: Security and Privacy 

Aspects, New Jersey: Wiley, 2021. 

[67]M. N. S. M. Khobragade A.N., "ANALYZING THE HOUSING RATE IN A REAL 

ESTATE INFORMATIVE SYSTEM: A PREDICTION ANALYSIS," International Journal 

of Civil Engineering and Technology, vol. 9, no. 5, pp. 1156-1164, May 2018. 

[68]K. J. C.-S. H. &. D. H. Baeksuk Chu, "A survey of climbing robots: Locomotion and 

adhesion," International Journal of Precision Engineering and Manufacturing, vol. 11, p. 

633–647, 5 August 2010. 

[69]M. Samad M. E. Sepasgozar, S. R. Davis and a. M. Loosemore, "Dissemination Practices 

of Construction Sites’ Technology Vendors in Technology Exhibitions," Journal of 

Management in Engineering, vol. 34, no. 6, November 2018. 

[70]M. H. S. ,. M. T. B. Ehsan Shahvand, "Developing fuzzy expert system for supplier and 

subcontractor evaluation in construction industry," International Journal of Science & 

Technology, vol. 23, no. 3, pp. 842-855, 2016. 

[71]A. O. L. O. R. O. Lukman A.Akanbi, "Deep learning model for Demolition Waste 

Prediction in a circular economy," Journal of Cleaner Production, vol. 274, 20 November 

2020. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 November 2022                   doi:10.20944/preprints202211.0517.v1

https://doi.org/10.20944/preprints202211.0517.v1


[72]G. Robinson, "Global construction market to grow $8 trillion by 2030: driven by 

China,US and India," Global Construction Perspectives and Oxford Economics, London, 

2015. 

[73]N. G. J. M. P. K. R. P. Jonathan Woetzel, "Bridging infrastructure gaps has the world 

made progress?," McKinsey Global Institute, Shanghai, 2017. 

[74]T. Wang, "China: construction industry’s contribution share to GDP 2018–2021," 

Statista, 12 December 2019. [Online]. Available: 

https://www.statista.com/statistics/1068213/china-construction-industry-gdp-contribution-

share/. [Accessed 13 November 2021]. 

[75]T. Wang, "Value added of U.S. construction as a percentage of GDP 2018," Statista, 27 

April 2021. [Online]. Available: https://www.statista.com/statistics/192049/value-added-by-

us-construction-as-a-percentage-of-gdp-since-2007/. [Accessed 13 November 2021]. 

[76]Project Management Institute, "What is Project Management," Newtown Square, 2018. 

[77]Project Management Institute, "Construction Extension to the PMBOK® Guide," Project 

Management Institute, Newtown Square, Pennsylvania, 2016. 

[78]P. Harold Kerzner, Project Management: A Systems Approach to Planning, Scheduling, 

and Controlling, 10th ed., Hoboken: John Wiley & Sons, Inc., 2009. 

[79]R. L. Shalinka Jayatilleke, "A systematic review of requirements change management," 

Information and Software Technology, vol. 93, pp. 163-185, January 2018. 

[80]S. S.-F. E. A. Hasan Burak Cavka, "Developing owner information requirements for 

BIM-enabled project delivery and asset management," Automation in Construction, vol. 83, 

pp. 169-183, November 2017. 

[81]J. H. D. A. Julien Pollack, "What is the Iron Triangle, and how has it changed?," 

International Journal of Managing Projects in Business, vol. 11, no. 2, pp. 527-547, 13 April 

2018. 

[82]R. K. Wysocki, Effective Project Management: Traditional, Agile, Extreme, 7th ed., New 

Jersey: John Wiley & Sons, Inc., , 2013, p. 768. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 November 2022                   doi:10.20944/preprints202211.0517.v1

https://www.statista.com/statistics/1068213/china-construction-industry-gdp-contribution-share/
https://www.statista.com/statistics/1068213/china-construction-industry-gdp-contribution-share/
https://www.statista.com/statistics/192049/value-added-by-us-construction-as-a-percentage-of-gdp-since-2007/
https://www.statista.com/statistics/192049/value-added-by-us-construction-as-a-percentage-of-gdp-since-2007/
https://doi.org/10.20944/preprints202211.0517.v1


[83]J. X. Q. Z. Xue Lia, "Research on Construction Schedule Management Based on BIM," 

in 13th Global Congress on Manufacturing and Management, GCMM 2016, Zhengzhou, 

2017. 

[84]A. C. S. A. G. C. V.K. Chawla, "The sustainable project management: A review and 

future possibilities," Journal of Project Management, vol. 3, no. 3, pp. 157-170, 2018. 

[85]H. Kerzner, Project Management: A Systems Approach to Planning, Scheduling and 

Controlling, New York: John Wiley & Sons, Inc., 2013. 

[86]F. Yanksari, "Exploring Building Information Modeling (Bim) And The Design Process 

In Interior Design Pedagogy," University of Minnesota's Digital Conservancy, Minnesota, 

2020. 

[87]A. K. P. S. N. M. S. B. Saurav Dixit, "A STUDY OF ENABLING FACTORS 

AFFECTING CONSTRUCTION PRODUCTIVITY: INDIAN SCNERIO," International 

Journal of Civil Engineering and Technology (IJCIET), vol. 8, no. 6, p. 741–758, June 2017. 

[88]S. A. A. a. A. B. BuHamdan, "Generative systems in the architecture,engineering and 

construction industry: A systematic review and analysis," International Journal of 

Architectural Computing, vol. 19, no. 3, pp. 226-249, 29 June 2020. 

[89]IPA London, Transforming Infrastructure Performance, United Kingdom: IPA , 2017. 

[90]W. S. N. F. R. C. Neil Thompson, "Digitalisation in Construction - Industrial Strategy 

Review, supporting the Government's Industrial Strategy," Atkins Limited, London, 2017. 

[91]D. G. Barry James Gledson, "The adoption of 4D BIM in the UK construction industry: 

An Innovation Diffusion approach," Engineering Construction & Architectural Management, 

vol. 24, no. 6, pp. 950-967, October 2017. 

[92]A. M. J. M. Tong Liu, "Benefits and barriers in uptake of mobile apps in New Zealand 

construction industry : What top and middle management perceive," Facilities, vol. 37, pp. 

254-265, 2019. 

[93]A. P. R. B. Rafael Sacks, "Construction safety training using immersive virtual reality," 

Construction Management and Economics, vol. 31, no. 9, pp. 1005-1017, 26 September 

2013. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 November 2022                   doi:10.20944/preprints202211.0517.v1

https://doi.org/10.20944/preprints202211.0517.v1


[94]HM Government, Industrial strategy: government and industry in partnership. 

Construction 2025, London: HM Government, 2013. 

[95]R. A.Brooks, "Intelligence without representation☆," Artificial Intelligence, vol. 47, no. 

1–3, pp. 139-159, January 1991. 

[96]P. McCorduck, Machines Who Think: A Personal Inquiry into the History and Prospects 

of Artificial Intelligence, Boca Raton, Florida: CRC Press Taylor & Francis Group, 2004, p. 

547. 

[97]C. A. P. Bengio Y., "Representation learning: A review and new perspectives," Green 

Open Access IEEE Transactions on Pattern Analysis and Machine Intelligence, vol. 35, no. 8, 

pp. 1798 - 1828, 2013. 

[98]I. S. G. E. H. Alex Krizhevsky, "ImageNet classification with deep convolutional neural 

networks," in NIPS'12: Proceedings of the 25th International Conference on Neural 

Information Processing, Lake Tahoe Nevada , 2012. 

[99]A. A.-F. S. S. M. G. Mehdi Mohammadi, "Deep Learning for IoT Big Data and 

Streaming Analytics: A Survey," IEEE Communications Surveys & Tutorials, vol. 20, no. 4, 

pp. 2923-2960, 2018. 

[100]P. Boudreau, Applying Artificial Intelligence to Project Management, Ottawa:  

Independently published (November 13, 2019), 2019, p. 183. 

[101]N. J. Nilsson, THE QUEST FOR ARTIFICIAL INTELLIGENCE, Palo Alto, 

California: Cambridge University Press, 2010. 

[102]S. Elrajoubi, Artificial Intelligence in Project Management, Honolulu, Hawaii : LIGS 

University, 2019, p. 22. 

[103]I. Y. G. H. Gonenc Gurkaynak, "Stifling artificial intelligence: Human perils," 

Computer Law & Security Review: The International Journal of Technology Law and 

Practice, 2016. 

[104]M. Lahmann, "AI will transform project management. Are you ready?," PwC 

Switzerland, 7 September 2018. [Online]. Available: https://www.pwc.ch/en/insights/risk/ai-

will-transform-project-management-are-you-ready.html. [Accessed 18 November 2021]. 

[105]J. M. R. L.-C. Andrew Edkins, "Future of Project Management," ARUP, London, 2017. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 November 2022                   doi:10.20944/preprints202211.0517.v1

https://www.pwc.ch/en/insights/risk/ai-will-transform-project-management-are-you-ready.html
https://www.pwc.ch/en/insights/risk/ai-will-transform-project-management-are-you-ready.html
https://doi.org/10.20944/preprints202211.0517.v1


[106]D. G. M. K. Jennifer Li, "Blockchain in the built environment and construction 

industry: A systematic review, conceptual models and practical use cases," Automation in 

Construction, vol. 102, pp. 288-307, June 2019. 

[107]S. M. A. M. H. R. S. K. P. P. C. S. A. R. K. Tasmia Jannat Tumpa, "Barriers to green 

supply chain management: An emerging economy," Journal of Cleaner Production, vol. 236, 

no. 117617, November 2019. 

[108]M. K. T. M.-J. L. K. Netta Iivari, "Exclusions in social inclusion projects: Struggles in 

involving children in digital technology development," Information Systems Journal 

SPECIAL ISSUE PAPER, vol. 28, no. 6, pp. 1020-1048, 06 April 2018. 

[109]V. Hackett, " The impact of a collaborative planning approach on engineering 

construction performance," Nottingham Trent University, Nottingham, 2017. 

[110]S. K. E. R. Alexander Paolini, "Additive manufacturing in construction: A review on 

processes, applications, and digital planning methods," Additive Manufacturing, vol. 30, no. 

100894, 2019. 

[111]A. Butt, "Quantification of Influences on Student Perceptions of Group Work," Journal 

of University Teaching & Learning Practice, vol. 15, no. 5, 16 December 2018. 

[112]S. R. N. Nawari, "Blockchain technology and BIM process: review and potential 

applications," J. Inf. Technol. Constr., vol. 24, pp. 209-238, 20 May 2019. 

[113]T. D. Akinosho, L. O. Oyedele, M. Bilal, A. O. Ajayi, M. D. Delgado, O. O. Akinade 

and A. A. Ahmed, "Deep learning in the construction industry: A review of present status and 

future innovations," Journal of Building Engineering, vol. 32, 1 November 2020. 

[114]Tan Yigitcanlar & Kevin C. Desouza & Luke Butler & Farnoosh Roozkhosh, 

"Contributions and Risks of Artificial Intelligence (AI) in Building Smarter Cities: Insights 

from a Systematic Review of the Literature," MDPI, Open Access Journal, vol. 13, no. 6, pp. 

1-38, 2020. 

[115]H. L. Y. C. M. A.-H. Xianfei Yin, "Building information modelling for off-site 

construction: Review and future directions," Automation in construction, vol. 101, pp. 72-91, 

2019. 

[116]K.-S. Schober, "ARTIFICIAL INTELLIGENCE IN THE CONSTRUCTION 

INDUSTRY," Roland Berger GmbH, 18 February 2020. [Online]. Available: 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 November 2022                   doi:10.20944/preprints202211.0517.v1

https://doi.org/10.20944/preprints202211.0517.v1


https://www.rolandberger.com/en/Insights/Publications/Artificial-intelligence-in-the-

construction-industry.html. [Accessed 19 November 2021]. 

[117]K. G. S. N. S. N. E. Gharouni Jafari, "BIM-based integrated solution for analysis and 

management of mismatches during construction," Journal of Engineering, Design and 

Technology, vol. 19, no. 1, June 2020. 

[118]PWC, "Transformation Assurance," PwC Switzerland, Switzerland, 2018. 

[119]P. K. A. S. Marc Lahmann, "AI will transform project management. Are you ready?," 

PwC Switzerland, Birchstrasse 160 Postfach, 8050 Zürich, 2019. 

[120]S. M. S. D. N. J. J. S. V. R. P. K. V. Benjamin Schreck, "The AI Project Manager," 

Feature Labs Inc.,, Boston, MA, 2018. 

[121]C. U. U. Y. M. G. Clive Q.X.Poh, "Safety leading indicators for construction sites: A 

machine learning approach," Automation in Construction, vol. 93, pp. 375-386, September 

2018. 

[122]J. C. F. R. Daniel Magaña Martínez, "Artificial Intelligence Applied to Project Success: 

A Literature Review," International Journal of Interactive Multimedia and Artificial 

Intelligence, vol. 3, pp. 77- 84, 1 December 2015. 

[123]R. Ashri, "The AI-Powered Workplace: How Artificial Intelligence, Data, and 

Messaging Platforms Are Defining the Future of Work," The AI-Powered Workplace, 2019. 

[124]C. ,. R. H.Häffner, "Quantum computing with trapped ions," Physics Reports, vol. 469, 

no. 4, pp. 155-203, December 2008. 

[125]S. S. ,. D. P. ,. I. C. Daniele Miorandi, "Internet of things: Vision, applications and 

research challenges," Ad Hoc Network, vol. 10, no. 7, pp. 1497-1516, September 2012. 

[126]C. Wei and Y. Li, "Design of energy consumption monitoring and energy-saving 

management system of intelligent building based on the Internet of things," in 2011 

International Conference on Electronics, Communications and Control (ICECC), Beijing, 

2011. 

[127]L. O. A. O. C. G. O. O. L. A. X.J.Luo, "Development of an IoT-based big data platform 

for day-ahead prediction of building heating and cooling demands," Advanced Engineering 

Informatics, vol. 41, p. 100926. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 November 2022                   doi:10.20944/preprints202211.0517.v1

https://www.rolandberger.com/en/Insights/Publications/Artificial-intelligence-in-the-construction-industry.html
https://www.rolandberger.com/en/Insights/Publications/Artificial-intelligence-in-the-construction-industry.html
https://doi.org/10.20944/preprints202211.0517.v1


[128]Y. P. F. X. J. F. W. Z. H. L. S. N. W. L. G. Q. G. Q. Ray Y.Zhong, "Prefabricated 

construction enabled by the Internet-of-Things," Automation in Construction, vol. 76, pp. 59-

70, April 2017. 

[129]H. Boyes, "Cybersecurity and Cyber-Resilient Supply Chains," Warwick, 2015. 

[130]S. Race, "Cyber Security," in Construction Manager's BIM Handbook, Wiley Online 

Library, 2016. 

[131]D. D. L. O. P. D. T. B. Juan Manuel, "A research agenda for augmented and virtual 

reality in architecture, engineering and construction," Advanced Engineering Informatics, 

vol. 45, no. 101122, August 2020. 

[132]J. G. S. K. K. N. M. T. W. Emanuelle Burton, "Ethical Considerations in Artificial 

Intelligence Courses," Association for the Advancement of Artificial Intelligence, pp. 22-34, 

2017. 

[133]N. P. P. ,. S. V. ,. V. K. Michael Crosby, "BlockChain Technology: Beyond Bitcoin," 

Applied Innovation Review, no. 2, pp. 6-20, June 2016. 

[134]N. V. a. A. K. A. Lanko, "Application of RFID combined with blockchain technology in 

logistics of construction materials," in MATEC Web of Conferences International Science 

Conference SPbWOSCE-2017 “Business Technologies for Sustainable Urban Development”, 

2018. 

[135]M. Y. L. T. H. J. Zihao.YE, "Cup-of-Water theory: A review on the interaction of BIM, 

IoT and blockchain during the whole building lifecycle," in 35th, Ningbo China, 2018. 

[136]C. E. C. M. a. E. S. C. A. E. C. Mondragon, "Exploring the applicability of blockchain 

technology to enhance manufacturing supply chains in the composite materials industry," in 

2018 IEEE International Conference on Applied System Invention (ICASI), Chiba (千葉) , 

Tokyo, 2018. 

[137]B. G. Buchanan, "A (Very) Brief History of Artificial Intelligence," AI Magazine, vol. 

26, pp. 1-8, 15 December 2005. 

[138]A. M. TURING, "COMPUTING MACHINERY AND INTELLIGENCE," Mind, vol. 

LIX, no. 236, p. 433–460, 01 October 1950. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 November 2022                   doi:10.20944/preprints202211.0517.v1

https://doi.org/10.20944/preprints202211.0517.v1


[139]W. Ertel, Introduction to Artificial Intelligence, Springer International Publishing, 2017, 

pp. XIV, 356. 

[140]D. R. &. C. S. Erik Brynjolfsson, Artificial Intelligence and the Modern Productivity 

Paradox: A Clash of Expectations and Statistics, J. G. &. A. G. AJAY AGRAWAL, Ed., 

Chicago: UNIVERSITY OF CHICAGO PRESS, 2019. 

[141]Elaine and K. R. Knight, Artificial Intelligence, 2nd ed., Lincoln, Lincolnshire: Mcgraw 

Hill Higher Education, 1991. 

[142]A. M. B. R. V. Y. Seth D Baum, "MODELING AND INTERPRETING EXPERT 

DISAGREEMENT ABOUT ARTIFICIAL SUPERINTELLIGENCE," An international 

journal of computing and informatics, vol. 41, no. 4, 2017. 

[143]S. FRANKLIN, "A Foundational Architecture for Artificial General Intelligence," 

Frontiers in Artificial Intelligence and Applications, pp. 36-54, June 2007. 

[144]B. G. Cassio Pennachin, "The Novamente Artificial Intelligence Engine," in Artificial 

General Intelligence, 2007, pp. 63-129. 

[145]P. N. Stuart Russell, Artificial Intelligence: A Modern Approach, 4th Edition, 4th ed., 

Pearson, 2020. 

[146]A. Kayid, The role of Artificial Intelligence in future technology, 2020. 

[147]L. O. O. L. A. A. A. Sofiat O. Abioye, "Artificial intelligence in the construction 

industry: A review of present status, opportunities and future challenges," Journal of Building 

Engineering, vol. 44, 5 October 2021. 

[148]I. D. Z. &. P. E. P. S. B. Kotsiantis, "Machine learning: a review of classification and 

combining techniques," Artificial Intelligence Review, p. 159–190, 10 November 2007. 

[149]C. V. Gentleman R., "Unsupervised Machine Learning," in Bioconductor Case Studies, 

New York, Springer, New York, NY, 2008, pp. 137-157. 

[150]R. S. Sutton, "Introduction: The challenge of reinforcement learning," Machine 

Learning, p. 225–227, May 1992. 

[151]Y. B. &. G. H. Yann LeCun, "Deep learning," Nature , p. 436–444, 27 May 2015. 

[152]J. Schmidhuber, "Deep Learning in Neural Networks: An Overview," Neural Networks, 

vol. 61, pp. 85-117, January 2015. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 November 2022                   doi:10.20944/preprints202211.0517.v1

https://doi.org/10.20944/preprints202211.0517.v1


[153]A. A. A. O. L. O. D. J. M. D. A. L. A. O. B. M. Oyedele, "Deep learning and Boosted 

trees for injuries prediction in power infrastructure projects," Applied Soft Computing, vol. 

110, no. 107587, pp. 1 - 14, 2021. 

[154]M. G. D. N. P. Traverso, Automated Planning, 1st ed., Elsevier, 2004. 

[155]G. R. S. C. D. Y. Alex Fukunaga, "Towards an Application Framework for Automated 

Planning and Scheduling," in IEEE Aerospace Conference, Snowmass, CO, 1997, Pasadena, 

1997. 

[156]J. A. B. ,. J. P. Jens Kober, "Reinforcement learning in robotics: A survey," The 

International Journal of Robotics Research, vol. 32, no. 11, pp. 1238-1274, 23 August 2013. 

[157]J. M. O. L. A. A. A. L. A. L. B. M. &. O. Davila Delgado, "Robotics and automated 

systems in construction: Understanding industry-specific challenges for adoption.," Journal of 

Building Engineering, vol. 26, 2019. 

[158]A. E. G. D. M. I. S. Gabriella Cortellessa, "Automated planning and scheduling," 

Articolo Intelligenza Artificiale 8, vol. 8, no. 1, p. 55–56, 2014. 

[159]J. L. Kolodner, "An introduction to case-based reasoning," Artificial Intelligence 

Review volume, vol. 6, p. 3–34, 1992. 

[160]H. Nwana, "Intelligent tutoring systems: an overview," Artificial Intelligence Review, 

vol. IV, p. 251–277, 1990. 

[161]G. M. a. B. Shneiderman, "Finding Facts vs. Browsing Knowledge in Hypertext 

Systems," Computer, vol. 21, no. 1, pp. 70-80, January 1988. 

[162]R. Akerkar and P. Sajja, Knowledge-based systems, 1st ed., USA: Sudbury, Mass. : 

Jones and Bartlett, ©2010., 2010. 

[163]M. Bilal, L. O. Oyedele, J. Qadir, K. Munir, S. O. Ajayi, O. O. Akinade, H. A. Owolabi, 

H. A. Alaka and M. Pasha, "Big Data in the construction industry: A review of present status, 

opportunities, and future trends," Advanced Engineering Informatics, vol. 30, no. 3, pp. 500-

521, 19 July 2016. 

[164]P. P. P. Juell, "Using Reinforcement Learning for Similarity Assessment in Case-Based 

Systems," IEEE Intelligent Systems, vol. 18, no. 4, pp. 60-67, 2003. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 November 2022                   doi:10.20944/preprints202211.0517.v1

https://doi.org/10.20944/preprints202211.0517.v1


[165]G. G. Chowdhury, "Natural language processing," Annual Review of Information 

Science and Technology, vol. 37, no. 1, pp. 51-89, 31 January 2005. 

[166]J. W. ,. M. K. ,. K. K. ,. P. K. Ronan Collobert, "Natural Language Processing (Almost) 

from Scratch," Journal of Machine Learning Research 12 (2011) 2493-2537, vol. 12, pp. 

2493 - 2537, 2011. 

[167]S. B. a. L. Vandenberghe, Convex Optimization, The Edinburgh Building, Cambridge: 

Cambridge University Press, New York, 2004. 

[168]T. I. ,. M. G. Serkan Kiranyaz, Multidimensional Particle Swarm Optimization for 

Machine Learning and Pattern Recognition, 1st ed., Berlin: Springer, Berlin, Heidelberg, 

2014, pp. XXVIII, 321. 

[169]K. M. E. a. M. E. Graebner, "Theory Building from Cases: Opportunities and 

Challenges," The Academy of Management Journal, vol. 50, pp. 25-32, 2007. 

[170]S. Metcalfe, "A forward-thinking contractor with a people first approach," 2021. 

[Online]. Available: https://spellermetcalfe.com/about-us/. [Accessed 18 September 2021]. 

[171]OGILVIE FIRE PROTECTION LTD, "OGILVIE FIRE PROTECTION LTD," 6 

September 2016. [Online]. Available: https://find-and-update.company-

information.service.gov.uk/company/10360531. [Accessed 22 September 2021]. 

[172]Ogilvie Fire Protection, "Industry leading passive & structural fire protection systems," 

2021. [Online]. Available: https://www.ogilviefp.com/case-studies. [Accessed 20 September 

2021]. 

[173]Touchplan, "Jacobsen Uses Data to Drive Growth by Digitizing the Planning Process," 

2016. [Online]. Available: https://touchplan.io/case-studies/touchplan-jacobsen-using-the-

data-to-drive-growth/. [Accessed 22 September 2021]. 

[174]Menkes Developments Ltd, "Menkes Developments Ltd," 2021. [Online]. Available: 

https://www.dnb.com/business-directory/company-

profiles.menkes_developments_ltd.8f440afd104429221bd35c7b06979ff8.html. [Accessed 22 

September 2021]. 

[175]INDUS.AI, "Construction Intelligence - AI and Computer Vision in Construction 

Sites," 2021. [Online]. Available: https://www.indus.ai/solutions/construction-intelligence/. 

[Accessed 23 September 2021]. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 November 2022                   doi:10.20944/preprints202211.0517.v1

https://spellermetcalfe.com/about-us/
https://find-and-update.company-information.service.gov.uk/company/10360531
https://find-and-update.company-information.service.gov.uk/company/10360531
https://www.ogilviefp.com/case-studies
https://touchplan.io/case-studies/touchplan-jacobsen-using-the-data-to-drive-growth/
https://touchplan.io/case-studies/touchplan-jacobsen-using-the-data-to-drive-growth/
https://www.dnb.com/business-directory/company-profiles.menkes_developments_ltd.8f440afd104429221bd35c7b06979ff8.html
https://www.dnb.com/business-directory/company-profiles.menkes_developments_ltd.8f440afd104429221bd35c7b06979ff8.html
https://www.indus.ai/solutions/construction-intelligence/
https://doi.org/10.20944/preprints202211.0517.v1


[176]GetApp, "Fieldwire," 2021. [Online]. Available: 

https://www.getapp.za.com/software/102423/fieldwire#media. [Accessed 24 September 

2021]. 

[177]Fieldwire, Application of Artificial Intelligence for Construction Project Planning, 

2017. 

[178]Fieldwire, "Construction Scheduling Software," Fieldwire | San Francisco, CA, 01 

March 2020. [Online]. Available: https://www.fieldwire.com/construction-scheduling-

software/?&mkt_tok=NjI5LU9NQS0xOTUAAAF_uUhcbPNz2Fa7JR00S-

wk19bhAX01vXiTYzPuSwvtW5FoNcsm4Bg8T113IpSpbWf-9f1ompdI-LWvJ-

DMAHHJGaLGGBUiP3Ord_Hi_1EQ0w. [Accessed 16 December 2021]. 

[179]Fieldwire, "Construction Management Software," Fieldwire | San Francisco, CA, 01 

March 2020. [Online]. Available: https://www.fieldwire.com/construction-management-

software/?&mkt_tok=NjI5LU9NQS0xOTUAAAF_uUhcbPNz2Fa7JR00S-

wk19bhAX01vXiTYzPuSwvtW5FoNcsm4Bg8T113IpSpbWf-9f1ompdI-LWvJ-

DMAHHJGaLGGBUiP3Ord_Hi_1EQ0w. [Accessed 16 December 2021]. 

[180]R. Morrison, "4 Reasons Why Technology Is Exactly What Construction Needs," 

Fieldwire | San Francisco, CA, 9 November 2021. [Online]. Available: 

https://www.fieldwire.com/blog/4-reasons-why-technology-is-what-construction-needs/. 

[Accessed 7 January 2022]. 

[181]A. Roe, "Construction Labor Productivity: How to Measure and Improve It," Fieldwire | 

San Francisco, CA, 31 November 2021. [Online]. Available: 

https://www.fieldwire.com/blog/construction-labor-productivity-how-to-measure-and-

improve/. [Accessed 10 January 2022]. 

[182]T. Stemm, "Why You Need Integrated Project Management Software in Construction," 

Fieldwire | San Francisco, CA, 31 March 2021. [Online]. Available: 

https://www.fieldwire.com/blog/why-construction-needs-integrated-project-management-

software/. [Accessed 11 January 2022]. 

[183]Fieldwire, "Leveraging Mobile Tech for Construction in Africa," Fieldwire | San 

Francisco, CA, 27 November 2017. [Online]. Available: 

https://www.fieldwire.com/blog/leveraging-mobile-in-african-construction/. [Accessed 14 

January 2021]. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 November 2022                   doi:10.20944/preprints202211.0517.v1

https://www.getapp.za.com/software/102423/fieldwire
https://www.fieldwire.com/blog/4-reasons-why-technology-is-what-construction-needs/
https://www.fieldwire.com/blog/construction-labor-productivity-how-to-measure-and-improve/
https://www.fieldwire.com/blog/construction-labor-productivity-how-to-measure-and-improve/
https://www.fieldwire.com/blog/why-construction-needs-integrated-project-management-software/
https://www.fieldwire.com/blog/why-construction-needs-integrated-project-management-software/
https://www.fieldwire.com/blog/leveraging-mobile-in-african-construction/
https://doi.org/10.20944/preprints202211.0517.v1


[184]M. Schneiderman, "5 Ways to Avoid Rework and Disputes," Fieldwire | San Francisco, 

CA, 26 May 2020. [Online]. Available: https://www.fieldwire.com/blog/how-to-avoid-

rework-disputes-construction/. [Accessed 14 January 2022]. 

[185]R. Morrison, "The Top 5 Reasons Why Construction Projects Get Delayed," Fieldwire | 

San Francisco, CA, 01 July 2021. [Online]. Available: https://www.fieldwire.com/blog/the-

top-5-reasons-why-construction-projects-get-delayed/. [Accessed 16 January 2022]. 

[186]A. Dibe, "How to Stamp Out Racism in Construction," Fieldwire | San Francisco, CA, 

10 March 2021. [Online]. Available: https://www.fieldwire.com/blog/how-to-stop-racism-in-

construction/. [Accessed 16 January 2022]. 

[187]Touchplan, "Touchplan," 2021. [Online]. Available: 

https://www.getapp.za.com/software/112019/touchplan-io. [Accessed 28 September 2021]. 

[188]Touchplan, Nwosu's Sample Project - Application Of Artificial Intelligence For 

Construction Project Planning, Capetown, Western Cape, 2021. 

[189]Touchplan, "Touchplan Guides," Copyright © 2022 Touchplan Guides, 19 01 2022. 

[Online]. Available: https://guides.touchplan.io/?page_id=29. [Accessed 20 01 2022]. 

[190]Touchplan Guides, "How to Build a Plan," Copyright © 2022 Touchplan Guides, 22 

January 2022. [Online]. Available: https://guides.touchplan.io/?page_id=52. [Accessed 23 

January 2022]. 

[191]Touchplan Guides, "How to Track Commitments and Variance Reasons," Copyright © 

2022 Touchplan Guides, 23 January 2022. [Online]. Available: 

https://guides.touchplan.io/?page_id=58. [Accessed 25 January 2022]. 

[192]Touchplan Guides, "Weekly Meetings Guide," Copyright © 2022 Touchplan Guides, 27 

January 2022. [Online]. Available: https://guides.touchplan.io/?page_id=60. [Accessed 29 

January 2022]. 

[193]Touchplan, "Construction Technology Description and Education Basics," A MOCA 

Systems group, 31 January 2022. [Online]. Available: https://touchplan.io/deep-

dives/construction-technology-description-and-education-basics/. [Accessed 01 February 

2022]. 

[194]M. Carr, "An Intro to the Last Planner® System," Construction Productivity Blog © 

2021 - PlanGrid, Inc., 18 June 2018. [Online]. Available: 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 November 2022                   doi:10.20944/preprints202211.0517.v1

https://www.fieldwire.com/blog/how-to-avoid-rework-disputes-construction/
https://www.fieldwire.com/blog/how-to-avoid-rework-disputes-construction/
https://www.fieldwire.com/blog/the-top-5-reasons-why-construction-projects-get-delayed/
https://www.fieldwire.com/blog/the-top-5-reasons-why-construction-projects-get-delayed/
https://www.fieldwire.com/blog/how-to-stop-racism-in-construction/
https://www.fieldwire.com/blog/how-to-stop-racism-in-construction/
https://www.getapp.za.com/software/112019/touchplan-io
https://guides.touchplan.io/?page_id=29
https://guides.touchplan.io/?page_id=52
https://guides.touchplan.io/?page_id=58
https://guides.touchplan.io/?page_id=60
https://touchplan.io/deep-dives/construction-technology-description-and-education-basics/
https://touchplan.io/deep-dives/construction-technology-description-and-education-basics/
https://doi.org/10.20944/preprints202211.0517.v1


https://blog.plangrid.com/2018/06/an-intro-to-the-last-planner-system/. [Accessed 01 

February 2022]. 

[195]AutoDesk Construction Cloud, "Indus.ai Construction Intelligence," 2019. [Online]. 

Available: https://construction.autodesk.com/workflows/construction-software-

integrations/indus-ai/. [Accessed 28 September 2021]. 

[196]INDUS.AI, "AI-powered Construction Progress & Performance Tracking (Remotely)," 

6 October 2021. [Online]. Available: https://www.indus.ai/solutions/ai-powered-

construction-progress-and-performance-tracking/. [Accessed 7 October 2021]. 

[197]INDUS.AI CONSTRUCTION INTELLIGENCE, "AI-powered Monitoring for Health, 

Safety & Compliance," © COPYRIGHT 2022 INDUS.AI. , 2 January 2022. [Online]. 

Available: https://www.indus.ai/solutions/safety-compliance-powered-by-indus-ai/. 

[Accessed 3 January 2022]. 

[198]United Solutions, "WHAT IS PROCORE?," 2019© United Solutions Group, 05 May 

2020. [Online]. Available: https://blog.u-s-i.com/blog/what-is-procore. [Accessed 07 

February 2021]. 

[199]BIM PLUS, "Procore acquires AI analytics platform," Atom Publishing, 11 May 2021. 

[Online]. Available: https://www.bimplus.co.uk/procore-acquires-ai-analytics-platform/. 

[Accessed 08 February 2022]. 

[200]Procore, "Log In to Procore," Procore Student Certification Learning Portal, 09 

February 2022. [Online]. Available: https://education.procore.com/procore-certification-

student/1022849/scorm/38w7ncdgcyq1k. [Accessed 11 February 2022]. 

[201]Procore, "Intro to Project Management Tools," Procore Student Certification Learning 

Portal, 09 February 2022. [Online]. Available: https://education.procore.com/procore-

certification-student/1022913/scorm/c25o1v6gk919. [Accessed 12 February 2022]. 

[202]A. Lober, "Ushering In The Era of Insights Driven Construction," Procore Corporate 

Blog, 17 March 2021. [Online]. Available: https://blog.procore.com/ushering-in-the-era-of-

insights-driven-construction/. [Accessed 4 March 2022]. 

[203]A. Brown, "Nelson Mandela University: Future-proofing talent in construction," 

Procore Corporate, 26 Month 2020. [Online]. Available: https://blog.procore.com/nelson-

mandela-university-future-proofing-talent-in-construction/. [Accessed 6 March 2021]. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 November 2022                   doi:10.20944/preprints202211.0517.v1

https://blog.plangrid.com/2018/06/an-intro-to-the-last-planner-system/
https://construction.autodesk.com/workflows/construction-software-integrations/indus-ai/
https://construction.autodesk.com/workflows/construction-software-integrations/indus-ai/
https://www.indus.ai/solutions/ai-powered-construction-progress-and-performance-tracking/
https://www.indus.ai/solutions/ai-powered-construction-progress-and-performance-tracking/
https://www.indus.ai/solutions/safety-compliance-powered-by-indus-ai/
https://blog.u-s-i.com/blog/what-is-procore
https://www.bimplus.co.uk/procore-acquires-ai-analytics-platform/
https://education.procore.com/procore-certification-student/1022849/scorm/38w7ncdgcyq1k
https://education.procore.com/procore-certification-student/1022849/scorm/38w7ncdgcyq1k
https://education.procore.com/procore-certification-student/1022913/scorm/c25o1v6gk919
https://education.procore.com/procore-certification-student/1022913/scorm/c25o1v6gk919
https://blog.procore.com/ushering-in-the-era-of-insights-driven-construction/
https://blog.procore.com/ushering-in-the-era-of-insights-driven-construction/
https://blog.procore.com/nelson-mandela-university-future-proofing-talent-in-construction/
https://blog.procore.com/nelson-mandela-university-future-proofing-talent-in-construction/
https://doi.org/10.20944/preprints202211.0517.v1


[204]P. Bhardwaj, "What is Cisco Packet Tracer?," Tutorials Point, 26 August 2021. 

[Online]. Available: https://www.tutorialspoint.com/what-is-cisco-packet-tracer. [Accessed 

08 March 2022]. 

[205]M. K. M. R. Pitcheri Praveen Kumar, "Design and Implementation of Smart Home," 

International Journal of Innovative Technology and Exploring Engineering (IJITEE), vol. 8, 

no. 11S, p. 1, September 2019. 

[206]M. K. M. Pitcheri Praveen Kumar, "Designing Smart Home Using Cisco Packet Tracer 

7.2," International Journal of Research in Advent Technology, vol. 7, no. 4S, p. 1, April April 

2019. 

[207]P. S. A. M. S. N. J. N. A. G.L.P Ashok, "Implementation Of Smart Home By Using 

Packet," INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH, 

vol. 9, no. 2, p. 1, February 2020. 

[208]D. Corazon, "What is a Home Network Gateway?," Conjecture Corporation Copyright 

2003 - 2022, 12 March 2022. [Online]. Available: https://www.easytechjunkie.com/what-is-

a-home-network-gateway.htm. [Accessed 15 March 2022]. 

[209]M. Baqir and H. K. Channi, "Analysis and design of solar PV system using Pvsyst 

software," Materials Today: Proceedings, vol. 48, no. 5, pp. 1332-1338, 2022. 

[210]J. L. F. S. P. M. a. R. M. J. Blanco, "Artificial intelligence: Construction technology’s 

next frontier.," Mckinsey, 4 April 2018. [Online]. Available: 

https://www.mckinsey.com/business-functions/operations/our-insights/artificial-intelligence-

construction-technologys-next-frontier. [Accessed 15 May 2022]. 

[211]F. W. J. M. J. R. M. J. S. M. P. M. N. a. B. S. Barbosa, "Reinventing construction: A 

route to higher productivity.” Reinventing construction: A route to higher productivity," 

Mckinsey, 8 February 2017. [Online]. Available: 

https://www.mckinsey.com/~/media/mckinsey/industries/capital%20projects%20and%20infr

astructure/our%20insights/reinventing%20construction%20through%20a%20productivity%2

0revolution/mgi-reinventing-construction-executivesummary.ashx. [Accessed 15 May 2022]. 

[212]M. Fullan, The New Meaning of Educational Change, 4th ed., London: Routledge, 

2007. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 November 2022                   doi:10.20944/preprints202211.0517.v1

https://www.tutorialspoint.com/what-is-cisco-packet-tracer
https://www.easytechjunkie.com/what-is-a-home-network-gateway.htm
https://www.easytechjunkie.com/what-is-a-home-network-gateway.htm
https://www.mckinsey.com/business-functions/operations/our-insights/artificial-intelligence-construction-technologys-next-frontier
https://www.mckinsey.com/business-functions/operations/our-insights/artificial-intelligence-construction-technologys-next-frontier
https://doi.org/10.20944/preprints202211.0517.v1


[213]D. C. M. •. J. A. D. •. A. Wandersman, "The Quality Implementation Framework: A 

Synthesis of Critical Steps in the Implementation Process," Society for Community Research 

and Action, vol. 50, no. 3-4, pp. 462-480, 2012. 

[214]G. A. R. G. J. t. H. M. &. W. W. Schuh, Industrie 4.0 Maturity Index: Managing the 

Digital Transformation of Companies., München: acatech STUDY, 2017, p. 60. 

[215]P. a. W. E. Roland, Implementering. °A omsette teorier, aktiviteter og strukturer i 

praksis [To put into practice theories, activities ans structures]., 1st ed., Oslo: 

Universitetsforlaget, 2015. 

[216]C. F. G. Erik W. Larson, Project Management The Managerial Process, 5th ed., New 

York City: McGraw-Hill/Irwin, 2011, p. 691. 

[217]C. B. Frank Blackler, "Alternative models to guide the design and introduction of the 

new information technologies into work organizations," Journal of Occupational Psychology, 

vol. 59, no. 4, pp. 287-313, December 1986. 

[218]S. S. Barbara Senior, Organizational Change, Hull: Pearson Education, 2010, p. 405. 

[219]R. Atkinson, "Organizational Change Management: An Essential Part of the Service 

Management Journey. English," Think HDI, London, 2015. 

[220]P. J. R. R. P. P. F. S. P. J. R. P. I. C. P. C. B. P. B. H. D. A. C. a. H. P. D. D. Arnold, 

Work Psychology, Harlow: Pearson Education Limited, 2010. 

[221]P. a. W. E. Roland, Implementering. Å omsette teorier, aktiviteter og strukturer i praksis 

[To put into practice theories, activities ans structures]., Oslo: Universitetsforlaget, 2015. 

[222]N. T. S. Deborah L. Duarte, Mastering Virtual Teams: Strategies, Tools, and 

Techniques That Succeed,, 3rd ed., San Francisco: Jossey-Bass, 2006, p. 288. 

[223]L. Korszilius, A system and contingency analysis applied to construction projects of 

exceptional architectural design., 1988. 

[224]M. Hancock, "Cultural Differences between Construction Professionals in Denmark and 

United Kingdom," Danish Building Research Institute, Hoersholm, 2000. 

[225]S. &. Y. S. Skinnarland, "Exploring the Development of Collaboration in Construction 

Projects: A Case Study' In:, Walsh, K. & Alves, T.,," in 18th Annual Conference of the 

International Group for Lean Construction. Haifa, Israel, 14-16 Jul 2010, Haifa, 2010. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 November 2022                   doi:10.20944/preprints202211.0517.v1

https://doi.org/10.20944/preprints202211.0517.v1


[226]M. M. Khalfan, P. McDermott and W. Swan, "Building trust in construction projects," 

Supply Chain Management: An International Journal, vol. 12, no. 6, p. 7, 2007. 

[227]M. R. S. R. M. a. P. F. Kumaraswamy, "Strategies for triggering the required 'cultural 

revolution' in the construction industry," Culture in construction, vol. 6, p. 275, 2001. 

[228]A. F. J. N. J. a. P. V. Quelhas, "Model to Measure Adherence of Culture, Climate, and 

Organizational Behavior in a Construction Company," Journal of Management in 

Engineering, vol. 35, no. 4, 2019. 

[229]J. a. Z. G. Zuo, "Project culture within construction projects: A literature review," in 

13th International Group for Lean Construction Conference: Proceedings, 2005. 

[230]E. K. KRISTENSEN, "Systematic barriers to a future transformation of the building 

industry from a buyer controlled to a seller driven industry," OpenAIR@RGU, Aberdeen, 

2011. 

[231]B. T. Kalsaas, Lean Construction. Forst°a og forbedre prosjektbasert produksjon. [Lean 

Construction. Understand and improve project-based production], Bergen: Fagbokforlaget, 

2017. 

[232]L. Koskela, "Application of the New Production Philosophy to Construction," CIFE, 

Stanford, 1992. 

[233]H. G. BALLARD, "THE LAST PLANNER SYSTEM OF PRODUCTION 

CONTROL," The University of Birmingham, Birmingham, 2000. 

[234]G. Howell and G. Ballard, "IMPLEMENTING LEAN 

CONSTRUCTION:UNDERSTANDING AND ACTION," in the 6th Annual Conference of 

the International Group for Lean Construction. , Guaruja, Brazil, 1998. 

[235]G. a. H. G. Ballard, "Lean Project Management," Building Research and Information, 

vol. 31, no. 1, pp. 1-15, 2003. 

[236]P. Montiel-Overall, "Toward a Theory of Collaboration for Teachers and Librarians," in 

In Proceedings of the 12th International Learning Conference, 2005. 

[237]B. S. a. K. S. W. J. Bell, "A Typology of Virtual Teams: Implications for Effective 

Leadership," Group & Organization Management, vol. 27, no. 1, pp. 14-49, 1 March 2002. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 November 2022                   doi:10.20944/preprints202211.0517.v1

https://doi.org/10.20944/preprints202211.0517.v1


[238]U. B. Joseph B. Walther, "The Rules of Virtual Groups: Trust, Liking, and Performance 

in Computer-Mediated Communication Get," Journal of Communication, vol. 55, no. 4, p. 

828–846, 2005. 

[239]R. C. D. J. H. &. S. F. D. Mayer, "An Integrative Model of Organizational Trust," 

Academy of Management Review, vol. 20, no. 3, pp. 709-724, 1995. 

[240]R. a. B. B. Lewicki, "Developing and Maintaining Trust in Work Relationships," Trust 

in Organizations: Frontiers of Theory and Research, pp. 114-139, 1996. 

[241]J. Newman, Modernizing Governance: New Labour, Policy and Society, London, 

England: SAGE publications, 2001, p. 208. 

[242]K. a. E. D. Dorner, "What digital really means.," Mickinsey, 2015. [Online]. Available: 

https://www.mckinsey.com/industries/high- tech/our-insights/what-digital-really-means.. 

[Accessed 15 June 2022]. 

[243]Nick, "Introduction to PVsyst: The Best Solar Design Software for 2021," Gses 

international, 27 July 2021. [Online]. Available: 

https://www.gsesinternational.com/blog/introduction-to-pvsyst-the-best-solar-design-

software-for-2021/. [Accessed 20 June 2022]. 

[244]R. C. S. a. S. M. Agarwal, " Imagining construction’s digital future," McKinsey and 

Company, 24 June 2016. [Online]. Available: https://www.mckinsey.com/business-

functions/operations/our-insights/imagining-constructions-digital-future. [Accessed 20 June 

2022]. 

[245]T. K. G. P. James Harty, Getting to Grips with BIM: A Guide for Small and Medium-

Sized Architecture, Engineering and Construction Firms, 1st ed., London: Routledge, 2015, 

p. 282. 

[246]A. O. A. U. Amedeo Cesta, "Fostering Robust Human-Robot Collaboration through AI 

Task Planning," in 51st CIRP Conference on Manufacturing Systems, Roma, 2018. 

[247]P. W. Murrill and C. L. Smith, Introduction to computer science, New York: New York, 

Intext Educational Publishers, 1973, p. 621. 

[248]R. B. Hadi Salehi, "Emerging artificial intelligence methods in structural engineering," 

Engineering Structures, vol. 171, pp. 170-189, 15 September 2018. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 November 2022                   doi:10.20944/preprints202211.0517.v1

https://www.mckinsey.com/industries/high
https://www.gsesinternational.com/blog/introduction-to-pvsyst-the-best-solar-design-software-for-2021/
https://www.gsesinternational.com/blog/introduction-to-pvsyst-the-best-solar-design-software-for-2021/
https://www.mckinsey.com/business-functions/operations/our-insights/imagining-constructions-digital-future
https://www.mckinsey.com/business-functions/operations/our-insights/imagining-constructions-digital-future
https://doi.org/10.20944/preprints202211.0517.v1


[249]S. P. R. B. E. C. J. M. J. N. J. C. L. T. E. J. G. B. a. B. Z. Yoav, " Artificial intelligence 

index 2018 annual report.," Stanford University, California, 2018. 

[250]H. A. Abbass, "Social Integration of Artificial Intelligence: Functions, Automation 

Allocation Logic and Human-Autonomy Trust," Cognitive Computation, vol. 11, p. 159–171, 

14 January 2019. 

[251]P. D. F. V. Alex Pazaitisa, "Blockchain and value systems in the sharing economy: The 

illustrative case of Backfeed," Technological Forecasting and Social Change, vol. 125, pp. 

105-115, December 2017. 

[252]L. Stannard, "Blockchain In Construction: How It Will Change the Industry," Think Big 

Blog, 26 February 2021. [Online]. Available: https://www.bigrentz.com/blog/blockchain-in-

construction. [Accessed 26 June 2022]. 

[253]H. Hagras, "Toward Human-Understandable, Explainable AI," Computer , vol. 51, no. 

9, pp. 28 - 36, September 2018. 

[254]M. Rahman, "An investigation into the barriers to the implementation of automation and 

robotics technologies in the construction indsutry," Queensland University of Technology , 

Queensland, 2008. 

[255]H. A. R. P. S. Mistri, "Remedies over Barriers of Automation and Robotics for 

Construction Industry," Int. J. Adv. Res. Eng. Sci. Manag, pp. 1-4, 2015. 

[256]S. Elattar, "AUTOMATION AND ROBOTICS IN CONSTRUCTION: 

OPPORTUNITIES AND CHALLENGES," Emirates Journal for Engineering Research, vol. 

13, no. 2, pp. 21-26 , August 2008. 

[257]R. Mahbub, "Readiness of a Developing Nation in Implementing Automation and 

Robotics Technologies in Construction: A Case Study of Malaysia," Journal of civil 

engineering and architecture, vol. 6, pp. 858-866, 28 July 2012. 

[258]A. R. K. U. S. Akash S. Tambi, "REMEDIES OVER THE OBSTACLES IN 

IMPLEMENTING AUTOMATION IN INDIAN INFRASTRUCTURE PROJECTS," 

International Journal of Research in Engineering and Technology, vol. 3, no. 5, pp. 606- 608, 

2014. 

[259]C. S. L. S. D. S. Alexander Norman Ruggiero, Robotics In Construction, Worcester 

Polytechnic Institute, 2016. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 November 2022                   doi:10.20944/preprints202211.0517.v1

https://www.bigrentz.com/blog/blockchain-in-construction
https://www.bigrentz.com/blog/blockchain-in-construction
https://doi.org/10.20944/preprints202211.0517.v1


[260]T. H. P. K. M. J. E. G. Pentti Vähä (Corresponding Author), "Extending automation of 

building construction: Survey on potential sensor technologies and robotic applications," 

Automation in Construction, vol. 36, pp. 168-178, 2013. 

[261]H.-L. C. X. W. &. L. D. Mi Jeong Kim, "Automation and Robotics in Construction and 

Civil Engineering," Journal of Intelligent & Robotic Systems , vol. 79, p. 347–350, 2015. 

[262]A. Warszawski, Application of Robotics to Building Construction, Pittsburgh: 

Computer Science, 1984. 

[263]K.-F. Lee, Ai Superpowers: China, Silicon Valley, and the New World Order, 

HarperCollins, 2018, p. 288. 

[264]S. A. L. C. C. W. a. Y. A. Carpenter, "Hierarchies of Understaning: Prepar- ing for A.I," 

Learning and Collaboration Technologies. Design, Development and Technological 

Innovation, vol. 10924, pp. 20-39, 2018. 

[265]A. L. S. R. R. B. G. Y. Jichen Zhu, "Explainable AI for Designers: A Human-Centered 

Perspective on Mixed-Initiative Co-Creation," in 2018 IEEE Conference on Computational 

Intelligence and Games (CIG), 2018. 

[266]F. J. H. Don Harris, "Evaluating the transfer of technology between application 

domains: A critical evaluation of the human component in the system," Technology in 

Society, vol. 26, no. 4, pp. 551-565, November 2004. 

[267]J. M. a. M. M. Michael Chui, "What AI can and Can't do (yet) for your business," 

Mckinsey & Company, 11 January 2018. [Online]. Available: https://www. 

mckinsey.com/business-functions/mckinsey-analytics/our-insights/what-ai-can-and-cant- do-

yet-for-your-business.. [Accessed 26 June 2022]. 

[268]D. L. D. M. M. Fox, Explainable Planning, ArXiv , 2017. 

[269]A. Kirsch, Explain to whom? Putting the User in the Center of Explainable AI, 

Tübingen : CEUR Workshop Proceedings, 2018. 

[270]O. K. B. K. K. a. K. A. Engert, " Comminications in mergers: The glue that holds 

everything together.," Mckinsey & Company, 2019. [Online]. Available: 

https://www.mckinsey.com/∼/media/ 

McKinsey/Business%20Functions/Organization/Our%20Insights/Communications%20in% 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 November 2022                   doi:10.20944/preprints202211.0517.v1

https://www/
https://doi.org/10.20944/preprints202211.0517.v1


20mergers%20The%20glue%20that%20holds%20everything%20together/Communications- 

in-mergers-The-glue-that-holds-everything-together.ashx. [Accessed 27 June 2022]. 

[271]A. W. J. S. R. U. K. a. C. S. Chander, "Working with Beliefs: AI Transparency in the 

Enterprise," International Journal of Research in Engineering, Science and Management, vol. 

1, no. 9, p. 4, 2018. 

[272]IBM, "Building Trust in AI," IBM, 2015. [Online]. Available: 

http://www.ibm.com/watson/advantage-reports/future-of-artificial-intelligence/building-trust-

in-ai.html. [Accessed 27 June 2022]. 

[273]A. Biradar, "Fuzzy Logic System in Artificial Intelligence," International Journal of 

Advance Research In Science, Engineering and Technology , vol. 1, no. 1, p. 6, 2016. 

[274]T. Sanders, TODAY’S CONSTRUCTION ECONOMY, MOCA, 2021, pp. 1-3. 

[275]T. Sanders, Today's Construction Economy, MOCA Systems, 2022. 

[276]Market Research, Construction in Norway - Key Trends and Opportunities to 2025 (H2 

2021), 2021, p. 50. 

[277]Y. Marchuk, "Circular Economy in the Construction Sector – the Norwegian case," 

International development-norway, 14 November 2019. [Online]. Available: https://id-

norway.com/circular-economy-in-the-construction-sector-the-norwegian-case/. [Accessed 11 

July 2022]. 

[278]Simply Wall St™, "Norwegian (OSEAX) Construction Industry Analysis," Aggregated 

Company Financials, 10 July 2022. [Online]. Available: 

https://simplywall.st/markets/no/industrials/construction. [Accessed 11 July 2022]. 

[279]S. a. B. H. G. Korb, "Believing is seeing: paradigms as a Focal Point in the Lean 

Discourse.," in Proceedings from the annual conference of the International Group for Lean 

Construction (IGLC), Chennai, 2018. 

[280]T. Kuhn, The structure of scientific revolutions., 2nd ed., Chicago: University of 

Chicago Press, 1970. 

[281]H. Sankey, "Kuhn’s changing concept of incommensurability," The British journal for 

the philosophy of science, vol. 44, no. 4, p. 759–774, 1993. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 November 2022                   doi:10.20944/preprints202211.0517.v1

http://www.ibm.com/watson/advantage-reports/future-of-artificial-intelligence/building-trust-in-ai.html
http://www.ibm.com/watson/advantage-reports/future-of-artificial-intelligence/building-trust-in-ai.html
https://id-norway.com/circular-economy-in-the-construction-sector-the-norwegian-case/
https://id-norway.com/circular-economy-in-the-construction-sector-the-norwegian-case/
https://simplywall.st/markets/no/industrials/construction
https://doi.org/10.20944/preprints202211.0517.v1


[282]H.-G. Gadamer, Wahrheit und Methode: Grundzüge einer philosophischen 

Hermeneutik, 3, Ed., Michigan: Mohr, 1960, 1960, p. 486 pages. 

[283}CX. D. K. a. L. Y. Sun, "Mapping the evolution of scientific fields based on cross-field 

authors.," Journal of informetrics, vol. 10, no. 3, p. 750–761, 2016. 

[284]E. Rogers, "Diffusion of preventive innovations," Addictive behaviors, vol. 27, no. 6, p. 

989–993, 2002. 

[285]P. Haas, "Do Regimes matter? Epistemic communities and mediterranean pollution 

control," International organization, vol. 43, no. 3, p. 377–403, 1989. 

[286]B. a. S. G. Czarniawska, Global ideas: how ideas, objects, and practices travel in the 

global economy, Fredriksberg: Liber and Copenhagen Business School Press, 2005. 

[287]L. a. R. J. Koskela, " What triggers management innovation?," in Proceedings from the 

annual conference of the International Group for Lean Construction (IGLC), Taipei, 2009. 

[288]A. e. a. Engebø, "Collaborative project delivery methods: a scoping review," Journal of 

civil engineering and management, vol. 20, no. 3, p. 278–303, 2020. 

[289]L. B. G. a. H. G. Koskela, "Achieving change in construction," in Proceedings from the 

annual conference of the International Group for Lean Construction (IGLC), Virgnia, 2003. 

[290]L. e. a. Alarcón, "Assessing the impacts of implementing lean construction.," evista 

Ingeniería de Construcción, vol. 23, no. 1, p. 26–33, 2008. 

[291]G. a. H. G. Ballard, "Competing construction management paradigms," Lean 

construction journal, vol. 1, no. 1, p. 38–45, 2004. 

[292]D. G. C. a. A. M. Naney, "Accelerating the adoption of lean thinking in the construction 

industry," in Proceedings from the annual conference of the International Group for Lean 

Construction (IGLC), San Diego, 2012. 

[293]J. a. S. G. Hauschildt, "Gatekeeper and process promotor: key persons in agile and 

innovative organizations," International journal of agile management systems, vol. 2, no. 2, p. 

96–102, 2000. 

[294]J. a. K. E. Hauschildt, "Teamwork for innovation – the ‘troika’ of promotors," R&D 

management, vol. 31, no. 1, p. 41–49, 2002. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 November 2022                   doi:10.20944/preprints202211.0517.v1

https://doi.org/10.20944/preprints202211.0517.v1


[295]A. Mossman, " Why isn’t the UK construction industry going lean with gusto," Lean 

construction journal, p. 24–36, 2009. 

[296]J. e. a. Lohne, "Homines Oeconomici or moral saints? On the purpose of educating civil 

engineers," Proceedings of the 9th Nordic Conference on Construction Economics and 

Organization, p. 362–374, 2017. 

[297]E. a. S. T. A. Løken, " Labour relations in Norway," Fafo-report , Oslo, 2013. 

[298]Statsbygg, "Annual report 2019," [Årsrapport 2019], Oslo, 2020. 

[299]NPRA, "Annual report 2019 [Årsrapport 2019]," Norwegian Public Roads 

Administration, Oslo, 2020. 

[300]NOKUT, " Assessment of the Engineer Education in Norway [Evaluering av 

ingeniørutdanningen i Norge]," NOKUT, Oslo, 2008. 

[301]H. T. e. a. Holm, "Lean Methodology in design and construction – experiences from the 

project.," Ad Notam Forlag, Oslo, 2019. 

[302]V. e. a. Knotten, " Integrated methodology for design management – a research project 

to improve design management for the AEC industry in Norway," in Proceedings from the 

annual conference of the International Group for Lean Construction (IGLC), Oslo, 2014. 

[303]M. a. H. D. Feldman, "Making sense of stories: a rhetorical approach to narrative 

analysis," Journal of public administration research and theory, vol. 14, no. 2, p. 147–170, 

2004. 

[304]A. Brown, "A narrative approach to collective identities," Journal of management 

studies, vol. 43, no. 4, p. 731–753, 2006. 

[305]C. A. M. a. T. M. Squire, Introduction: what is narrative research. In: M. Andrews, C. 

Squire and M. Tamboukou, eds. Doing Narrative Research, London: Sage publishing, 2013. 

[306]J. Popay, "Guidance on the conduct of narrative synthesis in systematic reviews," ESRC 

Methods Programme. University of Lancaster, Lancaster, 2006. 

[307]O. T. B. A. S. A. L. B. T. B. F. D. A. E. R. F. H. T. H. L. K. H. B. T. K. O. J. K. V. K. 

K. H. K. N. O. E. Jardar Lohne, "The emergence of lean construction in the Norwegian AEC 

industry," Construction Management and Economics, vol. 40, no. 7-8, pp. 585-597, 2022. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 November 2022                   doi:10.20944/preprints202211.0517.v1

https://doi.org/10.20944/preprints202211.0517.v1


[308]The Explorer, "Norway is greening the construction industry," Business Norway, 12 

January 2021. [Online]. Available: https://www.theexplorer.no/stories/architecture-and-

construction/norway-is-greening-the-construction-industry/. [Accessed 19 July 2022]. 

[309]Research and Markets, "South African Construction Industry Trends: Building Plans 

Passed and Buildings Completed," globe news wire, 10 January 2022. [Online]. Available: 

https://www.globenewswire.com/en/news-release/2022/01/10/2363840/28124/en/South-

African-Construction-Industry-Trends-Building-Plans-Passed-and-Buildings-

Completed.html. [Accessed 18 July 2022]. 

[310]L. Wood, "Key Trends and Opportunities in the South African Construction Industry to 

2025: Rebound Forecast for 2022 - ResearchAndMarkets.com," Research And Markets, 21 

February 2022. [Online]. Available: 

https://www.businesswire.com/news/home/20220221005249/en/Key-Trends-and-

Opportunities-in-the-South-African-Construction-Industry-to-2025-Rebound-Forecast-for-

2022---

ResearchAndMarkets.com#:~:text=The%20construction%20industry%20in%20South,during

%20the%20e. [Accessed 19 July 2022]. 

[311]S. Bhadare, "South Africa set for construction sector revival?," African Law & 

Business, 27 August 2021. [Online]. Available: https://iclg.com/alb/17074-south-africa-set-

for-construction-sector-revival. [Accessed 19 July 2022]. 

[312]J. M. a. M. M. Michael Chui, "What AI can and can’t do (yet) for your business," 

Mckinsey, San Francisco office, 2018. 

[313]R. S. S. E. C. J. W. K. U. Ajay Chander, "Working with Beliefs: AI Transparency in the 

Enterprise," International Journal of Research in Engineering, Science and Management, vol. 

1, no. 9, p. 4, 2018. 

[314]N. T. S. Deborah L. Duarte, Mastering Virtual Teams: Strategies, Tools, and Tech- 

niques That Succeed. English., 3 ed., San Francisco: Jossey-Bass, 2006. 

[315]T. E. Julsrud, Organisatorisk tillit [Organizational trust], Bergen: Fagbokforlaget, 2018. 

[316]S. M. H. Remon Fayek Aziz *, "Applying lean thinking in construction and 

performance," Alexandria Engineering Journal, vol. 52, no. 4, p. 679–695, 2013 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 November 2022                   doi:10.20944/preprints202211.0517.v1

https://www.theexplorer.no/stories/architecture-and-construction/norway-is-greening-the-construction-industry/
https://www.theexplorer.no/stories/architecture-and-construction/norway-is-greening-the-construction-industry/
https://www.globenewswire.com/en/news-release/2022/01/10/2363840/28124/en/South-African-Construction-Industry-Trends-Building-Plans-Passed-and-Buildings-Completed.html
https://www.globenewswire.com/en/news-release/2022/01/10/2363840/28124/en/South-African-Construction-Industry-Trends-Building-Plans-Passed-and-Buildings-Completed.html
https://www.globenewswire.com/en/news-release/2022/01/10/2363840/28124/en/South-African-Construction-Industry-Trends-Building-Plans-Passed-and-Buildings-Completed.html
https://www.businesswire.com/news/home/20220221005249/en/Key-Trends-and-Opportunities-in-the-South-African-Construction-Industry-to-2025-Rebound-Forecast-for-2022---ResearchAndMarkets.com
https://www.businesswire.com/news/home/20220221005249/en/Key-Trends-and-Opportunities-in-the-South-African-Construction-Industry-to-2025-Rebound-Forecast-for-2022---ResearchAndMarkets.com
https://www.businesswire.com/news/home/20220221005249/en/Key-Trends-and-Opportunities-in-the-South-African-Construction-Industry-to-2025-Rebound-Forecast-for-2022---ResearchAndMarkets.com
https://www.businesswire.com/news/home/20220221005249/en/Key-Trends-and-Opportunities-in-the-South-African-Construction-Industry-to-2025-Rebound-Forecast-for-2022---ResearchAndMarkets.com
https://www.businesswire.com/news/home/20220221005249/en/Key-Trends-and-Opportunities-in-the-South-African-Construction-Industry-to-2025-Rebound-Forecast-for-2022---ResearchAndMarkets.com
https://iclg.com/alb/17074-south-africa-set-for-construction-sector-revival
https://iclg.com/alb/17074-south-africa-set-for-construction-sector-revival
https://doi.org/10.20944/preprints202211.0517.v1

