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The construction industry is notorious for its conservatism and low levels of productivity. 

During the previous decade, this industry lagged behind other efficient and profitable 

industries, such as the automobile industry, and was slow to adopt its best practices. The 

rate of development in this industry is not very encouraging. This research aims to adopt 

best practices and efficient systems from other industries into the construction industry. 

This research aims to create a model for a case study of Iranian construction companies 

to achieve the objective of a productive construction industry. 

In this study, several important Iranian construction companies that mostly operate as 

contractors were chosen for the case study. The author prepared the semi-structured 

interview to collect empirical data. The interview topic and questions were derived from 

a survey of the relevant research literature to determine the main elements of the industrial 

operation model (IOM). Following the interview, the data was evaluated to illustrate the 

existing status of Iranian construction companies, and then a model was developed for 

IOM. 

The data indicate that Iranian construction companies are well behind other industries, 

such as automotive, in terms of industrial operation model and productivity. The research 

reveals the limited product lifecycle engagement, simple portfolio management, limited 

data strategy, lack of advanced visualization, and marketing and sales processes. This 

study employs empirical data to establish a methodology for Iranian construction 

companies to maximize their IOM benefits. In the created model, construction companies 

are present throughout the product lifecycle, from the feasibility study through the sale, 

marketing, and operation stage. According to this model, organizations could profit from 

improved alliance contracts, more income from more work, effective data strategy and 
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knowledge management, and enhanced production processes. To accomplish this, they 

must reorganize their business operations and place greater emphasis on portfolio 

management, data strategy, and marketing and sales processes, resulting in enhanced 

productization. 

Keywords: Data management -Iranian Construction industry -productization- business 

model- portfolio management 
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provided by my professor Haapasalo, who chose and suggested this topic based on my 

expertise and interest. The opportunity was so impressive and amazing that every 

company I interviewed was astonished by the questionnaire, the questions, and the topic. 

Unquestionably, data and data management are an integral part of every business process, 

and after the Covid pandemic in 2020, the role of virtualization and clouding will become 

more daring. The unique situation of Iran makes this research more valuable and 

interesting, and it will teach us a great lesson and be a valuable experience for future 

research, serving as a cornerstone and a pillar for the next levels of management, work, 

and engineering in a challenging situation that is exacerbated by the global pandemic. 

This study was conducted between 2021 and 2022, when Iran was subject to severe 

international sanctions and had minimal international interaction. 

Here is where I would like to thank my dear professor for assisting me with his voice, 

knowledge, and great expertise, as well as doctor Solmaz Mansouri for assisting me and 

providing me with the knowledge that paved the way for writing this thesis and 

conducting further research, as well as for bringing me peace and confidence. 

Oulu, 08.12.2022 

Mohammad Hossein Fatemi  



 

 4 

TABLE OF CONTENTS  

 

ABSTRACT 
FOREWORDS 

TABLE OF CONTENTS 
LIST OF ABBREVIATIONS 

1 Introduction .................................................................................................................... 7 
1.1 Study background ................................................................................................... 7 

1.2 Research objectives ............................................................................................... 10 
1.3 Research process ................................................................................................... 11 

2 Literature review .......................................................................................................... 12 
2.1 Data management ................................................................................................. 12 

2.2 Product .................................................................................................................. 14 
2.3 Business process ................................................................................................... 17 

2.4 Business model ..................................................................................................... 19 
2.5 Toyota production, the efficiency of the industry, and IOM ................................ 22 

2.6 Synthesis, the aim of IOM .................................................................................... 25 
3 Empirical study ............................................................................................................ 28 
3.1 Overview of the research methods ........................................................................ 28 

3.2 Typology of the case companies ........................................................................... 30 
3.3 Business-level data in companies ......................................................................... 33 

3.4 Product portfolio processes of the companies ...................................................... 37 
3.5 Creation, storing, and use of data ......................................................................... 43 

3.6 Product and process modeling .............................................................................. 54 
3.7 Virtual production and process data ..................................................................... 57 

3.8 Analysis of the data ............................................................................................... 60 
3.9 The current stage of the Iranian construction company ........................................ 64 

4 The development model for Iranian construction companies toward IOM ................. 66 
5 Discussion and conclusion ........................................................................................... 72 

5.1 Main contribution ................................................................................................. 72 
5.2 Validity and reliability .......................................................................................... 73 

5.3 Limitations and future research ............................................................................ 76 
References ....................................................................................................................... 78 

APPENDICES ................................................................................................................ 90 
  



 

 5 

LIST OF ABBREVIATIONS 

IOM Industrial Operation Model 

PDM  Product Data Management  

PPM Product Portfolio Management 

PLM          Product life cycle management 

NPD          New product development 

ICI             Iranian Construction industry 

ERP           Enterprise resource planning 

TBP           Toyota Business Practices  

TPS           Toyota production system  

TBS           Total business system 

EPC           Engineering, Procurement, and Construction 

JIT             Just in time 

HDD         Hard disk drive 

CRM         Customer relationship management 

CAD          Computer-aided design 

BIM           Building information modeling 

EDMS       Electronic document management system  

SQL           Structured Query Language 

SWOT       Strengths, Weaknesses, Opportunities, and Threats 

PDCA        Plan-do-check-act cycle 

WBS         Work breakdown structure 

CEO          Chief executive officer  

IT               Information technology 

IMS           Integrated management system 

HSE           Health, safety, and environment 

PMBOK    Project management body of knowledge 

ISO            International organization for standardization 

QC             Quality control 

QA             Quality assurance 

DCC          Digital curation center 

DIKW        Data, Information, Knowledge, and Wisdom 

DFD          Data-flow Diagram 

NFT           Non-fungible token 



 

 6 

AI              Artificial intelligence 

OS             Operating system 

PMIS         Project management information system 

LPS            Lean production system 

BOM          Bills of material 

 



 

 7 

1 INTRODUCTION 

1.1 Study background 

Construction industry productivity is universally acknowledged to be low and needs 

improvement (Fulford and Standing 2014). The industry has, however, demonstrated 

slow but constant growth, much like many other businesses, but this growth rate is not 

comparable to that of the top industries (Pekuri, Haapasalo, and Herrala 2011). A 

thorough relationship exists between the characteristics and growth of the industry and 

the accomplishment of innovation and development activities, as well as their drivers and 

impediments for the development activities (Malerba 2004; Pavitt 1984). However, the 

construction industry is notorious for being sluggish in adopting new procedures and 

technology in most nations (Wandahl et al. 2011). 

The four key areas on which the construction sector must refocus are data, automation, 

communication, and digitalization. (KOF 2017). It is crucial to understand how distinct 

the construction sector is from other industrial sectors, such as manufacturing, and how 

difficult it is to increase efficiency in this sector. Technology best practices in the 

construction sector promote digitization and web packaging techniques, enabling 

employees to use gadgets on the job to record problems while sending them to the office 

(Baumanns et al. 2016).  

Transformation of the construction businesses must include the development of digital 

technology and procedures. With the appropriate tool for construction employees, 

efficiency and production onsite can be increased. Digitalization helps to improve the 

construction business (Barbosa et al. 2017). In this industry, documentation is extremely 

important for streamlining operations and updating crucial data on the job site. The 

manager or supervisor of the project is able to examine, modify, and ensure that whole 

relevant latest data are updated prior to the personnel going off the job site. Architects 

and engineers capture data in online without any difficulty or departing the work site. 

(Riddell 2017). 

Building companies don't handle their data well despite digitalization attempts. This 

industry's lack of productivity increase has been known for decades, but no one has had 

a solution (Harkonen et al. 2019). The term "industrialized construction" (IC) refers to a 
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method of building that relies heavily on improved manufacturing methods, automation, 

and cutting-edge processes; in IC, large sections of a project are planned to be built in a 

factory and then transported to the construction site for assembly (Goodier and Gibb 

2007). To address the problems with the conventional method of building, integrated 

approaches are sought, such as IC, which incorporates supply chain arrangements and 

digital technology (Farmer 2016). 

By enhancing processes based on the Just-In-Time (JIM) approach and automation, the 

Toyota Production System (TPS), often referred to as the Lean Production System (LPS), 

was developed by the Toyota Motor Corporation in Japan with the goal of reducing waste 

and costs. Using the principles of eliminating waste and constantly bettering a process is 

a powerful tool for increasing productivity. TPS was initially used in the supervision of 

production processes before being expanded to other fields. (Liston et al. 2017) and 

(Radhakrishnan et al. 2019) 

This ultimately results in organizational learning, which gives the company a competitive 

edge. With TPS, highly skilled personnel come first and are the key to identifying and 

resolving Toyota's production inefficiencies. Constant development Become a learning 

organization by continuously analyzing and improving standard internal procedures and 

rewarding personnel who identify faults, mistakes, and inefficiencies or who bring forth 

superior practices. Efficiency can take the shape of time or money savings, a shorter 

length of stay for patients recovering from difficulties, better user experience, more 

advanced technology, or shorter wait times, to mention a few. One possible cause of 

inefficiency in the construction industry is the fact that all building operations take place 

on-site. (Eastman and Sacks 2008)  

Industrial optimization of on-site operations is probably not attainable in the same manner 

that off-site construction or considering pre-manufacturing or modular production of 

structures in place other than construction sites are. Consequently, the cost of construction 

rises as well as the materials costs remain high. Construction may become more like a 

manufacturing industry as a result of industrialization, growth in off-site operations, 

adoption of efficiency-boosting innovations in both process and product technology as 

well as the use of automation (Linner and Bock 2012). However, the product structure 

concept is seldom applied in the construction sector to gather a controllable base for the 

construction firm (Harkonen et al. 2018). The efficiency of the firm is a concern with 
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investment optimization, and businesses are increasingly applying portfolio management 

concepts to all initiatives, including those using IT. So, the major goal of IT portfolio 

management is to balance the portfolio's project characteristics. (Kumar et al. 2008).  

Construction has come a long way in the last two decades, thanks to the proliferation of 

digital tools and technology for project planning and development.  The possibility of 

using building information modeling to evaluate a project's viability before it is built has 

encouraged businesses to invest in big data and related technologies (Wang et al. 2018; 

Bilal et al. 2016). Their information needs are just beginning to emerge as a priority, but 

so far, most spending has been directed toward ongoing operations and maintenance. In 

the construction sector, data models are mostly used for certain phases. The lifecycle 

strategy has gotten little attention. (Love et al. 2008) 

There are different phases to construction projects, each with specific data requirements. 

Versatile stakeholders and suppliers employ various systems where it is possible to lose 

information or damage data (Bryde et al. 2013). Data and data management offer 

important opportunities to boost productivity in infrastructure projects. One obvious area 

for development is to prevent data fragmentation and sub-optimization. Naturally, data 

and digitization must be servants rather than masters. They can massively boost 

efficiency, but the integrated project model should still be optimized. (?) 

According to Shen et al. (2010), In the construction industry, a lack of an adequate data 

management system frequently results in incorrect data processing and decisions. The 

management of products, product-related data, and product structure is known as "product 

data management." As a collection of products, a portfolio might be useful data to have 

in a PDM system. 

The product (constructed item) is obviously where the business processes of construction 

enterprises begin. It is the item that must be planned, constructed, used, and maintained. 

Other technological advancements have transformed the construction industry and 

contributed to the production of usable big data, including digital twins, lidar scanning 

and advanced wearable technology, and smart gadgets integrated into tools like safety 

helmets or shoes. (Munawar et al. 2022). 
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Along with business data and master data associated with construction objects, this entire 

must be taken into account. All these things taken together might serve as necessary 

building blocks for developing a data model utilized for the construction with the whole 

digitalization of its industry. In order to address master data and data linked to business 

processes in the substance of business processes, enterprise applications can also be 

utilized in productization as a sample building object-related data management. 

(Harkonen et al. 2019) 

This research focuses on the successful other industrial experiences and their systems in 

which different researchers used individual elements, or a mix of them agreed that it is 

needed. So, we gathered all the major promising systems into the industrial operation 

model (IOM). This paper shows elements of IOM in construction companies and the 

current state of Iranian Construction companies towards these elements. Finally provides 

the ultimate edition of IOM for the construction industry. 

1.2 Research objectives  

Modern building techniques, like industrialized building systems, are often used 

interchangeably, which points to a potential overuse of these terminology. Although the 

lines separating the two ideas are hazy, there are slight distinctions between them that 

need to be made clear. Industrialized building systems employ mass-produced, 

standardized building components that are brought to a construction site and put together 

to form a structure (Ayinla et al. 2019). To determine the optimal way to implement 

industrialized building projects, more study effort is needed. (Wuni et al. 2021) 

This research aims to find the developed framework for Iranian construction companies 

by using the elements of successful industry and their best practices. In works of 

literature, many have mentioned these elements' efficiency and productivity in other 

areas. We considered this research in line with Harkonen's research in recent like 

Harkonen 2019, 2020, and 2022 and used the results of Annunen and Haapasalo about 

IOM in construction as a backbone for this research to follow it internationally in the 

different market areas. Because we realized this issue is weaker compared to the current 

systems that have entered the construction industry and received less attention from 

researchers. As new ideas in this industry are slow to implement compared to other 

booming industries, efficiency and integration are late entrants. As a result, the 
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construction industry continues to lag behind the manufacturing industry. We considered 

incorporating a new and trendy topic to get at the ideal model. Recently, academics have 

been working on implementing successful systems in the construction industry. As 

follow, we also want to develop a model for it in a creative and efficient approach in the 

Iranian construction industry. The systems and methods suggested by the literature 

improved their usage in other industries.  

The study's research questions (RQ) are as follows:  

• Research question 1: what are the elements of IOM in the Construction industry?  

• Research question 2: what is the current situation of Iranian construction 

companies according to elements of IOM? 

• Research question 3: what is the developed model of IOM for Iranian 

construction companies? 

We will answer the first research question through a literature review about the elements 

of successful industries like automotive, which would be effective in construction 

companies, in chapter 2. The answer to research question 1 provide the backbone of 

interview questions about elements of the industrial operation model for Iranian 

construction companies. The discussion synthesis will be research question 2 in chapter 

3. in chapter 4, after analyzing the interview, we will answer research question 3. 

1.3 Research process 

This study employs an inductive research methodology to achieve the research objectives 

and provide answers. The inductive technique starts with observation of the subject being 

studied to gain a more excellent grasp of it and draw conclusions from it (Wilson 2010). 

As a research methodology, this study employs a qualitative reasoning technique. Since 

both qualitative research and inductive investigations offer an understanding that enables 

the creation of theoretical frameworks, they are typically connected and have many 

similarities (Wilson 2010). The framework for acquiring and interpreting data is a 

multiple case study. To focus on questions, data is gathered through semi-structured 

interviews with case organization representatives (Rocco 2003; Mason 2004). Based on 

the information gleaned from the literature studies, the interview questionnaire (Appendix 

1) was created (Mason 2004).  
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2 LITERATURE REVIEW 

There has been a relatively slight improvement in productivity in the construction sector, 

which is highly fragmented and complicated (Boton et al. 2016). A lack of clarity in 

specifications, a lack of consistency, and unpredictable external conditions make the 

industry fundamentally a tenuously linked system, making it difficult to build components 

and systems that are adapted to the conditions at individual locations (Dubois and Gadde  

2002, p. 622). As a result, many construction companies avoid fostering a culture of 

cooperation by working independently (Neff et al. 2010; Oraee et al. 2019).  

So, it shouldn't come as a shock that the construction business is more than five years 

behind the technological curve (Ullah et al. 2018), given the rapid pace of innovation and 

disruption in the IT sector. The practical difficulties stem from the long lifespans of 

construction objects and the varying requirements they generate. Each stage—from 

planning to building to operation its own set of requirements. Offering digitally stored 

details of the building process is one way to facilitate the management of data about the 

lifecycle of physical construction objects (Jiao et al. 2013; Cerovsek 2011). 

2.1 Data management 

In comparison with other industries, construction is hinter when it comes to data 

management. There is no system in place to properly manage the data. There are, in fact, 

fragmented documentations, each of which is administered differently. As there is no data 

model in place, the data are not being used as a resource to boost output. Those that are 

significantly larger in the building industry will also be affected by this. On the other 

hand, throughout the project's life cycle, all relevant data must be accessible, accurate, 

and centralized in a single, easily accessible location. Having standard definitions for data 

and data processes is the first step in this approach. (Harkonen et al. 2019) 

To make informed choices throughout the many phases of the construction lifecycle, 

several sources of information from both internal and external sources are obtained as 

part of construction projects. These sources of information are then analyzed, evaluated, 

and scrutinized. The construction sector has significant challenges with data management 

because of its complicated organizational structure and the wide range of projects it 

undertakes, from infrastructure to material handling. The industry uses a variety of 
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document management systems to organize and process data due to the large volume of 

data in various formats. This is mostly because choices involving architecture, 

engineering, and construction (AEC) depend solely on the data that the involved 

protagonists have access to, and therefore inaccurate data delivery might have detrimental 

financial effects on the whole project. (Padma et al. 2013) 

Data silos, according to Halttula and Haapasalo (2020), are partly a result of the fact that 

current contact models do not enable attempts to pursue life cycle data management, 

despite what theory suggests (every Excel is equally incorrect and out-of-date). 

Relationship agreement models and life-cycle contracts are a component that is enabling 

integration and cooperation in data issues without creating technical obstacles that restrict 

the flow of data. Various national rules are pushing for an integrated flow of data. Perhaps 

the only realistic option is to adopt the United Kingdom approach, which stipulates that 

customers need prepared data models for the usage and care stage. Because consumers 

eventually pay for the data waste and other waste produced by less productive procedures, 

the existing system is not ideal overall. The alternative is for businesses in the building 

or infrastructure sectors to redesign their business models and procedures in order to take 

advantage of better data management see e.g. (Aapaoja et al. 2013; Pekuri et al. 2013) 

Data assets could be able to provide clients new value or at the very least significant cost 

reduction.   

In the previous 40 years, construction productivity has stagnated, whereas in other 

industries it has improved by 200%. (Eastman et al. 2011; Pekuri et al. 2011). 

Digitalization and ICT have helped this advancement. Construction has 10% value-added 

time, whereas manufacturing has 62%. (Eastman et al. 2011). Digitalization is 

transforming industries. Construction was the least digitalized of the 15 investigated 

trades (Friedrich et al. 2013) Digitalization in construction includes BIM, mobility, cloud 

technology, big data, 3D printing, IoT, robots, and SaaS solutions. CAD (Computer-aided 

design) and BIM (Building information modeling) are increasingly associated with the 

construction industry (Munawar et al. 2022). Three-dimensional modeling of buildings 

and construction infrastructures generates digital files that may be saved in many forms 

(Qadir et al. 2021). 

Product data has been crucial to the technological sector, but it hasn't been well-

acknowledged in the construction industry. Product data management (PDM) is now one 
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of the key components of business efficiency principles in manufacturing businesses. 

Different types of data are required at different stages of the product lifecycle, and all data 

must be handled to provide accurate information to a variety of stakeholders as necessary 

(Rachuri et al. 2008). This has been categorized as master data by Silvola et al. (2011). 

All in all, Information systems and data in the construction business do not generate a 

continuous cycle of planning, design, building, maintenance, and renewal 

(Ghaffarianhoseini et al. 2017; Haapasalo  2018)  

As more data is generated by building projects, it becomes increasingly important to 

analyze and organize this information (Munawar et al. 2022). Throughout the product's 

life cycle, engineering data management is responsible for storing data and making it 

easily accessible to users by following a set of established principles. As a potential 

answer to problems with data management, the concept of utilizing shared data models 

for building projects developed as an option (Bjork 1989). According to Teisserenc and 

Sepasgozar (2021), smart legal contracts, data ownership, digital identities, transparency, 

obligations, data enrichment, intellectual asets, policies enforcement, and regulatory 

compliance are crucial components of the contract terms and legal structure of 

construction industry. 

2.2 Product  

Data organization relies heavily on product structure (Boton et al. 2016). Product 

structure describes the breakdown of a product of any sort, whether it be physical, service-

related, technological, or a mix of these (Tolonen et al. 2014; Harkonen et al. 2017, 2018). 

The framework also manages bills-of-materials (BOM) and different product 

configurations, including versioning capability and connecting elements (Eynard et al. 

2004). An enterprise application called a product data management (PDM) system may 

be used to manage the product structure, which is often the technical side (CIMdata, 

2001). In construction business companies, there is a lack of widespread understanding 

of the importance of the commercial structure (Munawar et al. 2022).  

Product Structure (PS) is a hierarchical depiction of a product that offers the framework 

for connecting to product information and the foundation metadata, providing a central 

element for conveying critical information across joint companies (Boton et al. 2018; 

Liang et al. 2010); it allows platform-based manufacturing and promotes stakeholder 
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participation and collaboration from product creation to marketing (Gunzenhauser and 

Bongulielmi 2007). By using a common logic, the product structure enables the 

productization of many kinds of goods (Lahtinen et al. 2021). Since BIM does not yet 

offer system integration, PS will enable consistent data management, interactions, data 

trust, and these other features. (Mansoori et al. 2022) 

Recommending modularization via conceptualizing buildings as products, as well as a 

central information repository as a multidisciplinary cooperation platform (Ding and 

Kohli 2021; Hamidavi et al. 2020; Ng et al. 2020). Massive possibilities for market 

knowledge, prospective market discovery, improved competition awareness, and wider 

insights to guide marketing strategy are made possible by marketing data and 

sophisticated marketing analysis (Quinn  et al. 2016). 

As a data management tool for the manufacturing sector, which is primarily focused on 

products, PDM systems were created. The industrial sector has greatly benefited from 

PDM systems' capacity to expand its functionality significantly above that of a data 

management system. For academics, the application of PDM systems in the construction 

sector is a fascinating topic. Due to the fundamental differences in how the two mentioned 

sectors operate, PDM systems must now be used differently for building projects. It is 

essential that the business idea and the data model be properly defined and connected to 

be supported by business IT since the data model is a virtual equivalent of the fact that is 

mirrors the business framework and needs. (Borrmann et al. 2009) 

The manufacturing sector has long struggled with data management; therefore, product 

data management systems were created to solve this problem. With a focus on design 

guidelines, it is necessary to identify the fundamental ideas, difficulties, and advantages 

of using PDM systems for construction projects. A framework for unifying construction 

processes, that are fundamentally interdisciplinary in nature, is a PDM system. This 

includes selecting the essential specifications and features of the PDM system for the 

construction sector (Suresh Padma 2013). Teams engaged in marketing, sales, product 

management, and customer services are in the commercial part while Suppliers, 

manufacturers, and those involved in creating, developing, testing, acquiring, and 

distributing the product are experts in the technical details (Tolonen et al. 2014) 

Marketing and sales professionals are more familiar with the commercial side of the 

product structure, which describes the product or service as seen by the company's target 
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audience (Hannila et al. 2019). Virtual models created by computers may be quickly 

manipulated and altered because of the large amounts of data that can be stored in their 

internal memory. Additionally, the information included within these digital models may 

be exported to a different format to facilitate the creation of quick prototypes of any 

conceivable shape without the need for manual labor. Because of what these computers 

can do, the whole design and manufacturing process can be virtualized. This makes 

material concerns less important and speeds up the whole process. (Hannila et al. 2019) 

Figure 1.   Product portfolio management (adopted from Tolonen et al. 2014) 
 

In order to provide support for a product over the lifecycle (Figure1), physical categories 

such as design, manufacture, and service are connected with their virtual equivalents via 

the use of PMD and product-related business data (Tao et al. 2018). Due to the prevalence 

of integrated systems, data warehouses, cloud-based system designs, and the need for the 

real-time announcement, data are now considered a company-wide resource that must be 

used by all departments and employees regardless of the data's original format or storage 

location (Hannila et al. 2019). Operational business needs determine the number and kind 

of data sources that must be virtualized and reported from. Data virtualization is a term 

that has several names (Jankovic et al. 2018) include data unification (Xu et al. 2015) and 

business data integration (Lans 2012) 
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2.3 Business process 

Business processes within an organization may be traced back to product architecture, 

productization, and enterprise applications. The purpose of conventional business 

processes is to specify the steps involved in creating, selling, marketing, supplying, 

producing, ordering, transporting, billing for, installing, maintaining, and repairing a 

product.  Integrating a company's operations and business processes is intrinsically tied 

to the data, or information, about the product itself. The organization's knowledge is 

linked via data production, development, management, division, and dissemination. 

(Sääksvuori and Immonen 2008) (Tolonen et al. 2015)  

Companies use specialized programs to handle product master data since the quantities 

of data are so large (Kropsu-Vehkaperä and Haapasalo 2011). These applications are then 

used throughout the life cycle of the production (Silvola et al. 2019). data is considered 

as a strategic asset by Aiken and Billings (2013). Master data are key business data that 

pertain to a company's dealings and analytical activities, and they are defined as such, as 

well as being cleaned, regulated, and unified organization. The master data link corporate 

tools and business processes (Das and Mishra, 2011). Data, operations, and information 

technology programs have all been connected by Silvola et al. (2011), who have also 

stressed the significance of master data quality in relation to the extent to which humans 

can use it. Information about the final product is developed throughout the design phase 

and made available for usage by other processes of the business (Silvola et al. 2019). 

Product-related business data, in contrast, are linked to business operations involving 

information about a product's marketing and sales, supply chain, and customer support. 

Business processes and trades depend on this information (Silvola 2018). 

The Bills of material (BOM) master data could be stored in ERP or in a PDM/PLM 

platform. To effectively connect applications and business processes, all efforts must be 

directed by the product structure. If PDM/PLM is the source of master data, those records 

will be imported into the ERP system.( Harkonen et al. 2019). the successful development 

of object-related data management depends on productization and product structure, 

providing the framework required to achieve data stability. To a certain extent, technical 

aspects of product structure should be kept in the same business application as master 

data. Product Data Management (PDM) is the foundation for enterprises' digital 

operations management systems (Stark, 2005). Product lifecycle management (PLM) 
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systems handle product management in its entirety, from inception through retirement. 

Enterprise resource planning (ERP), customer relationship management (CRM), and 

computer-aided design (CAD) programs are just a few examples of additional systems 

that handle product data in addition to product lifecycle management (PLM) and product 

data management (PDM) (Loshin 2001). 

Figure 2.  The construction business process and related data (Adopted from Harkonen 
et al. 2019) 

Despite any differences, the resulting suite of programs should perform similarly to the 

one shown. A PDM/PLM system is an obvious home for a company's master data if it has 

one (Figure 2). Enterprise-wide apps get master data copies. ERP or BIM 2.0 provided 

structural and functional requirements are met, might fill the need. The master data are 

the "bond" that keeps everything running smoothly. Standards in the building industry are 

generally accepted. The business process-related master data must be defined, and contain 

sales and marketing, customer operations related tasks, supply chain, vendor, and care 

and services master data. The necessarily related parameters must be carefully considered. 

The related considerations also include the ER that the construction company must set a 

meaningful master/slave logic for the applications, that is where the master data reside. It 

would seem that there is a need for a greater understanding of master data and business 

data, as well as the function that each play in enabling successful and relevant data 

management in the construction industry. This comprehension may provide additional 

support to the consideration of the responsibilities of business processes, enterprise 

applications, and data in the construction industry to increase efficiency and allow 

successful digitalization. (Harkonen et al. 2019) 
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Master data pertaining to construction objects are compiled throughout the planning 

phase. These records are made available so that they may be utilized by other departments 

or operations inside the corporation. At each stage of the design process, master data is 

checked to make sure it satisfies the requirements of the various business processes. An 

organized product structure to back up data management is dependent on the offering 

being productized economically and technically. It is unusual to have a conversation on 

data management's higher-level logic in the building industry. The data, business 

processes, enterprise systems, and responsibilities relating to the construction industry 

should all be considered in this reasoning. (Harkonen et al. 2019) 

A company's portfolio is a visual representation of its most prized possessions and, by its 

very existence, a reflection of the company's strategic goals and also a representation of 

its intended and actual financial investments. The portfolio serves as a tool for setting 

priorities, selecting investments, and distributing available means. The portfolio may be 

seen as a representation of the priorities and tasks that will be prioritized inside the 

organization. A company's portfolio is an accurate indicator of its goals, strategies, and 

developments. (Project Management Institute 2008) 

If a business uses product portfolio management, it can better oversee its products as 

assets. When items are sorted into a manageable number of portfolios, upper management 

can keep tabs on everything going on. Better strategic fit, value, and balance may be 

achieved in a portfolio if its lifespan is managed. According to Antii Parviainen (2014). 

According to Cooper et al. (1997), effective product portfolio management emphasizes 

aligning the portfolio with the company's strategy, increasing the portfolio's overall value, 

and striking a good balance between different product development efforts. 

2.4 Business model 

A business activity known as product lifecycle management (PLM) oversees a product 

from the time an idea is conceived all the way through the product's retirement and 

obsolescence. When it comes to managing a company's product portfolio, the PLM 

method considers both the product and the portfolio perspectives. It's important to note 

that PLM is present throughout the whole product lifecycle, from inception through peak 

performance to discontinuation. The purpose of product lifecycle management (PLM) is 

to raise the value of present and future products for all partners, primarily customers, by 
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increasing the value of the product portfolio, increasing single-product revenues, and 

reducing cost. (Stark 2011)  

A business model can be defined as a tool that helps to figure out how a firm does business 

and uses it for comparison, analysis, management, productivity measurement, and 

innovation and development (Osterwalder and Pigneur 2005). The viability of a company 

depends in large part on its business strategy. A successful business model helps a 

corporation maintain its market dominance by giving it a leg up on the competition 

(Pekuri et al. 2014). The prosperity of a business often hinges on its business strategy. 

The success of a business model depends heavily on the leadership team, who will 

determine the model's realization via their own acquisition, capability, and resource 

usage (Beltramello et al. 2013). 

The concept of the business model had established its usefulness and applicability in 

several sectors, ranging from the flight industry (transportation) to the music production 

section (entertainment), as described by Chesbrough (2010) and Morris et al. (2005). As 

a result of this diverse setup, several definitions of the business model have been 

developed and presented from a variety of perspectives, including those of technology, 

strategy, and enterprise business (Chesbrough and Rosenbloom 2002). Successful 

business models are characterized by product offerings that are in sync with the demands 

and requirements of their target market, as well as using cost-effective and risk-mitigating 

strategies (Teece 2010). 

While few businesses in the technology industry have been able to achieve sustained 

success, we may look to Dell company as an example of a strategy that works (best 

practice example) Dell's use of this business model framework allowed the firm to 

provide substantial change to the computer industry, propelling it to the forefront of its 

field as a pioneer in 2001. But in light of its present standing in the market, it serves as a 

cautionary example of how fleeting and vulnerable business models are and how essential 

to endure constant change in order to survive and prosper. (Capgemini Consulting 2011) 

On the other side, digitalization boosts productivity in the construction industry overall, 

which in turn improves productivity throughout the industry's supply chain by 

capitalizing on new technological developments. References: (Baumanns et al. 2016; 

Barbosa et al. 2017). 
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The term "multidimensionality" is used to describe the reality that effective company 

management involves considering a wide range of internal and external elements at the 

corporate, divisional, product-line, and group levels. Managing a portfolio of offerings 

requires considering each product at every stage of its lifespan. That includes things like 

potential and ideas, as well as works in progress and finished goods. Methodologies for 

deciding decisions in an ideal circumstance, as described by Haines (2009), a corporation 

may make the most optimal strategic and financial choices across its whole product range, 

despite having limited resources to work with. 

Product lifecycle management (PLM) is a business strategy that employs a unified suite 

of technologies to facilitate the coordinated development, release, and usage of product 

description data. PLM is aiding the extended enterprise by integrating people, processes, 

business systems, and information from customers to suppliers. The key aspect of PLM 

is its ability to cover everything from the inception of an idea to the final disposal of a 

product. (CIMdata 2014) 

The lifecycle model provides a solid foundation for product portfolio management 

because of its utility in establishing the right equilibrium between different product lines. 

If a business is serious about maintaining a well-rounded portfolio, it must have items at 

every step of the product lifecycle, and those products should be distributed evenly 

throughout the stages. (Saaksvuori and Immonen 2008) One of the advantages is the 

capacity to actively analyze profits while also managing a portfolio of building items 

across their entire useful lifetimes. (Harkonen 2019) 

Although digital marketing and social media have broad applicability, it seems to have 

an especially large multiplier impact on small and medium-sized businesses in the 

construction industry. Companies one, the internet and social media help save money by 

augmenting media buys, allowing for exposure to a larger, more specific audience. 

(Paswan 2018) 

The two most significant findings were (1) the rapid pace of change necessitated the 

adoption of digital and social media marketing strategies in order to keep up with the 

competition, and (2) the increasing intensity of competition necessitated the development 

and implementation of traditional marketing strategies. It's important for company owners 

to have more up-to-date data on the results of their marketing efforts and the 

demographics of those who respond to them. These business owners were able to better 



 

 22 

meet the needs of their customers and generate revenue for their companies via the usage 

of digital and social media marketing strategies. (Malesev and Cherry) (2021) 

2.5 Toyota production, the efficiency of the industry, and IOM  

Inspired by Deming and Shewhart's PDCA (Plan-Do-Check-Act) cycle, Toyota Business 

Practices (TBP) is a strategy used for CI on the factory floor (Liker and Franz, 2011). 

Rother developed the concept of Toyota Kata based on the TBS (Total business system) 

and the four key assumptions of learning by Liker and Meier (2006), which are as follows: 

(1) people learn over time in small steps; (2) knowledge should be transmitted and shared 

by a coach; (3) Practicing the operation as you go along is the best way to learn how to 

do it correctly.; and (4) The goal should standardize the perpetual PDCA cycles and 

include them into the process. (Rother 2015; El Masri et al. 2022). 

According to Liker (2004), Toyota researched this approach and discovered that 

adaptability was crucial, i.e., working with shorter timeframes with a flexible line of 

production resulted in better quality, more customer input, a better standard of living, and 

more efficiency. That's all there is to it! This results in more efficient use of space. 

Throughout the 1940s and 1950s, Toyota worked to reduce waste throughout the 

manufacturing process, from the procurement of raw materials through the distribution 

of finished goods. As a matter of fact, TPS has offered Toyota remarkable results in terms 

of the efficiency and sustainability of the company thanks to Toyota's management 

approaches, in which it supported the growth of a culture dedicated to constant 

improvement via the active participation of all employees. - (Muhammad and Khan 

2022). Establishing a continuous flow necessitates combining previously separate 

processes; consequently, teamwork ensues whenever such processes are grouped, quality 

feedback increases, the manufacturing process is regulated, and the individuals 

responsible for resolving issues are alerted immediately (Liker 2004). 

TPS concepts have helped firms across sectors boost output. Influences on the industry, 

medicine, and building follow. TPS concepts have had a favorable influence on all 

industrial sectors. A sensor manufacturer used TPS to cut lead time by 46%, work-in-

process inventory by 83%, completed inventory by 91%, overtime by 50%, and aggregate 

productivity by 81%. (Liker 2004). TPS increased aerospace manufacturing capacity by 

20%. (Crute et al. 2003). Lean principles raised earnings by 63.4%, productivity by 
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47.4%, labor costs by 11.3%, and lead time by 50% in tile production (Lander and Liker, 

2007). TPS has improved patient experience and medical performance in the health 

industry. TPS-designed operating rooms saved patient time and increased surgeries by 

11%. (Castaldi et al. 2016). Lean principles reduced patient travel by 25%, staff travel by 

27%, and care procedural steps by 35%. (Hicks et al. 2015). Compared to comparable 

programs in the area, a cardiac surgery program reduced mortality by 61% and significant 

complications by 57%. (Culig et al. 2011). Each cardiac bypass treatment saved $3,497. 

Additionally, cutting-edge technologies have been piloted to give transparency and 

instantaneous job progress updates. Therefore, cutting-edge sensing, processing, and 

information technologies have been used to offer granular data on construction activity 

(e.g. steel or concrete teams) in real- or near-real-time to enable instantaneous remedial 

measures from managers and employees when deviations arise. Whenever there were 

large discrepancies between actual and intended flows, managerial involvement reversed 

the planned flow rate or was very near to it. The original deviations surfaced again, 

necessitating more adjustments. Furthermore, pilot participants stressed the need to use 

automation in the course of field data gathering and providing automated reasoning and 

alarm systems to back up information extraction and analysis. (Abbaszadegan and Grau, 

2015) 

The engineering and construction sector have similar difficulties to those encountered by 

other sectors when it comes to the use of similar technologies. Due to the rapid pace of 

technological advancement, new trends are frequently adopted and discussed far before 

the market is able to fully absorb them and reap their benefits. AutoCAD, BIM, ERP, 

cloud solutions, analytics, drones, and handheld technologies are just some of the 

advances that have helped to revolutionize the engineering and construction sector. 

Modular construction, digitization, 3D printing, virtual reality (VR), drone robots, 

sensors, and most robots are utilized to enable the engineering and construction industry 

to comprehend better the industrial process in virtually real-time, making the revolution 

its version of Industry 4.0. Process and historical data are evaluated to provide context 

for choices and foresee the near and distant future of processes inside the firm, 

emphasizing business tasks. Engineering and construction are frequently lauded for their 

ability to provide unique and customized solutions, yet this specialization may also be a 

hindrance when competing with other industries. For decades of years, the market has not 

produced the same type of equipment. The new structures are designed by architects to 
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stand out in the community by using unusual elements and materials. Seeking procedure 

consistency in the business to reap the benefits of new technology and processes is the 

future of the industry. It has been shown that (Maskuriy et al. 2019) 

Annunen and Haapasalo (2022) state that the building industry makes use of numerous 

strategies and instruments (such as the "last planner," "large room," and "takt time") in 

order to streamline operations and move toward industrialization. The key elements of 

IOM are provided in figure 3. Nonetheless, this kind of progress is ad hoc and seldom 

relies on a well-thought-out plan. Without business-specific goods, it is difficult for a 

construction firm to increase productivity, which is one of the industry's primary issues. 

When businesses start to design their own product specifications, they must also define 

PDM principles, operational business processes, and a continuous improvement 

methodology. 

Figure 3.  The key elements of the industrial operation model by Annunen and 
Haapaslo (2022) 

According to the research of Pekuri et al. 2015, an organization's operational model 

reflects its capacity to provide value to customers and efficiently manage its internal 

operations. Put another way, an operating model is a detailed description of how a 

business implements its Business Model. Products and data, operations and business 

processes, and continuous improvement are the three key IOM aspects given by the 

Toyota model, according to the research of Annunen and Haapaslo (2022). As a result of 

IOM, the industry's most pressing problems may be handled systematically. Improving 

productivity in the construction industry is made possible by establishing the necessary 

circumstances and standardizing the primary IOM aspects, which in turn aids in the 
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attainment of cost, quality, and schedule-related goals in building projects. Also, 

Annunen and Haapaslo (2022) suggested different market should be investigated towards 

IOM and how four operative business processes established in these markets, processing 

like construction project lifecycle, including product development and construction 

procedures, as well as the creation and management of associated customer, supply chain, 

and maintenance processes. 

2.6 Synthesis, the aim of IOM  

The first research question of this thesis could be answered by synthesizing the literature 

review provided in table 1. The question is what the main elements of the industrial 

operation model are. According to the study, the construction industry consists of 

processes and subprocesses (Harkonen et al. 2019), owners should be determined, and 

the operating system in the organization should be advanced with connection with IT. 

Companies should be aware of their offering, knowing what is called a product in their 

business (Mansoori et al. 2022). The primary source of income and waste products must 

be discovered. In recent years, life cycle management of the product has been found to as 

an essential part of industrialization; we consider construction offerings as products 

according to (Ding and Kohli 2021; Hamidavi et al. 2020; Ng et al. 2020; Singh et al. 

2011). To be in the IOM framework, data management and related strategies like 

ownership, storing, usage, and its associated challenges should be established in the 

organization (Annunen and Haapaslo 2022). Virtualization and modeling of the products 

and business processes of companies considered by Maskuriy et al. (2019) and Hannila 

2019 are essential elements of a booming industry.   
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Table 1. Main elements of IOM according to literature 
 

Main references Main concepts Elements of 
IOM IOM sections 

(Loshin, 2001); 
(Harkonen et al. 2019); 
(Loshin, 200) (Annunen 
and Haapaslo, 2022) 
(Pekuri et al. 2015 

• Enterprise application 
suggestion 

• Use of operation 
systems and connection 
with IT in organization 

• Owner ship of all 
business process 

Main business 
process, sub-
processing, integrated 
business process and 
IT, ERP, PLM and 
PDM and business 
operation related IT  

Integrated 
business process 

(Mansoori et al. 2021); 
(Borrmann, et al. 2009); 
(Antii Parviainen, 2012) 
(CIMdata, 2014); (Liker 
,2005) (Annunen and 
Haapaslo, 2022) 

• What is the product and 
company source of 
income,  

• product structure, 
product management 

• , ownership of the 
product and definition 
requirement,  

• product life cycle 
definition and its 
benefits 

portfolio 
management, 
business model, 
productization and 
process ownership 

Product portfolio 

(Harkonen et al. 2019); 
(Padma et al. 2013); 
(Halttula and Haapasalo 
2020); (Qadir et al. 
2021); (Silvola et al. 
2011); (Bjork 1989); 
(Silvola et al., 2019); 
(Silvola et al., 2018); 
(Teisserenc and 
Sepasgozar 2021); 
(Annunen and Haapaslo, 
2022) 

• business process and 
data related  

• Data management, cost 
efficiency  

• Creating and storing of 
data 

• Master and product 
data, ownership of data  

• Data strategy and 
related challenges 

•  Business decision and 
data analyze  

Data management 
and business process-
related data 

Creation, storing 
and use of data 

(Munawar et al.2020); 
(Maskuriy et al. 2019); 
(Malesev & Cherry 
2021) (Annunen and 
Haapaslo, 2022) 

• Digitalization and 
modeling,  

• 2d and 3d and digital 
twin, using data formats 
like CAD or PDF 

• Virtual business 
modeling   

• Virtual product 
modeling  

Virtual product 
and process 
modeling 

(Maskuriy et al. 2019); 
(Tao et al., 2018); 
(Jankovic et al., 2018) 
(Hannila 2019) 
(Annunen and Haapaslo, 
2022) 

• Digital data linking to 
product model, digital 
information, and 
marketing management 

• Data related to product 
marketing management  

• Virtual product 
modeling related 
data  

• Virtual product 
data management  

Virtual product/ 
process related 

data 
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The main elements of IOM can be considered into five sections: 

1. Integration business process,  

2. Product portfolio,  

3. Data management (creating, storing, and use of data) 

4. Virtualization and modeling  

5. Product-related data marketing 
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3 EMPIRICAL STUDY 

3.1 Overview of the research methods 

An inductive research strategy was used for this investigation to accomplish these goals 

and clarify these issues. In the inductive method, first, you observe the phenomenon under 

study to learn more about it, then conclude the phenomenon based on what you've learned. 

The method of inquiry used for this study is qualitative reasoning. There is a strong 

connection between qualitative research and inductive investigations since both types of 

research contribute to creating theoretical frameworks by shedding light on underlying 

phenomena (Wilson 2014). The concept of the multi-case study is used for data collection 

and analysis. Information is gathered via in-depth, focused, semi-structured interviews 

with case companies (Rocco 2003; Mason 2004). The results from the literature are used 

to inform the creation of the interview questionnaire. (Mason 2004). 

Productization, the new contribution comprises connections between construction data, 

business processes, enterprise applications, product structure ideas, required parameters, 

and relevant stakeholders. Master and business data provide a framework for managing 

data through a product structure, which is discussed in the context of supporting business 

processes and enterprise applications. The entity also has connections to the functions of 

business processes and enterprise applications. The principles addressed are 

interconnected with others that might be useful for future business performance and 

profitability, such as product portfolio management, life-cycle management, and 

corporate analytics. (Harkonen et al.2019) 
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For this research, I interviewed seven Iranian companies in the field of the construction 

industry, with their brand and background rank. Then the interview helped an average of 

2 hours with the person in the company who should be aware of the company's business 

process and ERP systems. Most of the time was the engineer manager of the company or 

company executive director. (Table 2) The interview was in Persian, so I had to translate 

first to English and then write the transcript. Then I summarized every interview and 

divided them into sections in the questionnaire. With this separation, comparing and 

analyzing data for each section got easy. Then in table 3, analyze each strong and weak 

part of Iranian construction companies towards IOM gathered. This result answers 

research question 2, the backbone for answering research question 3, and the final model 

for Iranian construction companies. (Figure 4) 

Table 2. Chart of interviewed companies 
Companies Origin Type of 

company 

interviewee established 

year 

Case A Iran Contractor Executive director 1984 

Case B Iran Contractor and 

employer 

Technical director 1975 

Case C Iran Contractor Head of IT 1992 

Case D Iran Contractor Executive director 1986 

Case E Iran Contractor Head of IT 2000 

Case F Iran Contractor and 

employer 

Executive director 2007 

Case G Iran Contractor Technical director 1970 
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3.2 Typology of the case companies  

Iranian company is suffering from both national economic crises and international 

sanctions. They have a wide range of experience and expertise, promising a bright future, 

but the problems ahead don’t allow them to grow up as much as they deserve. 

Government organizations determine the field of work, and they enter a tender to get jobs 

mostly from governmental clients, as they are the biggest clients in the country and the 

most expensive projects are from this side. They enter tendering, and in project-oriented 

contracting companies, the product is the construction of the projects. In Iran, contractors 

can produce products based on the certificate of qualification that the planning 

organization obtains. They must enter tendering to get a job or do private work. 

Case company A: This company, having a mission for executing industrial and 

construction projects, this Road and Construction Company was established in February 

1984. It has been honored to serve our country with over 38 years of experience and as a 

company for future participation in the execution of infrastructure projects in different 

fields, including road, industrial buildings, oil and gas, transportation, water engineering 

technology, mining industries, etc. With more than 150 types of heavy and semi-heavy 

machines and 230 light machines and construction equipment, it is implementing 

construction projects in different cities of the country with all its strength.  

Case company B: Having been in business since 1975, this public limited firm excels in 

a wide range of fields, including general contracting, investing, development, and 

engineering. The company's core strategic business areas had their best fiscal year ever 

in 2013-2014, bringing in record profits. During the 2013–2014 fiscal year, they brought 

in close to $2.9 billion. The sum of their income is, on average, rising. They use the 

PMBOK (Project Management Body of Knowledge) standards for both domestic and 

international projects, and top management has adopted the EFQM (European Foundation 

for Quality Management) excellence model to use in self-evaluation, comparison with 

other companies, finding places to improve, and establishing a framework for 

management. 

The firm is a publicly traded holding business. Projects and contracts are awarded to 

holding, and the company then passes them on to subsidiaries. Including the parent firm, 

there are seven subsidiaries: civil, building, water, environment, Petro industry, power, 
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and Raily group. They are all subsidiaries of the same parent corporation. Since there is 

no IT in each group but rather a distinct company, it is the responsibility of the informatics 

firm to develop an enterprise resource planning (ERP) system to facilitate the 

administration of the holding's IT infrastructure. All subsidiary businesses must seek out 

contracts outside the parent company, where they may not only recoup their operating 

expenses but also generate a profit for the parent firm. Their most important strategic 

business units had their best fiscal year ever in 2013–2014, bringing in record profits. In 

the 2013–2014 fiscal year, the corporation earned close to $2.9 billion. The company's 

total revenue is rising at a steady clip. And rise to the ranks of the world's top 250 

businesses. A rough count would put the number of firms owned by the corporation at 

around 36. Submission of bids under the parent company's name and with its logo. All 

business operations are linked with IT and are controlled independently of the IT system. 

Suppose the finance system is linked to all associated businesses, and that status reports 

can be pulled invisibly and automatically from all involved systems. 

Case company C: this Company is a private company and operates as a General 

Contractor. It was established in 1992 with the goal of implementing and completing 

innovative and complicated projects from their inception to their handover, which became 

the company slogan. Company C improved its reputation by completing various projects 

such as dams, power plants, stadiums, subways, and the prestigious “Milad Tower” 

Project, which was the 4th tallest telecommunication tower in the world in 1995 and 6th 

in the present time. In 2009, the company celebrated its first “Engineering, Procurement, 

Construction, and Finance (EPCF) Contract of Lines No. 3 & 4 of Tehran Subway” 

followed by “BOT (Build, Operate, Transfer) Contract of Multi Storey Parking of 

Mehrabad Airport”. With the company's growth and to respond to its expansion, the 

company set up different subsidiaries to cover its different areas of needs more efficiently. 

In 2011 case C took another big step by entering other markets in the Middle East and 

securing some landmark projects. It started with the “Baghdad Athletic City” project as a 

turnkey contract, and now the company has multiple projects outside of Iran. 

Case company D: The company was founded in 1986, contractor grade one in water, 

road, and building and second grade in Facilities and equipment. The main activity of the 

company, according to article 3 of the statutes, is to provide technical and engineering 

services and perform all The steps related to the design and implementation of national 

construction projects, including dams, silos, roads, bridges, and tunnels, water-electricity 
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and oil-gas transmission lines and related facilities, industrial plants, cement, refineries, 

power plants, slaughterhouses, treatment plants, Mines, docks and ports, airports, heavy 

metal and concrete buildings, mass housing, all fields of agriculture, including irrigation 

and drainage network plans, land improvement and supporting, watershed management, 

fisheries and aquaculture, animal husbandry, development of greenhouse crops and other 

production plans and Under construction inside and Abroad. Providing technical and 

engineering services and carrying out all the steps related to designing and implementing 

construction projects abroad. 

Case company E: The firm has been around for more than two decades, during which 

time it has specialized on civil engineering and construction. Among the many services 

and products offered by this firm is the building of roads and railroads, the exploration 

and production of oil, gas, and petrochemicals, the provision of maritime utility services, 

and the realization of technical designs for use in building projects. As a contractor for 

the EPCF, this firm is actively engaged in this field. From this vantage point, the 

engineering and construction contractor will complete the detailed engineering design of 

the project, acquire all the necessary equipment and materials while keeping an eye on 

the budget, and finally construct to hand over a fully operational building or asset to the 

client. Case E includes many projects and offers a great deal of opportunity in finance 

and procurement, establishing the firm as a leader in high-volume building, infrastructure 

installation, heavy machinery, and transportation. There are now 2400 people employed 

by the organization who have worked on 68 separate projects. They have cooperation 

with 28 other businesses and work with 14 abroad. 

Case company F: This company belongs to one of Iran's private banks, whose executive 

arm is in construction projects. This company always uses the knowledge and expertise 

of good personnel and completes construction projects best. The distinctive feature of this 

company is the construction of buildings and construction projects while being the owner 

of the project itself, resulting in many problems and long correspondence. He has done 

many residential and commercial construction projects in the country, especially in 

Tehran and its surroundings. The construction of commercial towers and residential 

complexes is the specialty of this company. This company carries out most of the projects 

in the form of design and then implementation, and it rarely enters tenders and 

government projects. 
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Case company G: is a great company with expertise in road and rail and bridges, 

tunneling, and work since 1970. Have a good relationship with clients; their advantages 

are their construction equipment and financial strength. They currently have a great bridge 

product on their hand, and this project is remarkable. The company has dozens of heavy 

and light construction and road construction machines and has several asphalt and sand 

factories in different parts of Iran. And also has expert forces in the field of road and rail, 

tunnel and bridge. 

3.3 Business-level data in companies 

Case A: All business processes have been identified and presented as a 20-sheet DFD 

(Data-flow diagram) file. One of the business processes for the company is real estate. As 

payment, tenders, in some cases, pay the project with some assets they have, as the 

country's condition is not resealable to store money in the bank because of inflation. So, 

they pay, but the company must deal with these payments for assets like buildings or land. 

So, they create actual state departments and try to exchange them with money to pay their 

bills. Also, they can keep these assets and work on them like investment and business to 

provide profit. 

All the processes have an owner, and the activity description is written for them. They 

have recipes for it. Every process and subprocess has owners exposed to every 

stakeholder and can be monitored by those with specific authorization. PMIS systems 

(Project management information system) are complete with automation software. The 

leading office automation software carries out intra-organizational activities in the central 

office. Colleagues do financial and administrative affairs system and warehouse issues. 

These two pieces of software are essential in the contracting area. They have other 

software, such as Office, AutoCAD, etc., which help in the design and implementation of 

the project and are shared. 

One subject related to operations systems is the limitation of the OS (Operating system), 

for example, the size of each file that the user can upload to the design and attach to a 

report. Another thing is the accessibility of users internationally and the insurance of 

databases of the software owner. Asana is 500m, but Iranian Taskulu is 15m. Consider 

the quality reduction and then decrease the archive file value.  Correspondence 

management by automation, which is active and can be done online in all projects, also a 
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comprehensive, integrated project management system has been created as Taskulu, 

which is made in Iran and does not include filtering and foreign sanctions. In the past, 

Asana software was used, which was filtered after the sanctions, and now Taskulu is used. 

In this system, up to 15 people are free, and more than that company has to pay for this 

web-based business process management plan. All communications are in the system. 

Even the signature for documents and statements is digitally done. Before, no weather, 

traffic, delay, damage, or cost was added to the documentation problem. As the company 

said, this digitalization and distance working is accelerated and completed because of the 

covid-19 pandemic. One Problem with the older system was that it was not accessible 

from aboard as it was in the local domain, but the new Taskulu is available for foreign 

employees. 

This system has a reminder option to reach a related person through text message or email 

at a specific time. The local task manager application is limited to task reference, like 

every task has just one sub-process sequence. Still, in previous international tasks 

managed by ASANA, which the company used, every task can have multiple sub-

processes. The business process application has team video calls, allowing the company 

to hold meetings through an integrated system.  

Only the job description is there, and the tasks are referred to by it. It means a system like 

a to-do list. Whether the processes should be directed to it or not (the doctor himself is 

trying to create software, when the work is completed, it will be monitored step by step 

and how far it has progressed, is going, is to do, etc.) Taskulu system to the processes It 

is connected and shows the tasks sent to the owner person, that person will register later 

and display the status. in the Taskulu software, they have subprocess and subprocess of 

the product, project, and all documentation in there, so they quickly access and monitor 

every business process. However, it is new that the responsible person does their best to 

provide an accurate and complete database by linking IT with business processes. 

 

Case B: One of the main business processes in a company is the management of affiliated 

companies. According to that, case B does strategy management, budget management, 

set targets, marketing, and branding. Branding is the main business process of the 

company, consisting of marketing and strategy management and management of sub-

companies. Map of processes is a company managing, Marketing and recruitment, and 

project management, Planning and control, Risk management, Financial management, 
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Human resource management, Information and knowledge management, Management of 

stock affairs, External relations management, Legal management. Each main process has 

an owner, consisting of the department and its sub-processes. Most of the main processes 

have ownership consisting of subsidiaries or groups of people. Developing software is in 

progress by their IT company for the purpose of data hub and knowledge management.  

For Project Management, they have specific ERP system software for contract 

management and task management; additionally, the knowledge management software 

will go there. Human resources are using local software. The marketing process has its 

own software. BIM, Revit, and 3D modeling LOD mechanic and electric, architected 200. 

They first want to apply SAP, but because of international problems in Iran, they are now 

negotiating with SAGE for the ERP system.  IT system in the company is a separate 

company that belongs to the main organization and, besides its business process and 

indecency working, has to integrate with main organization IT system for all sub-

companies. All business processes are linked to the IT systems and have access to the 

main data center with limited authority. 

 

Case C: the company's main business processes are procurement, engineering, 

production (construction), tendering, and delivery. Every main processes and subprocess 

have owners. The company has AutoCAD software, SketchUp, Revit, and Navisworks; 

for data cycling, they use an electronic document management system (EDMS) for 

financial software, and the warehouse uses Saam, which is ERP-based Iranian software. 

For automation and cycling of documents, they use the Katibeh software. They use 

Katibeh software in the EDMS framework for the main business process to integrate with 

the IT system and enable data flow. For procurement, engineering, etc. With SQL 

(Structured Query Language) server. 

 The processes are raw data creation, cycling, enrichment, and storage. The reports of 

every section are created based on these data. For support, business processes are linked 

with the IT system by Katibeh software and SQL Database.  The process link with the IT 

system and then as a result, connects to each other.  

 

Case D: Company's main business process consists of Contracting, tendering, building, 

and supplying, temporary delivery and guaranty, final delivery, and an archive file. In the 

company, every process and subprocess has owners. they are using one system for 

engineering and technical usages like AutoCAD, Revit, office, and local brand   
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One system for financial processes and one for internal automation communication and 

document transfer. Business processes integrated with IT systems by internet and two 

social media software and email transfer data by the software in the company, the persons 

and the business process can access the data network and information on the server. It is 

in the central office and local database, which use used as a data hub. all business 

processes have access to data use the internet to transferer data. Automation of office use 

software for office digital paperwork, it has the log and name of every operator. 

Engineering IT systems use SharePoint; every person or group has a specific folder with 

limited access.  

 

 

Case E: company business processes consist of Tendering, contracting, production, 

construction equipment, procurement, Plan and program process, delivery, and in some 

cases, barter. Every process and subprocess has teams or responsible persons like project 

managers, who are the processes' owners. According to the interview, there is very little 

evidence of using ERP applications in the contractor; they said it is not like the production 

industry, in which processes are clear and determined. The financial system, 

documentation, and automation with ICAN EDMS and ICAN BPMs, and Rahkaran 

system ERP on web base system, which clients can use from any web browser for 

production and engineering purposes, utilize Revit, AutoCAD, and Navisworks. By 

Software and online applications platforms in tree structure organization model, business 

processes are integrated to IT systems.  Every process is linked to IT through internet 

applications and web services, and local networks in the office. By the FTP protocols, 

they transferer files and data. 

 

Case F: The Company's business processes are evaluating and buying land, construction, 

and then selling. Sub-process finds a need, trying to answer it, submitting a project, 

evaluating lands, buying lands, construction and related process, and marketing. The 

marketing process is very interesting and consists of market study and negotiation, 

renting, selling, or keeping as an asset, then the next project. Meanwhile, of the current 

project, they may start the NPD (New product development). The company does both 

financial and construction jobs by itself; same time, be a client and a contractor, then they 

contract with sub-contractors for tasks. They break down the tasks into small tasks and 

then outsource them with their onsite supervision.  
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In a company, every process and subprocess has owners who are responsible for the 

output of the process and subprocess. They use primavera and MS projects for timing and 

project management. For engineering, they use AutoCAD and 3D max. For office work, 

they use Microsoft office software. All sections or business processes in the office link 

with a shared folder in the local network; outside of the central office, they communicate 

via social media applications like telegram, WhatsApp, and emails. IT systems are linked 

with every business process and with satisfying levels. 

 

Case G: The company's main business processes are contracting, engineering service, 

design and consulting, production and construction, procurement, management process, 

client’s relationship process, construction equipment management like buying, renting, 

maintenance, transportation and supervision, asset management, and off-site project 

business management. In the company, every process and sub-processes has a responsible 

person or team and owner. Like other companies, the company uses the Hamkaran system 

for the financial system. They use local file sharing in the office, common design tools, 

and view engineering files with AutoCAD and Land pro for automation. Also, local 

software is named CSDP.  

In the company, the local office with file sharing, and for project place and site which 

may be in a deprived area, they install communication tower for network coverage. Then 

they use social media applications telegram and WhatsApp and groups in there to share 

files and data. Data are moving faster than paper with the Internet, but they have to use 

paperwork, so weekly or on every visit, they exchange the documents with the site project. 

With the social media application, every process link to each other, and the system in the 

company acts like a hub or communication center to link every part to each process. Also, 

they archive the data and manage it. In an urgent time, they connect with the upper owner 

for further instructions. 

3.4 Product portfolio processes of the companies 

Case A: The certificate (production permit) of this company has five first-rank branches, 

road, railway, airport, water, oil and gas, facilities, and construction equipment, and ranks 

5 in the mining industry. Based on this rating given by the program organization, we are 

allowed to participate in tenders. If they win, the company's portfolio is formed. The 
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portfolio manager divides the company's resources into different portfolios. There is one 

person in the company; all the company's help is in his hands. 

The primary source of income is road and runway, more than 50% of the projects are in 

route and runway. That is, (the company's main product is in this field) 52% of the income 

is also the same way, and then it is the building. They have a project charter; the moment 

the project is taken, the first task is to create the project skeleton with this charter. (Talked 

about the product, that is, the product itself has a description). They have a product road 

map. It means that the project itself has a roadmap and is described. All these are in the 

mind of the portfolio manager; his advantage is that he knows all these projects. 

The company has a CD for introduction and marketing, which is also used for tendering 

and attached with technical documents. This company uses some marketing, and the 

company has a magazine that is published monthly and sent to former customers and 

potential customers along with the tender documents. This will be knowledge 

management and recording the practices as an article.  According to the company chart, 

they have a specific process to dedicate managers to projects. The product portfolio 

manager in this company is responsible for managing the product owner's operation and 

the product's life cycle. The project manager is the owner of the project.  

24 for operation is needed to meet, and all of them are in the task management system in 

the headquarter with PMBOK. All of these requirements should be done, and the 

supervisor will check them. After these 24 steps, It will go to the executive stage, and 

production begins. Then, in the closing stage, statement statements prepare a statement 

and statement that the project is ready to end. The online web base system is based on 

Kanban Board, a project management tool intended to aid in task visualization, reduce 

work-in-progress, and increase productivity. Internal and external obligations exist for 

the environment and HSE (Health, safety, and environment) requirements. 

After winning the tender and getting the job, they comprehensively read the instruction 

of the projects and clients' requirements, like the time of the project, the number of human 

resources on the site, and utilize special equipment. Another product requirement is 

internal. They want to invest in human resources and educate process managers for future 

projects, buy construction equipment from the project's payment, or market the site area. 

With stakeholders’ management, they try to find a similar project in that area. Like 
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building the main airport building, they negotiate and do marketing to get its other part 

like parking, gate, and airways beside the project without tendering and directly from 

main clients.  

Case B: The company consist of approximately 36 company, each has its business 

process and have to answer to the leading company, the product of the company is 

construction road, rails, buildings, mass construction, oil and gas, water facilities, stock 

marketing, software development, and knowledge management, management companies 

and do business. There is no maintenance portfolio in the company. Construction project-

related work is the primary source of their company which is handed over to several 

companies that all share benefits with the parent company.  Each company has its own 

project management, portfolio management, and all business process. Meanwhile, the 

parent company does general portfolio management of each company’s portfolio. Data 

structure for the commercial part of the product consists of the kind of product, location, 

and dimension. Engineering data like material, type of steel or concrete, and other 

technical detail will provide the time needed for the technical part. The product has a 

route ending with the final book.  Marketing, contract, build, delivery, guaranty, and final 

book(archive). The product life cycle here in the company starts with project marketing 

and searching for projects and ends with the final book of the product(project). The 

project's environmental-related process and sustainable development are considered in 

the early stage of the project and are considered in designing and knowledge management 

and contributing to clients. Project managers are owners of the projects. Projects are 

considered products.  

Contracts and project requirements are fully defined, and it is obligatory. The engineering 

team breaks down the product into items and components and then creates a checklist and 

metrics requirement, which the company has to provide. They have quality control for 

supply, build, installation, setting up, and delivery. Internal requirements are existing 

environment, HSE, and Construction Engineering Organization obligations. Because the 

company works on international projects, they carefully observed the projects' 

environmental issues and HSE situation.  

 

Case C:  product definition according to the company's point of view: the contractor 

company’s contract is its product. So, what construction work they do is their product.   

The company's product is roads, buildings, oil and gas, water, and related facilities. The 
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construction buildings portfolio is profitable and the main source of income for the 

company. Towers are their expertise, and Milad tower in Tehran is one of their products. 

They must present their products to the marketing and tendering process, so they have 

product portfolio descriptions. For commercials, they make a PDF and PowerPoint, 

detailing the dimension, shape, location, novelty, time, and specialty of projects provided 

to catch the client's attention. Technical data are just for internal usage and never get 

presented to clients.  

Product life for a contractor lasts until the contract and production time. They have 

defined stages for production, beginning with marketing and tendering and ending with 

the final delivery of projects. A contractor company is vital to get projects, and they stay 

alive by working on projects or, in other words, producing products. Also, they have to 

produce several products without waiting to finalize a product of their portfolio. Processes 

are crystal clear as they were paper type, but now, they are all in the software and used in 

ERP systems from evaluation tenders to delivering products and archiving data and 

storing them. They have a process map, and every process has a sub-process, like 

tendering with a detailed, confidential sub-process.  

All products in the company have owners, and they are responsible for the 

products(projects). General requirements are that the contract between clients and the 

company is well defined and available at the beginning of the production. Also, they have 

internal instructions for every project or production, like restrictions about procurement 

and payments and other instructions for environmental and safety. These rules are clear 

and communicated. 

 

Case D: Most of the company's work is in water and supply, roads like the metro, and 

underground work like tunneling and tunneling station. One of the pioneers in the RCC 

dam in the country. Today, because of the country's economic problem, they are working 

only on one product(project). The main source of the income for Case D is the 

construction of the dam and related structure and generally what is related to water 

construction. They had a company introduction document, including assets and products. 

But it doesn’t get updated now. The company can operate in these areas based on the 

program and budget organization grades. Also, they can work beyond it and do other 

business, so that can be also. Information about location, novelty, and a brief work 

description is provided for a commercial structure. Also, for technical aspects, they put 
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information about the size and dimension of the project, the material, and the amount of 

it.  

The product has several stages. The company is in only part that is related to production. 

The production part has many stages, from contracting and tendering to delivering and 

archiving the product data. In the IMS, they defined the process, everything is predefined, 

and owners of the process and responsible persons will be set. Every product has an 

owner, the project manager, clients are the real owner of the projects, and all of the dams 

or most water-related projects are the government. in the contract, the purpose and 

requirements of the project are set completely and well-defined. But the company has 

ISO (International organization for standardization) quality 9001, ISO HSE 45001, ISO 

environment 14001, PMBOK, and Integrated management system (IMS) for internal 

requirements.  

Case E: The company engages in the field of activities, including road and railway, 

construction buildings and civil structures, oil, gas, and petrochemical development, 

marine utility services, and the implementation of technical design in construction areas, 

corporate finance and investment, and selling buildings. The main source of income in 

the company contracts and tendering and construction they produce is civil projects. 

The company has divided its portfolio based on its kind into 5 sections oil and gas, 

building construction, water construction, road and railway, and others.  

For the commercial description of the portfolio, they divided products into done and 

doing, then put information related to the product like date of delivery, duration of 

production, location, and dimensions of the product. In the technical aspect, they put 

engineering information like structure detail, components, and material used in the 

product. as a contractor, the process of zero to delivery of projects is defined, and the 

steps are clear. Product life cycle management is defined, and the project manager 

manages processes. Products have the owner in the company in the title of project 

manager or project management team. And they are responsible for projects or products. 

Except  for oil and gas projects, the building projects have a very typical instructor and 

requirement which is defined and precise. For oil and gas, they have specific needs and 

guidelines; clients represent these targets, and the company has to comply with them. 

Other policies related to the company exist to reach the company's vision. 
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Case F: The Company’s products are commercial or residential buildings, and as the 

company is connected to a private bank, they serve it as the economic arm of the bank 

and bring profit to it. Their main sources of income are buying, constructing, and selling 

products which are buildings. Literally constructing and doing business in real estate. 

They have because they have both rules of clients and contractors as contractors; they 

don't need it, and there are few contractors in Iran who have a portfolio description. Still, 

as they sell what they are constructed, they have a structured way of describing their 

portfolio and products. The company will show the customers what their products look 

like and what is this it their specifications. Also, the technical details of each product are 

recorded and provided in some books or papers, which are handed over to prospective 

customers. The amount of data and details that should be in their description have to reach 

a standard way and should have sufficient data and meet the requirements. 

Companies have product life cycle stages, from the feasibility stage, then planning and 

submitting the plan, buying requirements, and needed lands, constructing and marketing, 

selling, then moving to the next product. Every product life cycle process is under the 

supervision of the project manager, who is also the owner of the products, and managing 

it is his responsibility. Every product has an owner, called a project manager. They are 

very strict about product requirements and targets. Also, they have their own policy and 

business opinion, which should be considered for NPD. they have business discussions 

internally and with the bank, so they have goals to reach. Also, some national 

requirements and rules like HSE and environmental issues which the company is aware 

of and fully defined for them and compiles them. Also, building regulations and 

engineering systems are fully defined and accepted by the company. 

 

Case G: Companies' products include roads, rails, tunnels and bridges, buildings, water 

facilities, and piping. For consulting and designing, they have road, related projects, and 

EPC projects. Also, side businesses like selling extra sand production or asphalt but less 

than 10 percent of the company portfolio. According to country policy and company 

expertise, the most products for the company are roads and rails. The margin in the price 

of projects is their source of income. The company's main competitive advantage is its 

construction equipment and financial strength in hard times. That’s helped them to get 

the big job and a good reputation in the market. 
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The company doesn’t have a structured way to describe the product portfolio. However, 

they have a specific project description that the government defines, and they follow this 

path, so their portfolio is not getting more than that. From the feasibility study until the 

delivery of the projects are clear for the company and its employee, as the path is routine, 

they are aware of every step they took. However, the life cycle of every project depends 

on the contract conditions. If they are just builders, so they play a part in the production 

stage of the Product life cycle. They have a defined process structure for every step they 

take. Although every project has its novelty, overall phases are equal, and steps are the 

same. 

Every process in the company has an owner, products have an owner also, the board 

members are the primal owner, and project managers are the owner of each product. So, 

products have owners based on hierarchy. They have internal QC (Quality control) and 

QA (Quality assurance) for their own standard and quality management, and they define 

it very well besides ISO and environmental requirements. They have a cost-benefit 

evaluation. Clients give the main targets of the products, and national requirements exist 

and are common for each project, and the company has to comply with them completely 

unless they find value engineering that clients should approve.  

3.5  Creation, storing, and use of data  

Case A: every process has created data, and all of them have to verify. Data are different 

and can be classified in several aspects, such as the source of receiving, like the client, 

stakeholders, internals, or outside of the project circle. Another classification is about the 

data from 49 project management processes from PMBOK, like data for cost management 

or marketing, etc. Each data can be found by its creator and related process. For the time 

they need it, they have it in the specific place that is stored and used. Data are created 

daily, and the owners' statements from the site and project are definitive and signed. Data 

from continuation from clients and companies are definitive and cannot be changed.  

Everyone creates statements, and they are definitive. Uncertain data are not allowed to 

enter the database as they conflict with decision-making. So, they try to have at least two 

or three signed data to use (emphasis on owners and its importance, they have to be for 

every data). Two sources for sorting data. First is cloud storage, and all of the document 

is stored there. Second is a hard drive in the server of recording in the central office; they 

also have a hard drive in every project site. Cloud base storage is the task manager 
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application that can store unlimited data, but every item should be less than 15 Mega 

Byte. The data is stored according to 49 processes of project management. There is no 

process in a company with no data, and all of them get verified. 

Every process uses its specific data to which its access was granted. They go to their desk 

in the application and find their job with particular instructions, then change the status of 

the tasks to doing, and after finishing the job, they do it as done. For example, tendering 

members use the portfolio management data about forming into a new job. Marketing use 

data from the technical department for negotiations and finding similar projects. Other 

business processes like real estate or other sources of data which is not in the circle of 

stakeholders have come in the aspect of tendering offering or new project or marketing 

of other company for their process for contractors like construction equipment and 

technical detail or new supplier. Data may come from email, publishment, by person and 

meeting, or through letters which now, it is common to receive data from the internet and 

primarily social media. In Iran, WhatsApp is ubiquitous more than in others. 

The time with responsible person is not available to present and should investigate. An 

example of a problem is the person is on a day off or has a medical issue,   

The data, but they don’t have problems with processes and data flow. The company board 

and CEO (Chief executive officer) own business-related data, and the engineering 

department holds related technical data. Project managers have the product, project, data, 

and associated processes. Every verified data coming from the projects are considered 

product-related master data.  

Projects have subprocess, and every data are related to each specific part.  

They have a PDCA of monthly and weekly for data. The main processes for data are 

creating, verifying, using, and storing the data. The most critical data for the company is 

operational data which comes from site projects, and creating data is essential. Product-

related master data are most important for the company as they are utilized for further 

decision-making. 

yes, every piece of information made has an owner and responsible person by using the 

name of the responsible person under the data. At first, the person is chosen for the job 

by the company, and the task management application gives the person the column which 

is exposed to the project manager. Everyone with high access creates data and delivers it 

by their name. Time and name of the person who delivers data are precise.  
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Yes, in the company, they have an obligation about the time of data creation and delivery 

for every month and specific day of the week, the operator who works on data is aware 

of the content. For every project, the same kind of data will arrive at a specific time—this 

help to keep in mind the subject and develop the data better. The process of creation, 

enrichment, and verifying data is defined and established. Data is gathered from the 

owners, delivered to project managers, and then stored in the database. 

Three data storage are available, the cloud, the hard drive inside the headquarters, and the 

hard drive in the project sites.  

First and foremost are the Internet and international sanctions and national filtering, 

limiting communication and transmission of data for accessing the best software and 

applications. Licenses for some software are not able to purchase in Iran. As a result, the 

only option is the local software that lacks efficiency. Another challenge is the speed of 

the Internet, which immensely affects the quality of data and availability of data at the 

right time. Internet speed in Iran is plodding in comparison with other countries. On the 

other hand, the rate of uploading data is worse than the downloading speed.  

One challenge is that every new system confronts resistance from unfamiliar employees, 

and as its new, it requires teaching an employee to be able to use these systems. They 

have to be understood that validation, timing, enrichment, and storing of data are 

essential. Data quality is related to the person who created it, and other companies have 

problems with it. 

Case B: Master data are created in the projects, marketing, technical and business-related 

data. Data flow diagrams and DFD for every project are drawn and clear. Product master 

data created in the contract. Company management created business process-related data, 

Marketing, and recruitment, and project management created product-related marketing 

and NPD data. Planning and control created product-related design data. Risk 

management product-related service and care data; financial management support process 

data; human resource management support process data, Information and knowledge 

management product master data, Management of stock affairs business process data, 

External relations management product-related marketing and sales data, Legal 

management business process data and product-related data. 
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Product-related data are master data, and clients’ demands are backbone data. But due to 

knowledge management processes and some trouble that may happen during the projects, 

definite data are statements that tell the amount of work that is done. Ultimately, the final 

book of the projects is the definitive data. For example, Construction equipment-related 

data are definitive and considered as mater data; all data that is a report of work done or 

complete parts are definitive; otherwise, the possibility of change exists in the process. 

Every project has a dedicated DCC, which stores data and transfers it to SharePoint.  

Data is stored in the share point; they have a knowledge portal in SharePoint for the 

purpose of knowledge management. Also, they published the knowledge into the book 

and wrote them into the DVD but available internally. In the final book, there is no 

possibility of clouding in the company because of sanctions; buying software is not 

possible from Iran; if you buy from another way, there is a high risk of losing and being 

banned from the software owner. So sharing data is just in the central office SharePoint. 

Although the price for the server is high, the server's cost, security and antiviruses, and 

the risk of losing data exist, and it’s not low. But if there were a possibility of data 

clouding, they would definitely use it because of price and security. 

Data here is like a lake. Everybody can and has access to a specific portion of it. Every 

usage of data is clear, and the time and action are recorded. Look at figure 5. 

Figure 5.  The data structure of case B 
 

The company has issues with data access because of the unintegrated of data system, but 

they are trying to fix it by defining a data strategy. The company management has 

business data, Marketing and recruitment and project management have product and 
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project related data, Planning and control have product related data, Risk management 

have HSE related data, Financial management has financial-related data, Human resource 

management owner data related to the employee, Information and knowledge 

management owner of master data and data related ERP, Management of stock affairs 

owner of data related stock, External relations management owner of data related 

negotiations and contraction, Legal management owner of data related claims. 

The main process of data in the company is demand, creation, enrichment and validation, 

usage, data archive, and reusing data. Data ownership is completely systematic in the 

company. All data is provided by several tags, which help to categorize and accessibility. 

Also, the owner's name and the time the data was created are registered. How many people 

visit to this data and the time will be recorded as a log. The company targets to bring 

100% of the process into the Information system, and for that, the current state is about 

40% and is inventory process, financial process, marketing and procurement, human 

resource management, corresponding, and communication. About two years old plan was 

established for knowledge management, and because of the DIKW (Data, Information 

Knowledge, and Wisdom) pyramid (Figure 6), data management is required. They plan 

to capture and record all the knowledge in the organization into company assets. Best 

practices in every project to use for a future project. They did SWOT (Strengths, 

Weaknesses, Opportunities, and Threats); they found their weak point and strong point; 

the timing of data or validity of it was problematic in the past, which made them define 

data strategy for the future. 

Figure 6.  DIKW pyramid (Wikipedia) 

 

Case B has data hubs, share points and teams dedicated to archiving, analyzing, and 

providing knowledge through these data. Also, other business processes have access to 
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these data and use them for decision-making. Sanctions are the main problem; this brings 

many other problems like using internal software, cyber-attack, and because of stuck 

marketing, having to keep some information confidential and have to be very accurate 

and high quality. Creating data before was HR residence, but now it is smooth, and a 

specific team audits quality. 

Case C: Most of the data created by the company are product-related technical data. So, 

business processes are trying to create these types of data. Marketing and sale-related data 

are created by a small section of the company's business process and work for the brand 

image and presentation of the company. Technical data are at first raw, then after 

processing and cycling, enrichment becomes definitive and then stored in DCC. So 

definitive by nature, data are clients’ demands or product proposer of creation, or answer 

to clients’ need is definitive. Data is stored in the main server SQL in the central office in 

DSS. Also, they have a storing place for archiving final data, which saves all documents 

created in the projects and stores the physical version in the office. The cycle of these 

data is with Katibeh, storing it in the cloud. 

They know who is using what data by giving access and monitoring, and they take action 

through Katibeh software administration. The business process uses data to provide 

reports and evaluate data in a certain period. Other business processes provide data related 

to product and production, including time, completion amount, cost, condition of 

equipment, and inventory data. They have trouble with data related to construction 

equipment and its maintenance. Because of the company situation, it is not their priority 

to solve the issue and also lack of workforce-related data management. Also, data storing 

for past projects and knowledge management lost some contracts and tendering because 

specific knowledge and previous experience are not stored in the system. 

Every business process is the owner of the data it creates, responsible for its data, and 

other processes make a decision according to that. For instance, the procurement process 

owns the data related to production requirements and inventory statutes, and the other 

part, according to their data, makes the decision upon them. The main product data 

processes in the company are creation, editing, verification, usage, and storing data. 

Creating data in time and storing it, is important for the company. Because of the ERP 

application and company automation system, every data should have an owner and 

validate for usage in the system, and all the processes are trackable by the administration.  
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Data instruction is defined by the company and is acted by all business processes. Data 

are cycled by software, and the finalized documents are scanned and stored in the cloud 

server. The cycle of the data process, from raw data creation to storing final data, is 

defined and clear. The Company has DCC and access to it through ERP application and 

is accessible by authorized users. The main challenge for the company is the inertia of 

people to act on the new data policy and resist digitalization. The next challenge is owner 

data validation, making business process decision-making hard. 

Case D: product-related data is created by the engineering team, and the also client gives 

new product development data. Marketing-related data is created by tendering and 

marketing, data-related company business processes are created by board members and 

the HR process creates human resource data. Every process are owner their data, and 

product data which is project data are the most important and every other data are used in 

this process. Product-related data ordered by clients are definitive, but construction 

products are not as clear as other industrial products at the beginning because the factory 

is not where the product is produced, but nature of the construction products with 

uncertainty which is always there. So definitive data is final decision product-related data 

and work statement-related data as-built plans data. Marketing-related product data is 

definitive. 

Data is stored in the server HDD's (Hard disk drive ) IT system  and physically in an 

archive room. Every business process has specific access to data and can connect to a 

local server to utilize related data. The marketing and tendering team use portfolio data 

to find the new product (NPD starts with tendering and searching for new projects. Other 

business processes produce data related to products and suppliers to the engineering team 

for knowledge engineering and then product production by these data. The marketing and 

tendering team provides data for portfolio management to plan and decide investment in 

NPD or not.  

Some data depend on the projects' place, in the deprived area or distant locations. Data 

gathering is the problem; the company does more projects related to water, like a dam, 

and these projects are mostly in a distant location, so a big problem for them is data related 

to the site of the projects or place of product is building. One missing data in some projects 

are supplier data, weather, and climate data, earthquake data, etc. According to these data, 

the company can plant sites related to these data and create a route to take benefit from 
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suppliers. Sometimes the data is in the owner’s database, and they didn’t upload it to the 

main server, and the time in need, they don’t have it. Personal mistake is a reason for 

these kinds of situations. Engineering and production process is the owner of the product 

master data marketing and sales are owners of product-related business data. The 

procurement unit owns product-related material and supply data, portfolio manager 

owner of data-related business processes. 

The main process of product data is receiving and creating, evaluating and validation, 

using, and archiving data. Product data doesn’t have any organized ownership process, 

but folders of data in the company server have several members who have access to it. 

However, automation for documents has ownership, so business data have ownership, but 

product data doesn’t. The process of data is defined and clear. Individuals are aware of 

what to do with the data they receive and create. Data are stored in the HDD in the 

company's central office, and employees have limited access to specific folders. Also, 

business-related data is in software ERP. The financial problem of updating and 

upgrading data software is one of the company's challenges.  In the absence of strong and 

professional enterprise software, the local program, after a certain time, may be 

completely disabled because the developer is stopped working. The challenge is syncing 

data to the new software; the data format doesn’t allow or make work difficult. 

 

Case E: Production and construction processes create product-related technical data, 

delivery creates product-related sales data, and tendering, and marketing create product-

related marketing and CRM data. Definitive data are the related product created by the 

project site as statements are definitive. These data include progress, inventory status, 

equipment condition, and future demand. The project control team creates this 

information. Data-related products provide as claims are not definitive until the client’s 

approval. Delivery data and final books are definitive data. All documentation is 

happening through the Poopak Correspondences management service and stored in the 

server database, which can be stored in a local or cloud server, depending on how the 

company puts platforms in servers.  

By limiting the accessibility of data, they determined who could use which information 

and data. For example, the financial team doesn’t have access to engineering data. Also, 

usage of data and editing comes with a log, time, and name in the system. Data doesn’t 

always come from stakeholders, sometimes, the country's news and market situation data 
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affect other processes, so data-related products and raw materials are important, price and 

availability, for example, cement or metal. They have a very sensitive market. Through 

the Rahkaran system platform and inventory module link to other business processes and 

data flows, as a result, the inventory tells procurement to make their purchases.  

For distant project sites, the problems are that Data is not consistent and fluent, and one 

major issue is the nature of the projects. The far site location comes with internet 

problems. A reduction in monitoring comes next. Using fewer expert people because of 

location is another reason, then changing the people and operator makes it very hard to 

receive precise information and data from the project site. Another reason is that in the 

beginning, the company doesn’t try enough to justify operators to care enough for data 

communication. Also, according to company priority, a lack of attention and supervision 

is observed in some small projects. Production is owned product-related data, marketing 

owned data related sales, and tendering have NPD data. Plan and program process own 

the product portfolio of the company. The main product data process consists of creation, 

use and enrichment, validation, documentation, and data archive. 

The company provides data ownership by software platforms which, according to that, 

every data has an owner and detail. Also, product-related data for marketing, engineering, 

and sales are linked to responsible teams or individuals who are dedicated to it. Through 

these software and data platforms, ownership of data is organized. The company doesn’t 

have a specific data strategy for future usage and best practices; they would like to have 

it not they didn’t right now, but for claims or other related issues for legal problems in the 

future, they achieve data, and they may refer to use them. The company has DCC and an 

internal server in which platforms and software are installed in it. Also, physical data and 

documents have been archived for years and stored in the archive room. The challenge, 

according to the company's point of view about data in an organization, is that the data 

processor should be faster, the route should be shorter, and the path smoother to increase 

productivity. As a result, the operators pay less attention and get tired so that they may 

create inaccurate data. 

Case F: Most of the data in the company are product-related data. Every business process 

tries to create its as much data as possible with digital tools. Process marketing, tendering, 

and sales create data related to sales and marketing. Construction and procurement 

provide product data related to the company. Business-related data created by portfolio 
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managers and board members to define the company’s road map. Costumer-related data 

are with the marketing process. Data-related product requirements and construction 

regulations are definitive, and data-related work done and what is happening as reports 

and statements are definitive. Data-related marketing and sales are definitive, as they must 

be present to the customers. The archive office stores physical data like plans, blueprints, 

and financial documents. HDDs in the office store digital data, then these hard drives are 

labeled and stored in the storage office for future needs. 

In the company, data used by each business process can be monitored because they are 

given the data, so they know they are using it. Otherwise, there is no online monitoring 

system to track data usage rather than the social media “seen” option. Data related to a 

product that the company gets from a business process like customer relationship, 

marketing, or data-related market segments provided by media like tv or newspapers. 

Data related to main business flows are provided by shareholders, in this case, the linked 

bank. There is always a possibility of data shortage or lack of receiving data in the 

production; they didn’t specifically name them but overlay the cause happened by reasons 

like data owner’s mistake, internet problem, software malfunctioning etc. however, these 

are not serious problems for them. 

Each business processes are the owner of their data, and related data are clear for the 

company. Requesting, creating, validating, and enrichment, using data, reporting, and 

archiving. According to every production’s instruction provided by the company in the 

2D charts, every ownership is clear. Data strategy in the company is defined as a cycling 

process of data, not as completed for future usage and knowledge storage. Just process of 

data. The company has a data hub in the central office. According to the nature of 

construction projects, uncertainty during the work process, the data is not as clear as in 

other industries, processes are not as routine as in the automotive industry, and utilizing 

past knowledge is hard compared to other industries. 

Case G: Business processes in the case of company G create contracting, engineering 

service, design and consulting, production, and construction-created product-related data. 

Procurement created product-related supply chain, management process created data for 

portfolio managing and business-related data, and client’s relationship process created 

sales and marketing-related data. Construction equipment management, like buying, 

renting, maintenance, transportation, and supervision are business-related construction 
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equipment data. Asset management and off-site project business management create 

financial-related business data. Data related to products about the amount worked done 

definitive, and data related to Construction equipment conditions are definitive. Clients’ 

data-related financial matters are not definitive as they don’t happen all the time, so data 

are considered definitive for construction companies, representing the things that are 

happening. Other things always have the possibility of change. 

Besides physical data stored in the office, the company have an HDD in the central office 

with a share point which helps gather and store data internally. Telegram and WhatsApp 

databases are also useable for temporary data storage. According to data addresses and 

folders, they know which process uses what data, but as they don’t have live monitoring, 

they can’t say the live announcement of data usage. Other business processes produce 

data utilized by the board and decision-makers of the company, data-related business, and 

assets besides data-related country conditions and future situations are like this. Internet 

websites, newspapers, and telegram and WhatsApp groups and web base applications. 

Lack of access to data by the upper-level managers' decision may lead to data that should 

be available but is not. Also, an insufficient infrastructure of communication facilities for 

some areas and far construction sites. Internet speed also makes a challenge for data 

transmission. In the company, every business process is the owner of their data and has a 

responsible person for its validation.    

In the case company G, the main processes for product data are data creation, validation, 

usage, sending to upper-level o, storing, and archiving data. Data get named after the 

owner’s creation by text and version number. Every owner should add his/her name after 

the file name. Also, folder access has represented the owners of the process. Also, the 

chart of company owners of each part is clear. In the automation software, the sender and 

receiver are also clear.  Unfortunately, A slice data strategy is defined for data cycling, 

and it is clear, at least for an employee, that data comes from where and going to. They 

said they didn’t lose any data because of an undefined process. The data center in the 

company office is a data hub, and external HDD considers data storage which is weekly 

transferred to the data center and stored in the company data hub. Also, a physical data 

storage office in the company for archiving data. Data related to construction equipment 

are challenging for the company as they are separated in the project site far from each 

other. Reporting them continuously leads to bad-quality data.  In some cases, high 
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pressure on clients to gather data in a very small time is challenging. Other than routine 

time, the data may get interrupted and damaged, which is unreliable. 

3.6 Product and process modeling 

Case A: company doesn't have a virtual model of its business process. They only have a 

picture of the process-related products and the tendering process. They have a virtual 

representation of their product. Also, they use drones to take photos and videos of the 

product for presentation. 3d models and animation exist. They send them so shareholders 

they and describe the final product at the beginning of the project. They also do 

knowledge engineering and take benefit not only the client but also, as a rule, 30% of the 

savings would give to the company. They use outsourcing for modeling. Their data format 

is mp4, office format, .jpeg, .dwg, .web, voice, and pdf. 

Case B: The company has A virtual model of the business process in 2D. all products are 

presented by Revit 3D modeling, 3D max, and pictures and videos. The virtual products 

are in 3D with the Revit software, and all mechanical, electrical, and architectural plans 

are in 3D. Navisworks is used for representing 3D models. .viso, .vsdx, .DWG, .PDF, 

.DOC, .Jpeg,  .Mp4 full HD, video for marketing and knowledge storing. Also time laps 

exist for projects. 

Case C: the company only has a 2D organizational chart for business processes. The BIM 

model of the product is the only virtualization data for the company as they don’t do 

business and marketing for the product. The company does virtual modeling by BIM and 

production cycle to estimate and predict demand and its time. MSP and primavera are 

used for describing the time of production, and BIM for describing the 3D model of the 

product. The process map of the case company is in figure 7. Also, 3D max model for 

presentation to clients. Formats of virtual products are .DWG, .PDF, .Brvt, .mpp, .xer, 

.xlsb, .Jpeg, .PPT, .max.  
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Figure 7.    virtual model business process map, Case C  
 

Case D: most virtual business process models are presented as power points with pictures 

and business-related data. Presentation of products most of the time are in the shape of 

power points and pictures. Virtual 3D models are very rare, and 2D CAD planes are 

common. Most of construction projects come with a physical model made on a specific 

scale to represent the product. (Figure 8).  

 

Figure 8.  Kahir Dam, physical model of product, case D 
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Virtual products are 2D as pictures, PowerPoint, and video, and 3D in 3D max when 

clients require them, but it is not common in water construction projects. And common 

formats utilized in the company are PDF, Jpeg, scanned document text, pdf, .dwg, and 

PowerPoint. 

Case E: Despite the 2D chart of their organization hierarchy, they don’t have any virtual 

model for their business processes. In recent years, the company has provided powerful 

office PCs for people to produce virtualization of projects. Although these expenses, they 

didn’t get a suitable result as the just PC is not enough, but recruiting expert employees 

is necessary, which the company hasn’t done yet. Using the picture of projects and also 

for 3D modeling, they outsource to make them, like 3D max models of projects. The 

virtual model is in 2D model with pictures or video, creating data for marketing by some 

individuals are doing. Files are in .3ds, .Jpeg , .MPeg4, .Xlsx, .DWG, .PDF, .Doc, . rvt 

and common format. 

Case F: The virtual model of their business process is in the 2D chart, both digital and 

printed. The company has 3D models of their products, both in 3D and 2D photos, 

represented on the website, PowerPoint and also in physical form scaled for presenting 

even in exhibitions. Formats of the virtual products are 3D max formats, Jpeg, Mpeg4, 

PDF, PPT, DWG, and other office formats, all in the windows operation system. 

Case G: No virtual model of the business process exists in the company. Rather than 

physical models, they have animations and 3D max models of their products. 2D 

representatives are in PowerPoint, pictures, and screenshots of the 3D model. Formats of 

virtual products are .mp4 or regular video formats, also animation format, which they get 

as video, not as raw format. Also. PDF, .DOC, .PPT, 3D max files, and .DWG and Land 

pro .SHP files.  Figure 9 shows a 3D model of a bridge as the company's product. 
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Figure 9.  3D model of a bridge, Case G  

3.7 Virtual production and process data  

Case A: virtual product used as a prototype, and its essential job is to bring shareholders' 

approval. Then it has to be referenced to start the work and build the actual product. All 

in all, every piece of valuable and considered interesting data for stakeholders and 

prospective clients to understand is trying to put in the virtual product model. Definitive 

data like dimensions, shape and color, material, space of places, geographical data and 

sun light, the possibility of the thought and design, and what the client thinks is as good 

as reality. The data are definitive as long as shareholders don’t have a problem with them. 

Data in the tender document and are definitive in the contract must be in the virtual model. 

It is necessary to get approval. Owners of process and sub-process, by showing the 

pictures and animation or video clip, also represent their portfolio and business process 

of the company. Suppose it's obligated to bring the supplier's name or specific 

stakeholders. The product introduction video clip or PowerPoint provides transaction data 

and cost. Figure 10 depicts the airport 3D model for case company A as an example of 

the amount of information in the virtual model.  
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Figure 10.   
Shiraz airport, Case A, virtual representation of the product 

 

Marketing in the company is done in two ways. First, it is common among contractors. 

They get to join some companies whose job is seeking and searching for contracts and 

tenders related to each client. They are like job-finder organizations. Every public or 

private sector tender must be published one or two times in the newspapers. The 

companies exist to every day look at these newspapers and email the tenders publishment. 

Several marketing acts have been done, one was going into some big project defined by 

the government, and they went and asked them to put the company into their vendor list. 

The process of being on the list requires marketing and qualification levels. Because of 

the market situation, too many competitors are entering the tendering and offering the 

lowest prices, which has no benefits and, in some cases, has the possibility of loss. Still, 

they have to take these projects by any chance, so for other companies like this case 

company is not reasonable to enter with these prices, so they have to agile find the 

investment projects or self-defined building projects to work on.  

Case B: All data in the project are stored in the final book for the product. Virtual products 

in a 3D model of Revit digital model have more data related to product technical and 

commercial aspects of product structure. Data like virtual daylight and temperature spaces 

in the buildings, space and dimensions, architectural elements and ornaments, business 

process data like supplier information, WBS (Work breakdown structure) of work, and 

project execution methods, but no financial data is in the virtual model. Virtual products 

are created and managed by two different teams for different purposes. The engineering 

team created it for project management, the marketing team built the virtual product for 
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marketing and brand image, and the research and development team for knowledge 

management and stored it in the headquarters database with limited SharePoint access. 

The so-called virtual product is managed by Matrix management. Revit 3D model of 

product in contains details both commercially and technically, figure 11. 

 

Figure 11.  Iran Mall mega project Virtual model, case B 
 

Case C: only data linked to the virtual product are location, material, technical, 

dimension, and color. Technical data are mostly in virtual BIM models and may not be 

present for clients. Procurement data and related data transactions are included BIM 3D 

model. Engineer team is the BIM and 3D max virtual product owner, and they are 

responsible for managing it. 

Case D: data-related products linked to the virtual products are dimension, location, the 

purpose of the product, the priority of the projects, and the process of productization to 

justify the clients and end users. Suppliers' information for some cases. It is impossible to 

bring up money-related data as the inflation during the time will miss leading 

stakeholders. The IT department is the owner of the virtual product and is responsible for 

any correction. They manage the virtual representative and take advice from other 

departments like the engineer or CEO.  

Case E: Product-related data exist in the virtual product model; however, only definitive 

data are provided. For example, the dimension of the product, time, material duration, 
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importance of the product and the purpose of the product and result, the client, the 

rewards, location, and difficulties of the product. Sometimes, they put the cost and some 

financial data linked to the virtual model. The company has some individuals for these 

purposes who co-work with the engineering team to create and manage a virtual model 

of the product. Also, the top-level managers give comments on the final model. 

Case F: The overall product information, like dimension, main materials, location, and 

shape, will present, while other technical data is in the table attached to the virtual 

product. Suppliers' data, transactions, and other information like purpose of need, 

competitive advantage, the added value of the product, and data like these, which help to 

market and better selling of products, will be added to representation if the marketing 

team asks it. The engineering team in corporate with IT provides managing virtual 

products information. 

Case G: Data related to the engineering and topography of the projects, obstacles, and 

objects in the area are provided by drones and 3D rendering of the area.  Also, no 

definitive data are in the 3D models, as ground or earth data always have uncertainty, but 

they put it in the 3D model. The dimension and information related to describe the 

product, also some construction equipment for representative work process and asset of 

the company. They have charts describing client project priority, including price, 

material, and time created by the engineering team to justify the company work process. 

They hired a person to document and gather the product's data and help to create 

virtualization. The engineering team manages the virtual product and is responsible for 

its information, but the creation of it by outsourcing. 

3.8 Analysis of the data    

Common Iranian contracts in the construction industry are EPC (Engineering, 

Procurement, and Construction), PC (Procurement and Construction), or just C 

(construction). depending on how the contract is, the portfolio management act 

differently, and data requirements vary. Consider the EPC projects consist of planning 

and design, in which contractors have to cooperate with a third company as a designer if 

they don’t have any tools to design the products.  In the construction industry, the first 

thing to select and manage of portfolio for the company is to analyze the contracts and 

tendering documents to see if the project is suitable for them or not. Then they have to 
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check the required competence. The company must comply with a limit for entering the 

tendering and signing the contract. This limitation is from the contract's price, and every 

company, according to their grade, can contract and produce products until this limit. This 

limitation is the reason that every company has a chance to have a project in their hand 

and prevent big companies from winning all projects.  

Iranian construction companies utilize every tool they can to transfer data by the internet 

in the absence of dedicated tools; however, the integration and link to each business 

process are sufficient, but data quality is under question. The lack of expert operators led 

to keeping the industry in traditional condition. The life cycle of the projects is very 

different from what is for other industries; virtualization is very limited, as marketing is 

not usable for them in tendering contracting. According to interviews, analyze of Iranian 

construction company conditions towards IOM is in table 3. 

 

Table 3. Analyze of the current state of Iranian construction companies 
IOM 

cases  

Business 

process 

management  

Portfolio 

management 

Data process 

management  

Virtual 

modeling 

process 

Virtual 

product data  

Case A ownership, business 

process description, 

integration with IT, 

local ERP software 

are using, lack of 

international 

application, require 

dedicated 

construction 

systems  

Lack of portfolio 

strategy, clear 

instruction for every 

product, but no 

portfolio description 

or virtualization like 

the automotive 

industry, product 

ownership is clear, 

high dependency on 

individuals, no solid 

portfolio 

description, limited 

product life cycle 

stages  

The data hub exists, 

data process and 

ownership are clear, 

the data strategy is 

clear and, but best 

practice usage is still 

missing, the PMBOK 

system is established, 

the cloud system is 

used in limited 

conditions, problems 

with the operator and 

data validity, 

impossible to use 

original international 

software, free or paid 

versions 

Using drones to 

take videos, and 

photos of 

products, they 

have 3d modeling, 

no digital twin, 

they use common 

file formats, they 

outsource 3D 

modeling, very 

limited marketing 

activity, and 

virtual model of 

business process 

limited to 2D 

chart. 

Few usages of 

virtual models in 

marketing, data-

related products 

are in the virtual 

model is describe 

product and its 

features, and 

management of 

the model is 

provided 

Case B Good integration 

with IT systems, 

available ERP 

Defined sufficient 

instructions for the 

product portfolio, 

Data strategy is 

improved in last two 

years, data process is 

Wide range file 

format, good BIM 

modeling in high 

Enough data is 

included in the 

virtual model; 
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applications and 

systems designed in 

the company, 

unable to connect 

with International 

ERP systems due to 

sanctions   

lack of portfolio 

describe the 

structure 

good until further 

usage, good data 

storing, and final 

books are very 

comprehensive, new 

data strategy takes 

time to be productive, 

sanctions prevent 

using robust software, 

so they exposed to 

cyber-attack and local 

applications are not 

that safe 

LOD, clint 

presentation is 

sufficient for 

them, just 2D 

chart for business 

modeling, no 

digital twin 

Teams available 

for managing 

virtual models, 

data-related 

products are in 

virtual model and 

final book, even 

supplier 

information 

Case C Integration 
available with IT 
system, Iranian 
ERP systems 
utilized, ownership 
of processes is 
defined and monitor 
by IT system, still 
missing a good 
international 
application in ERP 

Defined, sufficient 
instructions for 
production process, 
weak portfolio 
structure 
visualization, 
owners of product 
are clear, lack of 
portfolio strategy, 
product life cycle is 
limited to contract 
duration 

 

Lack of data strategy, 
data process is good 
until further usage, 
trouble with data 
related to construction 
equipment and its 
maintenance, 
company’s priority is 
not data strategy, data 
ownership and storing 
is sufficient, employee 
resistance to new 
digital way of doing 
work 

 

Lack of process 
modeling, only 
2D, clint 
presentation is 
sufficient for 
them, common 
file format, using 
BIM software, 3D 
max for clints, no 
digital twins,  

 

Enough data 
included virtual 
model; 
management of 
model require 
dedicated team, 
simple virtual 
product modeling, 
transaction data is 
in BIM model 

 

Case D Business processes 

and their ownership 

are clear, integrated 

with IT is limited to 

share folder in local 

system and 

documentation is 

both digital and 

physical, no suitable 

ERP application, IT 

system is weak 

instead too much 

social media usage 

Product portfolio is 

clear, they had 

defined description 

both commercially 

and technically, but 

it was old not 

updated so they 

don’t have 

consistent way to 

describe it, main 

source of income is 

water facilities 

product, every 

product has owner 

and special 

requirements are 

defined and clear, 

product life cycle 

duration is limited to 

contract,  

data stored in the 

server and HDD also 

physically in archive 

room, data process is 

clear, one problem 

with the local software 

is they are 

discontinued after a 

while an international 

sanction doesn't allow 

to use professional 

ones, company 

financial problem for 

data strategy, 

construction products 

are not as clear as 

other products, 

definitive data by 

nature is few, lack of 

data related site place 

and other data owners 

don’t give their data 

due to competition, 

virtual model of 

business process 

is presented by 

PowerPoint and 

pictures, the lack 

of 3D model of 

product, 2D 

AutoCAD plans 

are common, no 

sign of digital 

twins, common 

file formats, 

physical model of 

product are very 

usable, rare using 

3D modeling in 

company of their 

products 

IT department 

managing virtual 

product some 

details like 

priority of 

projects and 

supplier are 

provided, 

impossible to 

bring up money 

related data in 

virtual product 

because of 

inflation and 

misleading clints, 

managing virtual 

product is weak 
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distant production 

place data are weak, 

Case E Every process and 

subprocess have 

owners, they are 

linked to IT and 

integrated by tree 

structure 

organization, using 

Iranian ERP 

application is not 

that promising  

Portfolio is clear for 

the contractors in 

Iran, they have clear 

product 

requirement, the 

description of 

product portfolio is 

provided, products 

and main source of 

income is clear, no 

product life cycle 

managing,  

  Lack of data 

supervision and 

validity, using expert 

employees is required, 

inventory data is not as 

crucial as other 

industries, data 

ownership is clear, and 

software’s strong, 

annually paid much 

for them, data process 

need to be faster with 

validation, for 

production site data 

are not fluent and 

accurate enough, no 

data strategy, future 

using of data is not 

considered by the 

company 

Although 

powerful PC is 

available, no 

operators exist to 

use it, lack of 3D 

model and 

rendering are 

existed, expert 

operator is 

needed, 2D model 

is available, 

picture and video 

also, no digital 

twin, common 

format for product 

model 

The model of the 

product is created 

by outsourcing. 

Also, in the 

company, 

sometimes, the 

CEO gives 

feedback about 

the product 

model, and 

primary data are 

in a virtual model 

like dimension 

and location, etc., 

Case F Being both client 

and contractor, 

marketing process 

more other 

contractors, the 

importance of social 

media applications 

in the Iranian 

construction 

company, lack of 

ERP and IT 

department, they 

use MS project and 

primavera. 

Doing bossiness in 

real state, marketing 

and constructing 

altogether, having 

commercial and 

technical product 

detail because they 

are doing both 

construction and 

selling, PLM is 

under supervision of 

product owner, lack 

of a structured way 

to describe product 

portfolio 

description, product 

ownership is clear. 

Data-related finished 

works, and under-

developing processes 

are definitive, and data 

strategy is simple, 

with no sign of 

knowledge storage. 

Hard-to-use best 

practices and past 

knowledge, unlike 

other industry reasons, 

is the nature of 

construction projects. 

The company has a 

data hub in the office. 

Product data is slightly 

clear, but it is hard to 

monitor data 

processing in the 

absence of a suitable 

data integration 

application; social 

media "seen" option as 

a data usage 

monitoring 

Virtual products 

used in 

exhibitions, no 

digital twin, 3D 

max only, 2D 

chart of the 

business process 

exist and printed 

versions, the 

common file 

format for the 

product model 

The technical 

information will 

attach to the 

virtual product, 

the role of the 

engineering team 

in managing 

virtual product 

information, the 

lack of a dedicated 

process for virtual 

model creation 

and management 
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Case G Install network 

antenna themselves 

in some cases, social 

media usage as 

means of 

communication and 

integration, process 

ownership is clear, 

lack of sufficient 

ERP application and 

task managers exist, 

and it is not 

company’s priority.  

  

  

Lack of product 

portfolio 

description, data 

exist in the mind of 

managers not stored 

in data base, product 

ownership is clear, 
they have internal 

QC and QA, limited 

product life cycle 

management  

They Document even 

their mistakes. Data 

storage is both 

physical and recently 

digital (scanned 

documents). Hard to 

get definitive data. No 

cloud storing. Limited 

data supervision and 

process monitoring. 

The challenge of linear 

project data creation 

and communication. 

Dedicated person 

for product data 

documenting and 

management in a 

recent project, no 

virtual business 

process, even 2D, 

animation, and 3D 

and physical 

models exist, 

some file formats 

related to 

topography and 

GIS software. 

Air rendering data 

related to product 

and possible 

obstacles, not 

definitive data in 

the 3D model, 

lack of virtual 

product 

management, 

requires company 

attention for 

virtualization, no 

sign of marketing 

need or attempt 

for the customer 

rather than 

government 

 

3.9 The current stage of the Iranian construction company 

Business processes in Iranian construction companies are fully linked with IT systems; 

they have owners. In the absence of solid international applications, national software did 

the job and sufficient ERP applications integrated processes with the IT and each other. 

All documentation nowadays is transferred and signed digitally. The paper version is also 

stored in the archive office for possible claims and other legal needs. Figure 12 shows the 

current model of Iranian construction companies toward IOM.  

Figure 12.  The current model of Iranian construction companies  
 



 

 65 

Companies suffer from both international sanctions and national economic problems. All 

in all, they know their portfolio because of the government program organization and 

defined section works, and according to these branches, companies are allowed to 

participate in tenders. First, they have to earn the required rank in desired fields of work; 

the most popular tender branches are building, water facilities, oil and gas, road and 

tunnels, and mining. The product life cycle in contractor companies is started with finding 

a tender and ends with the delivery of projects. All product requirements are well-defined 

and have routine instructions; however, oil and gas projects are more complicated. 

Product portfolio description exists in companies but differently, for example, in the 

automotive industry, as the products are very few simultaneously. Every product has the 

owner in the name of the project manager responsible for the products. 

Every data process is straightforward for companies. Because of covid-19, now every 

company uses more digital data communication. Data is now created fast and transferred 

quickly by the internet. Because of sanctions, Iranian companies mostly use social media 

application for their business process, and their cloud storage help store data temporarily. 

No sign of a dedicated application to transmit data with mobile; however, web 

applications are mostly local, which to-do for tasks are utilized. Every company has a 

data hub, and cloud storage has yet to be seen in companies. Their main challenges are 

internet speed, especially uploading, and international sanctions. Also, they report that 

data operators resist digitalization, resulting in data validation problems in project sites 

with fewer expert employees.  

Companies need more business process modeling, just a 2D chart of the process, which 

needs to be more specific. There was no sign of using digital twin in any company, Revit 

3D modeling is new, and only some have it, but some cases did it in a very high level of 

detail. The file format used in companies for virtual products are mostly the same as 

software same office formats, 3D max and Revit, and AutoCAD is widespread. Product-

related data in the virtual model mainly refers to the product's shape, location, and 

purpose. Because of the high amount of inflation in the country, using transaction data is 

not considered reasonable. Most of the modeling is outsourced and managed by the IT 

system with the supervision of the engineering team. 
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4 THE DEVELOPMENT MODEL FOR IRANIAN 
CONSTRUCTION COMPANIES TOWARD IOM 

What is required is the company's warranty for up to one year. None of these projects are 

operated by the company. After the completion of the contract, they will send a request, 

the project is finished, and the client will introduce the operating team for the transmission 

phase. After fixing the defect for one month, the letter of remedying the defect signed by 

the employer, the one-year warranty, or the period guaranteeing the excellent 

performance of the work will start. They guarantee up to one year and sometimes two 

years, depending on the type of contract. After one year, the defects were presented and 

fixed again, and finally, the complete project was delivered. The amount of good work is 

finally released, which is about 10% of the project amount. 

There is no maintenance, and repair-related business processes in the Iranian construction 

company observed. There is only maintenance of their assets, like construction 

equipment, exists in their business process. The life cycle of the projects if we consider 

projects as products, the life cycle ends for a company with delivery to clients. They do 

not have any obligation for products, unlike an industrial company that has to provide 

spare parts and a limited-time guarantee and software support. 

The contractor company has taken part in the production stage, so if we want to look at 

the product lifecycle, from the initial position and planning to destruction and rebuilding, 

we have to consider the clients and contract owners besides contractors or builders. If the 

clients are not ended users, the operation stage is in the hand of another stakeholder. They 

have to consider it too. For this matter, a developed model for Iranian construction 

companies is in figure13. In this model, contractors are in cooperate with employers and 

designers, providing more efficient production and productive construction processes. 

The difference between this model and the current model in figure 12 shows the change 

in place of contractors and the increase amount of its contribution to productization in the 

construction industry. 
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Figure 13.  The developed model of Iranian construction companies toward IOM 
 

The product's life from a contractor's point of view is last until the time of the contract; 

the production time is the product's life cycle. They consider that according to that time, 

the suggestion is adding contractors and producers to the product cycle from beginning 

to end. Suppose Company F is both clients and contractors. In that case, they have a better 

product lifecycle stages definition and management, so the more companies involved in 

the life cycle of a product, the more they care about their products, and the more profits 

will come to them. Only contractors are involved in a project's construction stage, which 

brings less responsibility for the project. Consider a dam built in Iran where the contractor 

did his job, but the actual project was wrong, and the dam was built in the wrong place, 

so the entire water got salty and dried a vast area which led to catastrophic. 



 

 68 

Other elements related to IOM are marketing and sales, which are very pale in current 

construction companies. According to the interview, contractors do not need to 

communicate with consumers that much. They do not need extra advertisement and 

marketing processes, as they do not involve in selling, renting, or other matters related to 

the product. In Iran's developed model, Iranian construction company contractors will 

interact with their employers regarding selling and marketing. This research proposed 

contractors involved in marketing and sales and divided profits with an employer 

according to selling the product. It does not matter if the product is a dam or a residential 

building. There is always a marketing chance. For example, a dam will provide tourist 

visitors and scenery which brings people and some facilities for tourists like restaurants 

and supermarkets, or even gas station contractors can advertise and provide displays 

marketing after construction is completed. This brings opportunities for both clients and 

contractors. Suppose the contractors are aware of their existence after the construction is 

complete. In that case, they do a faster and better job and provide a brilliant idea as they 

are construction experts and have executive experience. 

In this developed model, contractors' business processes consist of tendering and portfolio 

management, which allows them to select day portfolios carefully and provide a 

consistent and structured product portfolio description. With product portfolio 

management, contractors can select the best possible projects for themselves, and as a 

result, their revenue process will increase. One of the significant absent in the contractor's 

data related to IOM was virtual product and visualization. With solid marketing and sale 

process, their virtualization and modeling will improve. According to this developed 

model, the contractor's PLM and PDM systems worked better and more effectively. 

Another issue related to IOM in an Iranian construction company is product lifecycle 

management, which with this new model, they can add this process to their business 

processes. According to this new model, product lifecycle management is an inevitable 

part of their business process and works as a system to provide them integrity in their 

business processes. Managing the product life cycle will reduce the mistakes, errors, and 

possible redoing or extra work during the construction and make it possible for them to 

enter product marketing and sales while cooperating with their employer.   

In construction projects, no one can be 100% sure about the following data as the project's 

environment is built in nature, and natural interaction always has its uncertainty, whether 
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during the work or unexpected phenomenon. Data from the location and supplier of the 

area needs to be included in some places; many companies need more data. They spend 

money and time to gather these data for their projects and estimate the price for tendering. 

On the other hand, they did not give this information to other companies, so the local 

government data center should solve this problem to reduce pressure from the company 

for data creation. Data strategy is defined in all companies as the data is fed for project 

movement. They know the data-related act in every stage of the product, like tendering 

and planning or engineering and production. Also, every company has data storage 

internally in HDD and server for employee access.  

Formatting and exporting data to the new ERP software is challenging if the company 

uses local and not professional ones. International sanctions and internal filtering do not 

allow companies to take benefit of the best ERP and other business process operation 

systems. 

 Financial-related data is not usable in virtual products because of inflation. The numbers 

need to be clarified with an equal present value. This kind of information will miss leading 

clients who try to interact with the following company. As much as the information is in 

accordance with reality and leads to the right decision, it helps the companies. So, they 

should avoid transaction data in the virtual product as much as possible. In product 

portfolio management in construction, companies are trying to evaluate the clients and 

the location of the projects. They are critical factors as some clients have bad reputations. 

The site location and importance of the projects affect the data quality and validity. The 

more projects close to big cities and have access to good internet and facilities, and the 

data are more reliable and qualified. Also, companies have to care about data and provide 

justification for the project for the employee. They must be aware of data's importance 

and effect on other business processes. The more the companies have a better IT 

department, the better IOM implementation and understanding of the productization. As 

we discover, automation and data flow are smoother in these companies, clouding is used 

for storing and sharing data, and task manager systems are used at a productive level. 

Also, the critical point is the relation between the level of IT integration and company 

prosperity.  
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The best IT systems and ERP applications belong to wealthier companies. Every product 

ownership in the construction industry is not a problem in Iranian construction companies. 

Data-related products also have owners, as each piece of data is necessary for the 

following action. Owners must be sure about their data creation. As construction 

production always comes with uncertainty and even early contract plans change, so 

definitive by nature data are limited to the ultimate purpose of the product and the answer 

to client needs. Like building a dam in place, location and purpose are definitive, but other 

related data could be changed by further research and during the production life cycle. 

They try to magnify the work and claim for a higher price the more production takes time, 

and they justify the delay so they can claim more money. That is a strong reason for 

adding contractors to the project's life cycle. Every process and subprocess in construction 

companies have owners. Because of the law and the importance of construction projects 

in the aspect of cost and danger to life, their people always have to be aware of the process 

of ownership and data validity. People who sign the document and give permission for a 

process are responsible for it, and in case of problems, the authority will ask them. Most 

companies did not have defined product portfolio structures, the topic of portfolio 

management was not well defined, and a lack of knowledge was evident. The more 

companies have higher quality standards and iso and effective operation systems, the 

higher they get in tendering technical scores. So, it is essential and brings competitive 

advantages for companies to have IOM systems as much as possible. 

Now according to the developed model in figure 13, this research can answer the research 

question: what is the developed model of IOM for Iranian construction companies? 

The missing chain in the Iranian construction company towards IOM is that they are not 

evolving the product life cycle process and do not have any product portfolio structure 

for their products. The contracting business process does not make the need for 

involvement in the life cycle of projects and makes structure hierarchy for their product 

result is producing a product and end. The data strategy is new in some companies, and 

others do not have any; the purpose of using present and past knowledge for the future is 

very new and has many ways to improve. Data strategy has to be predefined for every 

construction company in Iran.   
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The more the company is involved in the product's life cycle, the product; higher the 

benefit will come for the company as the business is not ended. Care, maintenance, 

repairing and rebuilding and operation and toll, etc. Definitive data in the construction 

industry consider as what is done unless there is a chance to change it. So, one big 

difference between the construction industry and other industries is the amount of 

definitive data. Internet speed and data limitation are other challenges for Iranian 

construction companies; they are facing plodding uploading speed and total data 

limitation, leading to reduced data quality. 
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5  DISCUSSION AND CONCLUSION  

5.1 Main contribution 

Three research questions were considered to reach the developed model for Iranian 

construction companies toward IOM. The first research question is Identification the main 

elements of IOM in the construction industry. To answer this question, which is the 

backbone of our study, we got deep into a literature review. We synthesized the result 

related to the industrial operation model, which promises improvement like other 

influential industries like the automotive industry. Also, we used to experience the Toyota 

production system (TPS) and its best practices and systems for this matter. The sentences 

provided in table 1, with main concepts elements of IOM and IOM sections. For gathering 

empirical data, we have to create a semi-structured interview with some Iranian 

construction companies as the case study. This helps us to provide the interview questions 

(Appendix 1) based on the five sections of the Integration business process, Product 

portfolio, Data management (creating, storing, and use of data), Virtualization and 

modeling, and Product-related data marketing. 

The second research question in this study is: what is the current situation of Iranian 

construction companies according to elements of IOM?  

To answer this question, we used data from research question 1, to create semi-structured 

interview questions in five sections and 30 questions for this qualitative research. The 

interview was held in seven major Iranian construction companies that worked as 

contractors. Their expertise and experience covered the field of road rail, bridge water 

facilities, buildings, oil and gas, and tunnels. On average, every interview was held for up 

to two hours and recorded and translated into English. According to the answer to research 

question 2, figure 11 demonstrate the current state of Iranian construction company 

towards IOM. In this market, contractors suffer from international sanctions related to 

professional software and ERP applications. Also, because of the nature of the tendering 

market, Dave does not need to have a good marketing and sales business process. Data 

product portfolio management was a primary and high dependency on individuals. Their 

data strategy needed more knowledge management and storing best practices; despite two 

companies, case B and G, that provide knowledge storage, others suffer from this 
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industrial engineering best practices system. However, the high dependency of companies 

on social media software was exciting and demonstrated the impact of COVID-19 and 

their business processes during the last two years. Product lifecycle management lasts up 

to two production phases, which prevents contractors from the benefit from product 

design and its operation. 

According to research question 2, the developed model for an Iranian construction 

company is provided in figure 12. in this model, contractors contribute with the employer 

and designer until the end of the product life cycle. Tendering and product portfolio 

management are the first business processes to reach the signal from the employer, in the 

other word NPD. the last business processes, the construction process and sailor 

marketing process, interact with the employer; meanwhile, all of these business processes 

parallel connect to PDM/PLM systems into the IT department. In this developed model, 

contractors take advantage of the intense product portfolio process, PDM/PLM, and 

marketing and sales alongside the construction process. this will increase the company 

tasks and works and provide revenue and more contribution, which will lead to better 

alliance contracts. 

5.2 Validity and reliability 

It is possible to define reliability as constancy. If one researcher uses one approach and 

another uses the same method under the same conditions, then the results should be the 

same for both. According to Neuman (2003), validity indicates reliability and evaluates 

how well a concept aligns with reality. Construction validity, internal validity, and 

external validity are the three tests used to assess the reliability and accuracy of a case 

study's findings Yin (2009). In assessing the quality of this study, we focused on four 

main areas: 

1. Reliability 

2. Construct validity  

3. Internal validity  

4. External validity  
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Reliability 

Due to the utilization of many databases throughout the literature search, the danger of 

losing crucial data was avoided. However, the information and data utilized in this study 

were obtained from peer-reviewed sources and business databases. Another study with 

the same objectives likely yielded comparable results. This research utilizes a wide range 

of materials and scientific papers to provide a solid background for its research questions. 

The literature review provides basic knowledge about industrial operation models, 

introduced in articles by Annunen & Haapasalo(2022), and in their paper, they fully 

discussed Finnish companies. So as a backbone of this research, here we use more 

scientific articles to cover the Iranian construction industry with IOM. As the papers, 

articles, books, and materials are tried to be strong and peer-reviewed, other researchers 

with the same research approach will get a similar result for the Iranian construction 

company's developed model toward IOM. If the inductive context of this research is 

considered, repeatability is demonstrated, as the interested person can replicate the 

computations. All of these factors add favorably to the research's credibility. 

Construct validity 

In this study, the research objectives have been successfully attained. To this end, the 

research questions are categorized so that the questionnaire does not provide incorrect 

information. On the other hand, the questions direct the respondent is toward proper 

responses. During the interview, the interviewer did not affect the interviewee's thinking, 

and all the interview information pertained to the interviewer. In circumstances where the 

questioner did not comprehend the questions, the correct course of action was determined 

by offering explanations that made the ideas of industrial engineering for construction 

enterprises intelligible and comprehensible. This questionnaire is achieving the desired 

objectives to a great extent. The respondents in this study were careful not to offer 

inaccurate information. When it was determined that respondents were providing careless 

responses, we notified them by re-asking the question. 

Due to the questioner's expertise and experience in the area of construction businesses, as 

well as his information and understanding of industrial engineering, a common language 

was established between these two industries and disciplines of study, and they could 
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communicate effectively. Therefore, the results are assumed to be highly precise and 

deserving consideration. With the findings of this survey, it is anticipated that the 

developed model of the construction industry would greatly benefit this business and 

serve as a guide for researchers who wish to continue their work in this field. 

Internal validity 

However, conclusions are made based on the results of the current state analysis. These 

conclusions were constructed based on the researcher’s understanding and ability on the 

subject matter. This, itself, would reduce the validity of the research. Still, the findings 

were scrutinized by other academic community members and aligned with literature 

review results, reducing this adverse effect.  

This study is alongside with Annunen and Haapasalo (2022) due to business process 

change requirements in construction companies in portfolio management and data 

strategy. Also, aligning with Mansoori et al. (2022), productization in construction 

companies is considered a way of increasing productivity and closing to efficient 

industries like automotive. 

External validity  

The ability to extrapolate study results to other situations is what we mean when we talk 

about the external validity of a study. Cases are chosen for their unique operational style, 

and the research, methodologies, and analysis reflect this. Since the empirical data was 

collected from the databases of seven different companies, the findings of this study can 

be extrapolated to a broader population. There is a high degree of consistency between 

the answers supplied by the examples, suggesting that other firms in the construction 

sector likely function similarly and that the same conclusions may also be relevant to 

them. According to the interview reports, the amount of similarity in answers refers to a 

suitable amount of case study which covers nearly all the industry, from whom expert in 

building road and railway, towers, and water facilities and those who have experience in 

oil and gas fields were in the questioner. So, this sturdy nearly covers all possible work 

section companies among Iranian construction companies. Consequently, if the firm is a 

contractor in the Iranian construction sector, the interview results will likely mirror those 

of the research. 
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5.3 Limitations and future research  

This study was conducted by interviewing Iranian construction companies. Some 

companies, which are also significant, did not allow for interviews; they told their 

organization data are confidential. These kinds of companies are mostly connected to the 

public sector. Even Companies that cooperated were struggling with giving these 

sensitive and deep answers because questions were deep into their business process and 

portfolio management. Another problem regarding the interview was that the 

questionnaire was in the language of industrial engineering terminology, which should be 

carefully translated into construction engineering language and mostly the contractor's 

point of view. Also, these topics are novel to Iranian construction companies that demand 

simplification and localization of terminology. 

The most critical part of this interview was that the questionnaire was in English, and the 

thesis was also in English, but the interview was in Persian, which required translation. 

So first, translating the questionnaire into Persian is required, then holding the interview 

and recording it, then translating the interview description word by word, which demands 

hard work. There was a complicated situation for Iranian construction companies 

regardless of international sanctions and the country's dire economic situation, which 

affected their workflow and business processes. So, in better conditions and open 

international presence, the interview result may differ from this current situation, which 

would be an option for further research. 

This research covered vast topics regarding IOM, including PDM, PLM, PPM, marketing, 

sales, and business process management. It looks at the construction industry through the 

glass of industrial engineering management. According to the Iranian construction 

companies survey, the topics related to Data ownership, internet coverage, international 

open market, marketing, knowledge creation, and new AI and machine learning tools in 

the DCC proposed to prospective researchers interested in this research. The topics are: 

- NFT (Non-fungible token) in construction and data ownership, construction data 

and plans or knowledge sell through NFT systems and provide value for the 

company. Like a blueprint map of specific data. This paper suggests researcher 

works on data ownership with blockchain and NFT. Companies can use NFT for 

their data and plans and sell them through online markets. Like a brilliant design 
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of a mansion that the company design and sells as an NFT. Also, companies can 

sell their knowledge and experience through NFT and encrypted data. 

- According to this research, the role of social media applications like WhatsApp 

and telegram was powerful and effective. one possible future research could be 

the role of social media applications in construction companies or their business 

processes. Measuring the effectiveness of social media applications in the 

digitalization of construction companies also can identify their alternatives in case 

of their absence. 

- AI (Artificial intelligence) for knowledge creation for construction, consider 

storing data in a company data center. Their knowledge gets more and more by 

AI and machine learning, solving unsolved problems, etc. Future research could 

include AI and machine learning in the construction industry data management, 

business processes, and productization. 

- Comparing Iranian construction companies with other countries with open 

markets and the presence of international software, observing how change is 

happening in the new model, and comparing challenges and priorities. 

- Marketing in construction companies whose main client is government and work 

only through tendering. Challenges and how to make it effective. Research can 

help virtual and figurative product modeling become valuable and effective for 

construction companies, especially contractors. 

- Role of satellite internet and how it affects the construction industry in case 

communication and data management. Satellite internet could be an option for 

Iranian construction companies regardless of legal issues. Construction 

companies whose project site is in a deprived and outlying area where network 

coverage for the Internet is very weak can be prospective customers of this idea. 



 

 78 

REFERENCES 

Aapaoja, A., Herrala, M., Pekuri, A. & Haapasalo, H. (2013). The Characteristics of and 

Cornerstones for Creating Integrated Teams. International Journal of Managing Projects 

in Business, 6(4), 695 - 713.  

Abbaszadegan, A., & Grau, D. (2015). Assessing the influence of automated data 

analytics on cost and schedule performance. Procedia Engineering, 123, 3-6. 

Aiken, P., & Billings, J. (2013). Monetizing data management: Unlocking the value in 

your organization’s most important asset. Denville, NJ: Technics Publications.  

Annunen, P., & Haapasalo, H. (2022). Industrial operation model for the construction 

industry. International Journal of Construction Management, 1-10.  

Ayinla, K.O., Cheung, F. and Tawil, A.R. (2019), “Demystifying the concept of offsite 

manufacturing method: towards a robust definition and classification system”, 

Construction Innovation, Vol. 20 No. 2, doi: 10.1108/CI-07-2019-0064.  

Barbosa, F., Woetzel, J., & Mischke, J. (2017). Reinventing construction: A route of 

higher productivity. McKinsey Global Institute. 

Baumanns, T., Freber, P. S., Schober, K. S., & Kirchner, F. (2016). Bauwirtschaft im 

Wandel, Trends und Potenziale bis 2020. München: Studie Roland Berger GmbH. und 

UniCredit Bank AG. 

Beltramello, A. Haie- Fayle,L. Pilat, D., 2013. Why New business models matter for 

green growth, Paris  

Bilal, M., Oyedele, L. O., Akinade, O. O., Ajayi, S. O., Alaka, H. A., Owolabi, H. A., ... 

& Bello, S. A. (2016). Big data architecture for construction waste analytics (CWA): A 

conceptual framework. Journal of Building Engineering, 6, 144-156. 

Björk, B.-C. (1989). “Basic structure of a building product model.” Computer Aided 

Design, 21(2), 71–78 



 

 79 

Borrmann, A., Schorr, M., Obergriesser, M., Ji, Y., Wu, I-C., Günthner, W., Euringer, T., 

and Rank, E. (2009) "Using Product Data Management Systems for Civil Engineering 

Projects - Potentials and Obstacles". Proc. of the 2009 ASCE International Workshop on 

Computing in Civil Engineering; Austin, TX, USA 

Boton, C., Rivest, L., Forgues, D. and Jupp, J.R. (2018), “Comparison of shipbuilding 

and construction industries from the product structure standpoint”, International Journal 

of Product Lifecycle Management, Vol. 11 No. 3, p. 191.  

Boton, C., Rivest, L., Forgues, D., & Jupp, J. (2016). Comparing PLM and BIM from the 

product structure standpoint. In R. Harik, L. Rivest, A. Bernard, B. Eynard, & A. Bouras 

(Eds.), Product lifecycle management for digital transformation of industries (pp. 443–

453). Cham, Switzerland: Springer.  

Boton, C., Rivest, L., Forgues, D., & Jupp, J. (2016). Comparing PLM and BIM from the 

product structure standpoint. In R. Harik, L. Rivest, A. Bernard, B. Eynard, & A. Bouras 

(Eds.), Product lifecycle management for digital transformation of industries (pp. 443–

453). Cham, Switzerland: Springer.  

Bryde, D., Broquetas, M., & Volm, J. (2013). The project benefits of Building 

Information Modelling (BIM). International Journal of Project Management, 31, 971–

980.  

Capgemini Consulting, 2011. Business Model Innovation, 

Castaldi, M., Sugano, D., Kreps, K., Cassidi, A. and Kaban, J. (2016), Lean philosophy 

and the public hospital, Perioperatic Care and Operating room management, Vol. 3, pp. 

25 – 28 

Cerovsek, T. (2011). A review and outlook for a ‘Building Information Model’ (BIM): A 

multi-standpoint framework for technological development. Ad- vanced Engineering 

Informatics, 25(2), 224–244.  

Chesbrough, H. W., Rosenbloom, R.S., 2002. The role of the business model in capturing 

value from innovation: evidence from Xerox Corporation’s technology spin‐off 

companies. Industrial Corporate Change, 11(3), pp.529– 555.  



 

 80 

Chesbrough, H.W., 2010. Business model innovation: Opportunities and barriers. Long 

Range Planing, 43, pp.354–363.  

CIMdata. (2001). Collaborative product definition management (cPDm): An overview of 

a collaborative approach to managing the product definition lifecycle. Ann Arbor, MI: 

CIMdata.  

CIMdata. (2001). Collaborative product definition management (cPDm): An overview of 

a collaborative approach to managing the product definition lifecycle. Ann Arbor, MI: 

CIMdata.  

Cooper, R.G., Edgett, S.J., & Kleinschmidt, E. (1997). Portfolio management in new 

product development: Lessons from the leaders- II. Research Technology Management, 

40(6), 43-52.  

Crute, V., Ward, Y., Brown, S., & Graves, A. (2003). Implementing Lean in aerospace—

challenging the assumptions and understanding the challenges. Technovation, 23(12), 

917-928. 

Culig, M. H., Kunkle, R. F., Frndak, D. C., Grunden, N., Maher Jr, T. D., & Magovern 

Jr, G. J. (2011). Improving patient care in cardiac surgery using Toyota production system 

based methodology. The Annals of thoracic surgery, 91(2), 394-399. 

Das, T. K., & Mishra, M. R. (2011). A study on challenges and opportunities in master 

data management. International Journal of Database Management Systems, 3(2), 129–

139.  

Ding, C. and Kohli, R. (2021), “Analysis of a building collaborative platform for Industry 

4.0 based on Building Information Modelling technology”, IET Collaborative Intelligent 

Manufacturing, Vol. 3 No. 3, pp. 233-242  

Dubois, A. and Gadde, L.-E. (2002), “The construction industry as a loosely coupled 

system: implications for productivity and innovation”, Construction Management and 

Economics, Vol. 20 No. 7, pp. 621-631.  



 

 81 

Eastman, C., Teicholz, P., Sacks, R. & Liston, K. (2008). BIM Handbook: A Guide to 

Building Information Modeling for Owners, Managers, Designers, Engineers and 

Contractors. John Wiley & Sons, Hoboken.  

Eastman, C., Teicholz, P., Sacks, R. & Liston, K. (2011). BIM Handbook: A Guide to 

Building Information Modeling for Owners, Managers, Designers, Engineers and 

Contractors. Wiley. Kindle Edition. Location 484. 

 EL MASRI, J. A., & Matkó, A. (2022). The importance of Toyota Kata in organizational 

development and sustainable improvement. Network Intelligence Studies, 10(19), 35-51. 

Eynard, B., Gallet, T., Nowak, P., & Roucoules, L. (2004). UML based speci- fications 

of PDM product structure and workflow. Computers in Industry, 55(3), 301–316.  

Farmer, M. (2016), The Farmer Review of the UK Construction Labour Model; 

Modernise or Die, London, United Kingdom, available at: 

www.constructionleadershipcouncil.co.uk/wp-content/ uploads/2016/10/Farmer-

Review.pdf  

Friedrich, R., Groene, F., Koster, A., Maekelburger, B. (2013) The 2012 industry 

digitization index. Strategy&Press Room. Retrieved from: 

http://www.strategyand.pwc.com/media/. [1 Dec 2018]  

Fulford, R., & Standing, C. (2014). Construction industry productivity and the potential 

for collaborative practice. International journal of project management, 32(2), 315-326. 

Ghaffarianhoseini, A., Tookey, J., Ghaffarianhoseini, A., Naismith, N., Azhar, S., 

Efimova, O. & Raahemifar, K. (2017). Building information modelling (BIM) uptake: 

Clear benefits, understanding its implementation, risks and challenges. Renewable and 

Sustainable Energy Reviews, 75, 1046–1053.  

Goodier, C. and Gibb, A.G.F. (2007), “Future opportunities for offsite in the UK”, 

Construction Management and Economics, Vol. 25 No. 6, pp. 585-595.  



 

 82 

Gunzenhauser, M. and Bongulielmi, L. (2007), “Global product structure matrix: an 

integrated component of a variable process model for global platforms”, Presented at the 

International Conference on Engineering Design, ICED’ 07, Paris, France, pp. 1-12.  

Haapasalo, H. (2018). Käyttäjälähtöinen tiedonhallinta. In eds. Haapasalo H, Aaltonen K, 

Kähkönen K. & Saari A. 2018. Rakentamisen Integraatiomekanismit. Research reports in 

Industrial Engineering and Management, 1/2018. pp. 48-61.  

Haines S (2009) The Product Manager’s Desk Reference. USA: McGraw-Hill 

Professional  

Halttula, H., Haapasalo, H., & Silvola, R. (2020). Managing data flows in infrastructure 

projects-The lifecycle process model. Journal of Information Technology in Construction 

(ITcon), 25(12), 193-211. 

Hamidavi, T., Abrishami, S. and Hosseini, M.R. (2020), “Towards intelligent structural 

design of buildings: a BIM-based solution”, Journal of Building Engineering, Vol. 32, 

doi: 10.1016/j.jobe. 2020.101685.  

Hannila, H., Koskinen, J., Harkonen, J. and Haapasalo, H. (2019), “Product-level 

profitability: current challenges and preconditions for data-driven, fact-based product 

portfolio management”, Journal of Enterprise Information Management, Vol. 33 No. 1, 

pp. 214-237.  

Harkonen, J., Mustonen, E., & Haapasalo, H. (2019). Construction-Related Data 

Management: Classification and Description of Data from Different Perspectives. 

International Journal of Management, Knowledge and Learning, 8(2), 195-220. 

Harkonen, J., Tolonen, A, & Haapasalo, H. (2018). Modelling of construction products 

and services for effective productisation. Management, 13(4), 335–353.  

Harkonen, J., Tolonen, A., & Haapasalo, H. (2017). Service productisation: 

Systematising and defining an offering. Journal of Service Management, 28(5), 936–971.  



 

 83 

Hicks, C., McGovern, T., Prior, G., & Smith, I. (2015). Applying lean principles to the 

design of healthcare facilities. International Journal of Production Economics, 170, 677-

686.  

Jankovic, S., Mladenovic, S., Mladenovic, D., Veskovic, S., & Glavic, D. (2018). Schema 

on read modeling approach as a basis of big data analytics integration in EIS, Enterprise 

Information Systems, 12(8-9), 1180-1201. 

Jiao, Y., Wang, Y., Zhang, S., Li, Y., Yang, B., & Yuan, L. (2013). A cloud approach to 

unified lifecycle data management in architecture, engineering, construction and facilities 

management: Integrating BIMs and SNS. Advanced Engineering Informatics, 27(2), 173-

188. 

KHAN, M. A., & MUHAMMAD, D. I. (2022). Toyota Production 

System:“Epistemology of Paradigm shift in Japan”. GSJ, 10(2). 

KOF., 2017. Die europäische Bauwirtschaft boomt. Available at: 

https://www.kof.ethz.ch/news-und  

Kropsu-Vehkaperä H & Haapasalo H (2011) Defining Product Data Views for Different 

Stakeholders. The Journal of Computer Information Systems, Winter, 52, 2: 61-72.  

Kumar, R., Ajjan, H., & Niu, Y. (2008). Information technology portfolio management: 

Literature review, framework, and research issues. Information Resources Management 

Journal (IRMJ), 21(3), 64-87. 

Lahtinen, N., Mustonen, E. and Harkonen, J. (2021), “Commercial and technical 

productization for fact- based product portfolio management over lifecycle”, IEEE 

Transactions on Engineering Management, Vol. 68 No. 6, pp. 1826-1838.  

Lander, E., & Liker, J. K. (2007). The Toyota Production System and art: making highly 

customized and creative products the Toyota way. International journal of production 

research, 45(16), 3681-3698. 



 

 84 

Lans, R.F. (2012). Data Virtualization for Business Intelligence Systems. Revolutionizing 

Data Integration for Data Warehouses, Elsevier, Morgan Kaufmann Publishers in an 

Imprint of Elsevier, Waltham, MA, USA. 

Liang, K., Fan, D., Tang, L., Cao, Y. and Zheng, K. (2010), “VPDM-based product 

structure data exchange”, International Conference On Computer Design and 

Applications, Qinhuangdao, China, pp. V2-255-V2-258.  

Liker,  J.  K  &  Franz,  J.  K.  (2011).  The Toyota  way  to  continuous  improvement. 

New York. McGraw-Hill. 

Liker, J. K. (2004). The Toyota Way: 14 Management Principles from the World's 

Greatest Manufacturer McGraw-Hill Education.  

Liker, J. K., & Meier, D. (2006). Toyota way fieldbook. McGraw-Hill Education. 

Linner, T., & Bock, T. (2012). Evolution of large-scale industrialisation and service 

innovation in Japanese prefabrication industry. Construction Inno- vation, 12(2), 156–

178.  

Liston, D. E., Richards, M. J., & Karl, H. W. (2017). Adapting the Toyota production 

model to teach systems-based practice to anesthesiology fellows. Journal of clinical 

anesthesia, 38, 87-88. 

Loshin, D. (2001). Enterprise Knowledge Management: The Data Quality Approach. 

Academic Press, Morgan Kaufmann Publishers.  

Love, P., Edwards, D., Irani, Z. (2008) Forensic project management: an exploratory 

examination of the causal behavior of designinduced rework. IEEE Transactions on 

Engineering Management, 55(2), 234–247.  

Malerba, F. (Ed.), 2004. Sectoral systems of innovation: concepts, issues and analyses of 

six major sectors in Europe. Cambridge University Press, New York, N.Y 

Malesev, S., & Cherry, M. (2021). Digital and social media marketing-growing market 

share for construction SMEs. Construction Economics and Building, 21(1), 65-82. 



 

 85 

Mansoori, S., Harkonen, J., & Haapasalo, H. (2022). Productization and product structure 

enabling BIM implementation in construction. Engineering, Construction and 

Architectural Management. 

Maskuriy, R., Selamat, A., Maresova, P., Krejcar, O., & David, O. O. (2019). Industry 

4.0 for the construction industry: Review of management perspective. Economies, 7(3), 

68.  

Mason, J. (2004), “Semistructured interview”, The SAGE Encyclopedia of Social Science 

Research Methods, 2nd ed.  

Morris,M., Schhindehutte, M., and Allen, J., 2005. The enterpreneur’s business model: 

Toward a unified perspective. Journal of Business Research, 58, pp.726–35. 

Munawar, H. S., Ullah, F., Qayyum, S., & Shahzad, D. (2022). Big Data in Construction: 

Current Applications and Future Opportunities. Big Data and Cognitive Computing, 6(1), 

18. 

Neff, G., Fiore-Silfvast, B. and Dossick, C.S. (2010), “A case study of the failure of 

digital communication to cross knowledge boundaries in virtual construction”, 

Information, Communication and Society, Vol. 13 No. 4, pp. 556-573.  

Neuman, W. L. (2003) ‘Social research methods: Qualitative and quantitative approaches 

(5. baskı)’, ABD: Ally and Bacon.  

Ng, M.S., Bonanomi, M.M., Hall, D.M. and Hackl, J. (2020), “Design for digital 

fabrication: an industry needs analysis of collaboration platforms and integrated 

management processes”, Presented at the Proceedings of the 37th International 

Symposium on Automation and Robotics in Construction, ISARC 2020: From 

Demonstration to Practical Use - to New Stage of Construction Robot, pp. 318-325.  

Oraee, M., Hosseini, M.R., Edwards, D.J., Li, H., Papadonikolaki, E. and Cao, D. (2019), 

“Collaboration barriers in BIM-based construction networks: a conceptual model”, 

International Journal of Project Management, Vol. 37 No. 6, pp. 839-854.  



 

 86 

Osterwalder, A. Pigneur, Y., 2005. Clarifying busienss models: origins, Present, and 

future of the concept Column. , 15(2005).  

Padma, R. S., Sawhney, A., & Borrmann, A. (2013). PRODUCT DATA 

MANAGEMENT SYSTEMS FOR THE BULK MATERIAL HANDLING 

CONSTRUCTION INDUSTRY. In Proc. of the RICS COBRA Conference 2013. 

Parviainen, A. (2014). Product portfolio management requirements for product data 

management. University of Oulu, Faculty of Technology, Industrial Engineering and 

Management.  

Paswan, A., 2018. Social media marketing strategies. Journal for Contemporary Research 

in Management, 1, pp. 8-12. 

Pavitt, K. (1984). Sectoral patterns of technical change: towards a taxonomy and a theory. 

Research policy, 13(6), 343-373. 

Pekuri, A. Pekuri L. Haapasalo, H., 2014. The Role of Business Models in Finnish 

Construction Companies, Oulu.  

Pekuri, A., Haapasalo, H. & Herrala, M. (2011). Productivity and performance 

management – managerial practices in construction industry. International Journal of 

Performance Measurement, 1(1), 39-58.  

Pekuri, A., Haapasalo, H., & Herrala, M. (2011). Productivity and performance 

management: Managerial practices in the construction industry. Interna- tional Journal of 

Performance Measurement, 1(1), 39–58.  

Pekuri, A., Pekuri, L. & Haapasalo, H. (2013). The Role of Business Models in 

Construction Companies. Australasian Journal of Construction Economics and Building, 

13(3), 13-23.  

PMI (2008) A Guide to the Project Management Book of Knowledge (PMBOK). 4th 

Edition, Project Management Institute, Newtown Square.  



 

 87 

Qadir, Z., Ullah, F., Munawar, H. S., & Al-Turjman, F. (2021). Addressing disasters in 

smart cities through UAVs path planning and 5G communications: A systematic review. 

Computer Communications, 168, 114-135. 

Quinn, L., Dibb, S., Simkin, L., Canhoto, A., & Analogbei, M. (2016). Troubled waters: 

the transformation of marketing in a digital world. European Journal of Marketing. 

Rachuri, S., Subrahmanian, E., Bouras, A., Fenves, S., Foufou, S. & Sriram, R. (2008). 

Information sharing and ex-change in the context of product lifecycle management: Role 

of standards. Computer Aided Design, 40(7), 789-800.  

Radhakrishnan, Nila S., Hardeep Singh, and Frederick S. Southwick. "Teaching novice 

clinicians how to reduce diagnostic waste and errors by applying the Toyota Production 

System." Diagnosis 6, no. 2 (2019): 179-185. 

Riddell, T., 2017. Mobile Technology Trends the Construction Industry Should be 

Adopting. [Online] eSUB Construction Software. Available at: 

https://esub.com/blog/mobile-technology-trends-the-construction-industry-should-be-

adopting/ 

Rocco, T.S. (2003), “Qualitative research interviewing: biographic narrative and semi-

structured methods”, Human Resource Development Quarterly, Vol. 14 No. 1, pp. 117-

122.  

Rocco, T.S. (2003), “Qualitative research interviewing: biographic narrative and semi-

structured methods”, Human Resource Development Quarterly, Vol. 14 No. 1, pp. 117-

122.  

Rother, M. (2015). Improvement Kata Handbook. 

Saaksvuori, A., & Immonen, A. (2008). Product lifecycle management systems (pp. 27-

44). Springer Berlin Heidelberg. 

Shen, W., Hao, Q, Mak, H., Neelamkavil, J., Xie, H., Dickinson, J., Thomas, R., 

Pardasani, A., & Xue, H. (2010). Systems integration and collaboration in architecture, 



 

 88 

engineering, construction, and facilities management: A review. Advanced Engineering 

Informatics, 24(2), 196–207.  

Silvola, R. (2018). One product data for integrated business processes. University of Oulu 

Graduate School; University of Oulu, Faculty of Technology Acta Univ. Oul. C 686,  

Silvola, R., Jaaskelainen, O., Kropsu-Vehkapera, H. & Haapasalo, H. (2011). Managing 

One Master Data - Challenges and Preconditions. Industrial Management & Data 

Systems, 111(1), 146–162.  

Silvola, R., Jaaskelainen, O., Kropsu-Vehkapera, H. & Haapasalo, H. (2011). Managing 

One Master Data - Challenges and Preconditions. Industrial Management & Data 

Systems, 111(1), 146–162.  

Silvola, R., Tolonen, A., Harkonen, J., Haapasalo, H. & Männistö, T. (2019). Defining 

One Product Data for a Product. International Journal of Business Information Systems, 

accepted, forthcoming.  

Silvola, R., Tolonen, A., Harkonen, J., Haapasalo, H., & Männistö, T. (2019). Defining 

one product data for a product. International Journal of Business Information Systems, 

30(4), 489–520.  

Stark J (2011) Product Lifecycle Management, 21st Century Paradigm for Product 

Realisation, 2nd Edition, London: Springer Verlag.  

Stark, J. (2005). Product lifecycle management: 21st Century Paradigm for Product 

Realisation. London Limited: Springer-V erlag.  

Suresh Padma, R. (2013). “Product data model driven BIM objects for bulk material 

handling.” M.Tech thesis, Indian Institute of Technology Delhi, New Delhi, India 

Tao, F., Cheng, J., Qi, Q., Zhang, M., Zhang, H., & Sui, F. (2018). Digital twin-driven 

product design, manufacturing and service with big data. The International Journal of 

Advanced Manufacturing Technology, 94(9), 3563-3576. 



 

 89 

Teece, D.J., 2010. Business models, business strategy and innovation. Long Range 

Planning, 43(2-3), pp.172–194.  

Teisserenc, B., & Sepasgozar, S. (2021). Adoption of blockchain technology through 

digital twins in the construction industry 4.0: A pestels approach. Buildings, 11(12), 670. 

Tolonen, A., Harkonen, J., & Haapasalo, H. (2014). Product portfolio manage- ment-

governance for commercial and technical portfolios over life cycle. Technology and 

Investment, 5(4), 173–183.  

Tolonen, A., Harkonen, J., & Haapasalo, H. (2014). Product portfolio manage- ment-

governance for commercial and technical portfolios over life cycle. Technology and 

Investment, 5(4), 173–183.  

Ullah, F., Sepasgozar, S. M., & Wang, C. (2018). A systematic review of smart real estate 

technology: Drivers of, and barriers to, the use of digital disruptive technologies and 

online platforms. Sustainability, 10(9), 3142. 

Wang, D., Fan, J., Fu, H., & Zhang, B. (2018). Research on optimization of big data 

construction engineering quality management based on RNN-LSTM. Complexity, 2018. 

Wilson, J. (2010), Essentials of Business Research: A Guide to Doing Your Research 

Project, SAGE Publications, London.  

Wilson, J., 2014. Essentials of Business Research: A Guide to Doing Your Research 

Project  

Wuni, I. Y., Shen, G. Q., & Darko, A. (2021). Best practices for implementing 

industrialized construction projects: lessons from nine case studies. Construction 

Innovation. 

Xu, X., Yang, J., & Tang, Z. (2015). Data virtualization for coupling command and 

control (C2) and combat simulation systems, Communications in Computer and 

Information Science, 525, 190-197. 

Yin, R. K. (2009) Case study research: Design and methods. sage. 



 

 90 

APPENDICES  

Appendix 1: Semi-structured questionnaire  

List of questions  

1. Integrated Business Processes 

1.1. What are the main business processes of your company? – please name them. 

1.2. Do processes and sub-processes have owners? 

1.3. Which operational systems/tools do you utilize –PLM/ PDM, CAD/CAE, ERP, 

or other?  

1.4. How are business processes integrated by the IT systems? 

1.5. Do the IT systems link to the named business processes? 

2. Product portfolio 

2.1. What are the products of your company? 

2.2. What is the main source of income in your business? 

2.3. Do you have a consistent, structured way to describe your product portfolio? 

• Commercially? Please describe 

• Technically? Please describe. 

2.4. Have you defined product lifecycle stages? if yes, please name them. 

2.5. Do you have a defined product management/product lifecycle management 

process?  

2.6. Do products have owners? 

2.7. Do you have well defined product requirements, guidelines, targets, and metrics? 

3. Creation, storing and use of data 

3.1. What type of data are created by each of the business processes? 

3.2. Which of these data are definitive by nature? Please provide examples. Please go 

through the named business processes 1 by 1. 

3.3. Where are these data stored to? 

3.4. Do you know which business processes use that data and how/what for? 

3.5. What data do you actually receive from other business processes? Where do you 

get these data from? 

3.6. Are there any data you would need from other business processes but are not 

receiving at the moment? Do you know why you are not getting it at the moment? 

3.7. What data are owned by each business process? 
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3.8. What are the main processes for product data? 

3.9. Has the company organized product data ownership, and if so, how? 

3.10. Do you have a defined data strategy? If yes, what is it like? 

3.11. Does the company have a data hub to collect and analyze the data for making 

business decisions?  

3.12. What are the main challenges in data creation, utilization, and quality in different 

business processes? 

4. Virtual product and process modeling 

4.1. Do you have a virtual model of your business processes? 

4.2. Do you have a virtual representation of products? 

4.3. Is the virtual product described in 2D or 3D format or even as a digital twin? 4.4 

What is the format of virtual products such as documents? 

5. Virtual product/process related data 

5.1. What data is linked to the virtual product model? 

• Only definitive product data? 

• More business process-related data? 

• Transactional data? 

5.2. How is the virtual product information managed? 

 


