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Abstract

:

Life cycle cost management is an integral part of buildings construction. The life cycle cost approach can be considered an objective approach because it considers all life cycles of buildings. Information and communication technology is one of the critical factors for the success of construction projects. Several studies point to the importance of information and communication technology use in life cycle cost management. Generally, information and communication technology can be helpful in the cost management process of buildings. However, few implementation factors of information and communication technology are used in the life cycle cost management of buildings. The research assumes that the most critical implementation factor is the investment cost for information and communication technologies used in cost management during the life cycle. The relative importance index method was used to evaluate and quantify the final rank of implementation factors. The Kruskal–Wallis test was used to confirm or reject research results that were statistically significant.
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1. Introduction


The issue of cost optimization is topical, particularly when participants in construction projects strive to reduce costs from the life cycle cost perspective. The construction project should consider cost management approaches from the buildings’ whole life cycle perspective. Life cycle cost management plays an important role that focuses on cost optimization [1]. However, this approach has more potential for use than is currently utilized. This is because the relevant databases of information on the expected lifetime of buildings, the time and extent to which they require repairs, and the structures’ maintenance costs are not available. According to Biolek and Hanák [2], these data should be processed in future building information modeling (BIM) systems. Several authors have specified the so-called life cycle cost (LCC) [3]. This is mainly the sum of costs during the construction project’s individual stages, such as ownership, implementation, maintenance, and liquidation of the building. Budgetary constraints, environmental conditions, lack of communication, and skilled labor availability affect costs and time, even during the maintenance phase. These factors can also significantly affect the cost-effectiveness and efficiency of design management and the construction phase. This means that there is a close link between the maintenance phase and the design and construction phase. Therefore, if the building fabric’s maintenance can be related to the initial stage of the design and construction phase, textile maintenance plans can be planned, and compelling predictions of uncertainties can minimize textile maintenance costs [4].



Knezovic et al. [5] noted the application of artificial neural networks, and the specific advantages and disadvantages that characterize econometric models. Further research indicates that life cycle management (LCM) is a concept that is often seen as an aggregation of life cycle tools and methods, and focuses on minimizing environmental impacts throughout their life cycle. Overall, the life cycle costs of a given project have also been plotted [6,7,8]. Kambanou notes that this method is still not widespread and has more potential [9]. Perceiving a construction project as a business plan to optimize the life cycle cost is one way to achieve efficiency [10,11]. In addition, cost management has been examined via information and communication technology [11]. Other authors agree that the building project should be assessed in terms of its entire life cycle, including the project’s cost [2]. A construction project’s business success depends largely on accurate estimates, such as the initial investment costs from the design phase to the construction phase, the operating costs required for the operation and maintenance phases, and the profits accumulated during the operation phase [12]. In many cases, relevant socio-economic benefits and costs also affect the construction project’s economic efficiency; the influence of these factors cannot be neglected [12]. According to other studies, operating costs exceed implementation [13]. This also applies to the assumption of energy utilization [14].



In connection with cost management, several authors have mentioned information technologies used for the needs of cost management. The use of information and digital technologies increases when more cost-effective applications are found [15]. Generally, it can be said that information technology is gradually expanding in the field of construction. Several scientists have specified the relationship between information and communication technology in the context of successful construction project management or cost management. Building costs commonly occur under various market and legal conditions, which, unfortunately, often negatively influence construction project aims. Numerous research results indicate the scale of this problem. It is possible to define different construction investments that can be specified in various stages of their implementation [16,17]. Investment projects are complex and require appropriate management at all stages. The importance of procurement is due to the main criteria that affect the project’s success: cost, quality, time, safety, and how the project meets its envisaged purpose. For this reason, one of the crucial success factors of construction projects is to allow bidding for the contract only by contractors who are sufficiently qualified for the proper performance of that contract [18]. The different life cycles of construction projects can specify various types of investments. These are characterized by different technological, organizational, and economic specifications [19]. There are specific costs associated with repairing defects. Knowledge about implementation factors and defects occurring in residential buildings can be used to better plan the investment budget [20].



Several studies have already partially addressed factors in implementing information and communication technology (ICT) for cost management or construction. Several studies suggest that these are investment costs [21,22,23,24,25,26,27,28]. A detailed overview of studies on this issue and the identification of factors is given in Table 1.



Information and communication technology includes, in particular, software applications designed for communication, working with data, and information sharing. A lack of confidence is observed among project stakeholders in the documented data’s authenticity and integrity [33]. Cost savings, revenues, and improvements in the quality of construction projects increase the practice’s credibility and convince potential project participants of these technologies’ benefits [34]. Several studies point to some of the benefits of using information technology in cost management [35]. Cost savings were seen as the most significant benefit by Marsh and Flanagan [36]. Increased efficiency and increased transparency, and greater convenience in the procurement process were determined in the research by Khayyat [37]. ICT functionalities mainly relate to construction management, so it can be argued that the integration of a lean management approach with the technical capabilities of ICT will bring benefits to the overall productivity and efficiency of construction projects [38]. Another study examined the impact of ICT on the so-called operational benefits [39]. In this group of benefits, the authors included flexibility in systems to meet clients’ needs; strengthening the relationship with suppliers; competitive advantage in economies of scale; shortening the production phase; and flexibility of response to the client.



In contrast, information technologies provide little or no benefit according to previous research [27]. However, this study argues that there are areas where information technology implementation can also be beneficial. Improved monitoring and control have also been identified as crucial in implementing ICT in construction due to the impact on cost management [40,41]. Other authors discussed the methods of measuring the benefits of ICT and BIM technologies in construction [42,43].



Concerning research on the life cycle cost of building and cost management in general, costs and investments can be highlighted as factors mentioned. An analysis of the implementation factors of ICT and subsequent quantification has not yet been carried out in any research found and included in the review. In particular, in life cycle cost management, it is appropriate to examine and verify the relationship of implementation factors in terms of cost optimization, and whether it is a dimension in the management of construction projects or life cycle cost management of construction projects. The research’s basic scientific questions were determined based on theoretical overviews in the given area and a summary of this research. What are the implementation factors of ICT in life cycle cost management? The fundamental research problem is that investment costs are the most critical ICT implementation factor in building life cycle cost management.



Based on the literature, interviews with experts (project managers, cost managers, etc.), and formulation of the research problem, four categories of implementation factors were determined, in which the expected implementation factors were defined to be examined in the survey. These implementation factors were first discussed with selected practitioners. Their comments and expert advice were taken into account for the final formulation of implementation factors. This pre-research ensured a strict selection and formulation of implementation factors. Cronbach’s alpha was also used to test these questions for the selection of these factors. Implementation factors that were not considered appropriate by the experts were not further investigated. Table 2 shows all research implementation factors. The most important of the these is the first factor (Investment costs of ICTs) from the research hypothesis’s point of view.




2. Materials and Methods


2.1. Research Methods and Steps


This research consisted of two phases, the pre-research and the research. The pre-research included determining a basic research question based on a detailed theoretical analysis of previous research. This analysis also provided the basis for identifying implementation factors and grouping. These compiled implementation factors were discussed by relevant experts. Four project managers from large international construction companies discussed the proposed research implementation factors in an interview. Based on the agreement of all, the final implementation factors were determined, and were the subject of the investigation.



The selection of the research sample was based on the structure of the industry. The respondents’ selection was from the building industry database (The Statistical Office of the Slovak Republic). The total number of entities in the construction industry in Slovakia is 83,560,000. More than 1200 (sample file size) construction companies were approached to participate in construction projects and final buildings. Respondents were selected as a percentage composition reflecting the number of market participants. The statistical set of respondents included various participants in construction projects. The ratio of real business entities was maintained. Companies were contacted (investors 11.20%, suppliers 52%, sub-contractors 16.80%, and designers 20%), and 125 respondents took part in the survey. The return rate was 10.42%.



Cronbach’s alpha verified the suitability of the questions. This ensured an adequate distribution of the research sample. Data processing was based on the relative importance index and five critical levels method. Based on this, the ranking was determined, and the Kruskal–Wallis test for statistical significance was used to verify the results.



Subsequently, for quantification purposes, the selected group’s arithmetic means and the specific factor were determined. The Kruskal–Wallis test was also used to verify the influence of a given factor. A detailed overview of the research steps and methods used is given in Table 3.




2.2. Research Aim and Hypothesis


The research focused on analyzing the implementation factors of ICT in the life cycle cost of buildings. Monitoring and analyzing construction costs in each phase of a construction project is the first step to managing and attempting to optimize these costs. A thorough analysis of research and studies has focused on the impact and implementation factors of using ICTs.



The research aim is to analyze the implementation factors of ICT in the life cycle costs of buildings and verify that investment costs represent the most critical implementation factor.



The primary research claims that information and communication technology play an important role in construction life cycle cost management based on study knowledge and research. One of the most significant advantages of using information and communication technology is a positive impact on reducing costs at every stage of a construction project’s life cycle. In addition, key factors impact the implementation of information and communication technology in life cycle cost management. Based on this, the main hypothesis adopts this claim.



Hypothesis statement: Investment costs are the most important ICT implementation factor in managing the buildings’ life cycle costs.



This statement means that, in analyzing the impact ranking of factors, the factor investment costs will achieve the highest value and be ranked first. Based on this, a null hypothesis can be postulated and verified. This means that no implementation factor has a higher impact rate than investment costs. The investigated main or null hypothesis and its alternative have the following form:



Hypothesis 1.

Investment costs are ranked first as the most important ICT implementation factor in managing the life cycle costs of buildings.





Hypothesis 0.

Investment costs are not ranked first as the most important ICT implementation factor in managing the life cycle costs of buildings.






2.3. Data Collection and Research Sample


Data collection was carried out through an online questionnaire. The questionnaire was divided into several parts that were content related. The first part of the questionnaire focused on the characteristics of the respondents. This included information about the participant in the construction project; the size of the construction company (How many employees does your construction company have?); the work experience of the project manager (How long have you been working as a project manager?); the participation of foreign capital and know-how (Do you use only domestic capital and know-how?; Do you use foreign capital or know-how of another parent company?); construction project size and characteristic of buildings (How big is the construction project, based on which you assess the level of impact of information and communication technology in the context of the life cycle cost issue?).



The second part of the questionnaire dealt with direct questions on the perception of the implementation factors of using information and communication technology (Specify the information systems used in project management and planning life cycle cost management; Specify the extent and frequency of use of these technologies based on the scale provided). The next part focused on issues related to the impact on construction life cycle management and implementation factors of information and communication technology (based on the Likert scale, respondents defined their perception of selected implementation factors of using ICT for cost management in individual stages of a construction project; these data were based on real results of construction project costs (1—change up to 5%, 2—change from 6% to 10%, 3—change from 11% to 15%, 4—change from 16% to 20%, 5—change over 21%).



The third part of the questionnaire survey also included questions focused on using information and communication technologies and quantifying the impacts of the implementation of information and communication technologies on the life cycle cost. Respondents who stated that they use selected information technologies should also quantify the impact on the life cycle cost (as a percentage) and the degree of improvement in communication between participants in the construction project.



The list of implementation factors resulting from the use of ICT was compiled based on a thorough theoretical analysis of resources and research dealing with the implementation factors of ICT in the cost management of buildings [22,23,24,25,26,27,28,29,30,31,32]. Experts reviewed the long list of implementation factors in the field by interview. These were mainly project managers and financial managers in the field of cost management in the construction industry. These interviewed managers came from Slovak construction companies and investors. Based on a theoretical long list of ICT implementation factors, and consultation with project managers, a researched list of implementation factors was established.



Respondents answered the questions using an evaluation based on a 5-point Likert scale, where the value of 5 represented very significant and 1 represented not significant. Questions on some cost issues were filled in as nominal or relative indicators. The questionnaire also contained a detailed explanation of the interpretation of the Likert scale’s values, as mentioned in the previous paragraph.



The research involved respondents who represented the main participants in the construction project. These were most often significant contractors and sub-contractors, but also included investors and architects. Regarding job positions were concerned, among the suppliers were project managers and cost managers. Among architects, participants were often designers from design studios. The investor was represented through the finance department and financial managers. A more detailed specification of the research sample is shown in Table 4.




2.4. Data Processing


Data processing was performed based on verified statistical methods. This processing took place in the software environment of MS Excel and Statistica. The obtained data combined quantitative and qualitative data collection methods, using values of 1 to 5 based on the distribution of the Likert scale, were the basis for subsequent statistical processing. Based on a random selection of a research sample representing the real situation of the construction market, the statistical extremes were adjusted to ensure they did not distort the results.



The relative importance index (RII) was used to determine the quantification and significance of individual implementation factors resulting from the impact of the implementation process of information and communication technology on buildings’ life cycle costs. This is a scientific method that is commonly used to determine rankings, often in construction surveys. RII is calculated using the following expression:


  RII =     ∑   i = 1  5  w   Xi   A   x   N    



(1)







RII = relative importance index



w = weighting given to each benefit by respondents and it ranges from 1 to 5



x = frequency of the i-th response given for each cause



A = highest weight (i.e., 5 in this case)



N = total number of participants



The ranking for each area is considered important to discuss construction life cycle cost management. Comparing and focusing on cost parameters is highly important in research. The implementation factors for each area did not reach the same ranking. It is essential to look at the key values and compare them in life cycle cost management. This means their significance in terms of individual stages of the construction project. The areas related to the research area of construction life cycle management were specified for total costs and costs associated with the construction project’s management.



The significance of individual implementation factors can be assessed based on interval values, including specific measured values. According to Akadiri [44], five critical levels are transformed from RII values:




	
high (H) (0.8 ≤ RII ≤ 1),



	
high-medium (HM) (0.6 ≤ RII ≤ 0.8),



	
medium (M) (0.4 ≤ RII ≤ 0.6),



	
medium-low (ML) (0.2 ≤ RII ≤ 0.4) and



	
low (L) (0 ≤ RII ≤ 0.2).








This is crucial because these values can be clearly specified and directly classified based on a proven scientific method. The results in the form of rankings were compared with the intervals, and preliminary conclusions were drawn. In this case, it is necessary to also verify these results by statistical significance. Based on the research sample distribution, it was evaluated that it is best to perform this distribution using Kruskal–Wallis tests for a given type of data. The Kruskal–Wallis test was chosen for statistical testing. This test was chosen because the researchers worked with an ordinal variable. As the dependent variable was ordinally scaled, the Kruskal–Wallis test was required. Applying the given tests allowed determination of whether statements and assumptions examined by the current research were statistically significant.



The threshold for the use and impact of information technology (IT) and information systems (IS) was set at 3.5. This value was determined based on several sources, however, values above 3.5 are considered significant [45].




2.5. Limitations of Research


The implementation of research activities related to the examined issue uncovered several limitations. It should be considered whether these limitations could reduce the value of the results or change the research conclusions. At the outset, the current study focused on the perception of the research problems identified in the project manager’s specific questions (i.e., one person evaluated the success of the project and answered the research questions for the whole project). These facts may raise questions about the subjective evaluation of this respondent. However, this was prevented by a detailed description using percentages for each research area and question. Based on real accounting data, the respondent (project manager) clearly defined the percentage to which his answer belongs in the Likert scale.



Another issue from the point of view of the correctness of the interpretation of the results and the comparison was the size of the companies participating in the research and establishing a condition to compare these results. The responses in the form of a Likert scale with a description of the values (relative indicator in percent) were determined for this purpose. Therefore, in cost perception in projects of different sizes, comparing absolute values was not possible, and a relative indicator appears to be the most relevant type of research data acquisition.



The research also took into account the number of forms information and communication technology used, but only at intervals. The use of information and communication technology was considered in all construction projects that pointed to 3 or more IS and IT. For comparison, however, the results may have been skewed according to the number of forms of information and communication technology used.





3. Results and Discussion


The use of ICTs has several advantages, which was also the statement of several respondents. However, as several also stated, the expectations and benefits of implementing ICTs should be greater than the factors (in many cases, the concerns) that hinder the implementation of the decision to implement ICT. This research sought to quantify and analyze these implementation factors focusing on cost optimization throughout the life cycle of the construction project and a positive impact on cost management during the life cycle of buildings. Experts in the field answered questions about these implementation factors. They tried to quantify the impact level of implementation factors on the Likert scale based on managing construction projects.



Based on the answers, the RII index was used to obtain the ranking of implementation factors resulting from thinking about ICT implementation in construction projects’ cost management. The final ranking, which considers the entire life cycle of the construction project and buildings (i.e., pre-design and design stage, project stage, construction phase, and maintenance and use stage of the building, up to its liquidation) is given in detail in Table 5.



Based on the ranking results, it can be stated that the most extensive relative importance index was achieved for the implementation factor “Investment Costs for ICTs”, with a value of 0.879, which falls in the interval (H) (0.8 ≤ RII ≤ 1), i.e., a high value. The “legislative framework” achieved a similar value and the same order in the ranking. These two implementation factors achieved a relative importance index higher than 0.8 and are therefore considered significant. These results suggest a research statement and consideration of the most critical implementation factor. However, for a correct evaluation and conclusion, this result must be evaluated by statistical tests that confirm its statistical significance. In addition, however, the research also yielded other quantitative and qualitative results that need to be discussed within the topic.



Significant results, according to the ranking, also included the following implementation factors (factors that reached 0.6 and higher): level of use of ICT by other participants in the construction project; management support; system maintenance costs during its lifetime; system maintenance and service and the need to upgrade the system; the need to recruit IT staff to manage ICTs; ability to embrace innovation and change; compatibility of software solutions; user qualification (training and certificates); and readiness and disinterest of users. Of a total of 16 examined implementation factors, up to 12 (75%) can be considered significant based on ranking. All examined economic factors were identified as significant implementation factors. These fall in the interval of (0.6 ≤ RII ≤ 0.8), which can be considered as medium–high significance. This again points to the trend that investment costs and other types of costs associated with ICT implementation represent a serious implementation factor.



It is essential that these findings and the main research hypothesis are confirmed using the Kruskal–Wallis test. An overview of groups of factors shows that the most important are economic factors. Personal factors are also significant. Overall, the setting of people (employees) to accept change, and accept innovation and their skills and knowledge in the IT field, significantly affect the implementation of ICT in the cycle cost management of construction and construction projects. Based on the Likert scale and Kruskal–Wallis testing, an infographic was constructed that highlights the importance of individual factors for specific groups and provides information about the arithmetic mean for individual implementation groups (Figure 1).



It is possible to discuss why experts and managers of construction projects have quantified and determined such a ranking of these implementation factors. These results should be compared with the research already carried out in the field of ICT implementation factors in the context of managing life cycle costs of buildings. The research results also confirm the research conclusions of [22,23,24,25,26,27,28,29], in which the investment cost was a significant implementation factor. This result and comparison point to one of the phases of a construction project in the context of cost management. The research results point to a relatively high degree of implementation factors in life cycle cost management.



An important view of the results is presented in Figure 1, in which the degree of importance of the implementation factor is quantified. The investment costs reached the highest value, and the given rate was 4.395, which represents very high importance from the point of view of ICT implementation. Regarding the degree of saving resulting from the use of ICT, which this research investigates, it can be stated that the turning point at which ICT will cover investment costs, should be in the 6th to 10th construction project. This clearly depends on other factors such as the size of the projects. However, consideration must also be given to operating costs, which extend this period. In terms of the most significant impact on implementing ICT for life cycle cost management, it is possible to define a significant level (3.954) of economic factors. Thus, in addition to the investment costs, the operating costs and the costs for the employees who will manage the selected technologies must be included. The research also included questions focused on using information and communication technologies and their impact on LCC. This impact was mentioned by several respondents, based on which the Kruskal–Wallis test was also carried out to determine if results were statistically significant. Due to the implementation and use of ICT, the value of cost savings was 10% to 15%.



The use of ICTs can increase efficiency, which has a limited impact on achieving optimization or a reduction in costs, and costs in terms of the entire life cycle of the construction. Monitoring the impacts on life cycle cost management is the more complex subject of this research. During interviews or in response to additional questions, several experts indicated that ICT leads to better cost management if communication and sharing of necessary information is faster. This also proved to be significant at every stage of the life cycle of a construction project. Here, however, it must be noted that although this rate was different in the individual phases of the construction cycle, it always reached the level of at least medium or medium–high based on the empirical method. The details of these differences discussed in more detail later. Based on the RII, the ranking and intervals were determined, and indicated the degrees of importance. However, from a statistical point of view, these values should be verified. Therefore, based on the Likert scale and data on the frequency of responses with specific values, a table of importance or the so-called importance rate (IR), with values from 1 to 5, was constructed. This is the average value of all respondents values, which is the important frequency of responses. This importance index shows the frequency of utilization in similar cases and studies globally. The results are mentioned in more detail in Table 6, which shows the value of the Kruskal–Wallis test for the statistical significance level (Table 5).



From the Kruskal–Wallis ANOVA based on ranking, the variable “ICT implementation factors in life cycle cost management” achieved a p-value of 0.0476, which has significant statistical significance. The number of valid responses was 125 for each factor (see Table 5).



Table 5 describes the Kruskal–Wallis test to examine the statistical significance of selected factors’ impact on ICT implementation. Table 5 also describes the decision and evaluation of the scientific hypothesis based on the Kruskal–Wallis ANOVA. Thus, the achieved p-value was 0.0476. This indicates that the statistical implementation factors confirmed the statistical significance. That is, at the level of probability α = 0.05, we can reject H0: investment costs are not ranked first in the most important ICT implementation factors in managing the life cycle costs of building, and thus accept the hypothesis H1: investment costs are ranked first in the most important ICT implementation factors in managing the life cycle costs of buildings. Thus, it follows that investment costs represent the most important implementation factor influencing the implementation and use of ICT in the life cycle cost management of buildings.




4. Conclusions


It is necessary to examine the issue of implementation factors of ICT adoption in life cycle cost management and, in particular, to quantify and manage the actual cost of a construction project during its entire life cycle. Several studies point to factors that may influence the implementation of ICT in life cycle cost management. This research sought to verify these claims. The assumption was that investment costs represent the most critical implementation factor of ICT in life cycle cost management. This statement can be accepted based on the empirical methods performed. Based on a selected sample of respondents and projects, it was determined that investment costs are the most critical implementation factor. Several studies have confirmed the benefits of using ICT in life cycle cost management of buildings. Therefore, examining the factors influencing this implementation was highly important, and the research findings are essential for practitioners. Simultaneously, the research noted other essential implementation factors of ICT in life cycle cost management. These are the level of use of ICT by other participants in the construction project; management support; system maintenance costs during its lifetime; system maintenance and service and the need to upgrade the system; the need to recruit IT staff to manage ICTs; ability to embrace innovation and change; compatibility of software solutions; user qualifications (training and certificates); and readiness and disinterest of users and legislative framework. The research also highlighted the importance of all economic factors related to the implementation of ICT in life cycle cost management. Maintenance costs and the costs associated with recruiting new staff to the IT department greatly influence the decision to implement ICT for life cycle cost management.



This issue is closely linked to the issue of implementation benefits. This represents another research gap that this research should address. The extension of this scientific and practical issue should be addressed using the same research sample, which would allow a confrontation with the results of this study. The direct benefits of implementing ICT in life cycle cost management can contribute to the growth of ICT implementation in construction.



This research confirms the claims of previous studies [12,16]. These previous studies note the importance of implementing information and communication technologies for life cycle cost management. The positive impact on cost financing was also confirmed. As also mentioned in a previous study [18], one of the main factors is investment costs. Another study [18] also found that this research has not substantiated that operating costs exceed investment costs, and that this is a larger implementation factor.



In contrast, research has also examined the effects of information and communication technologies, and a positive impact of the use of information and communication technologies was found, as stated in the study [20].



The most important research results can be summarized as:




	-

	
high investment costs are the most critical implementation factor,




	-

	
operating costs are also a critical implementation factor for the adoption of ICT, but this is not the most important, as some studies claim;




	-

	
the survey showed that the use of information and communication technologies has the effect of reducing life cycle cost management costs, and this result has also been quantified at 10% to 15% of costs;




	-

	
implementation has improved communication between research participants;




	-

	
research quantified the importance of specific implementation factors for adopting ICT in life cycle cost management (this important information for practice has not yet been mentioned in any research).









Knowledge of implementation factors in practice also means focusing on specific processes that can contribute to better implementation of ICT in construction. It can also challenge the views and support of management, which can positively affect the industry’s development.
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Figure 1. Implementation factor groups and impact rates. 
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Table 1. Literature review of information and communication technology (ICT) implementation factors in the construction industry [21,22,23,24,25,26,27,28,29,30,31,32].
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	Year
	Implementation Factors
	Relevant Literature





	2020
	
	
mimetic pressure,



	
strategic value judgment,



	
behavioral control capability





	[24]



	2019
	
	
communication and work relationship,



	
distraction and waste of time,



	
better information management on-site,



	
better management of construction defects,



	
improved work planning





	[22]



	2019
	
	
ICT human capital skills,



	
firm’s decision-making process and support of visionary leaders,



	
inter-organizational research and development collaboration





	[29]



	2018
	
	
ICT safety,



	
investment costs,



	
people acceptance



	
support management





	[21]



	2017
	
	
lack of understanding about the process of sensing technology adoption,



	
its purpose of utilization in construction industry





	[30]



	2012
	
	
investment costs,



	
lack of finance,



	
maintenance costs,



	
lack of management support,



	
low level and experience of users,



	
rejection of changes,



	
compatibility problems,



	
law framework,



	
transparency and ICT safety,





	[23]



	2012
	
	
costs,



	
experiences,



	
IT safety,





	[25]



	2011
	
	
high investment costs for ICT,



	
virus infiltration and degradation give,



	
security and privacy,



	
continuous need to create system upgrade,



	
increased IT staff costs,



	
incompatibility of product solutions,



	
poor return on investment,



	
personal abuse of ICT employees



	
weak management support





	[31]



	2009
	
	
investments,



	
IT safety,





	[28]



	2008
	
	
investment costs,



	
human resources,



	
IT equipment





	[26]



	2007
	
	
diversity of construction industry,



	
construction project participants cooperation





	[27]



	2007
	
	
hardware and software costs,



	
concerns about virus infiltration,



	
ICT equipment,



	
return on investment,



	
fear of dismissing redundant workers,



	
IT security.





	[32]
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Table 2. Research ICT implementation factors in the construction industry (based on literature review and expert statements).
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	Group of IF
	Implementation Factors (IF)
	Description of Factors and Impact on LCC





	Economic factors
	
	
Investment costs for ICTs



	
System maintenance costs during its lifetime



	
The need to recruit IT staff to manage ICT





	
	
Investment costs represent all costs related to the implementation of information and communication technologies, infrastructure modification and all installation costs. Their impact represents an increased cost of acquiring the system in the first year, and ICT should have a lower cost in the later period.



	
System maintenance costs represent all costs for technology maintenance, upgrades, improvements, and additional equipment management and service costs. The level of these costs should be lower than the cost savings resulting from ICT implementation in each life phase of a construction project.



	
Wage-related costs for new staff needed to manage ICT. This factor represents the cost burden during the entire construction period or each life cycle stage of the construction project.








	Technical factors
	
	4.

	
Compatibility of software solutions




	5.

	
Functional possibilities of the system




	6.

	
Knowledge of the use of ICT in the field




	7.

	
System maintenance and service and the need to upgrade the system (administrative burden, inspections, repairs)






	
	4.

	
Ensuring the compatibility of technologies is challenging, especially in the construction project’s design stage, where it is necessary to combine all technologies to ensure a smooth flow of data between devices. This can have a significant positive effect on other life cycle costs.




	5.

	
The functions and possibilities of technologies can be a motivation for implementation. It should have a positive impact on costs at each stage, especially concerning increasing productivity.




	6.

	
Knowledge is one of the prerequisites for the successful implementation of ICT. Their impact on LCC depends on the value of the people who have this knowledge and their ability to work with new ICTs, which reduces costs at every stage of the project.




	7.

	
The need to deal with service and constant upgrade is associated with increased costs and loss of time and energy of employees, which again has a negative impact on LCC.









	Personnel factors
	
	8.

	
User qualification (training and certificates)




	9.

	
User experience (practical experience)




	10.

	
Readiness and disinterest of users




	11.

	
Ability to embrace innovation and change




	12.

	
Management support






	
	8.

	
From the LCC’s point of view, the education and training of employees is a cost. The highest rate is at the beginning of the project, when this level is the highest.




	9.

	
Practical user experience can have a positive impact on LCC. Experience and the necessary qualifications represent a lower precondition for the need for training costs at each stage.




	10.

	
User lack of interest can have a serious negative impact on LCC. Their reluctance to accept change and innovation can lead to ever-increasing costs.




	11.

	
The reluctance to accept changes is equally negatively transmitted to the LCC.




	12.

	
Management support should be one of the keys in motivating new technologies to be adopted. The attitude of management can influence the opinion of employees on new technologies. This can have a positive effect on LCC of buildings. Management support can represent a high degree of ICT implementation and thus lead to cost savings at each stage.









	Industry factors
	
	13.

	
Fragmentation of the sector and integration among participants in construction projects




	14.

	
Legislative framework




	15.

	
Level of competition in the use of ICT




	16.

	
Level of use of ICT by other participants in the construction project.






	
	13.

	
Fragmentation of the sector and integration between participants in construction projects means a hard way of communication between participants and increases misunderstandings. In LCC, it is reflected as a negative phenomenon, with a large number of sub-suppliers increasing costs and expanding the supply chain. From the LCC point of view, it is primarily the risk of increased costs in the design and construction stage. On the contrary, the use phase does not pose this risk.




	14.

	
The legislative framework may also affect the implementation of ICT. If the legislation is simple and fixed, it can lead to the facilitation of the whole implementation process. On the contrary, if the legislative framework is set incorrectly, a number of restrictions, etc. this leads to a negative impact. Legislation can also directly affect the regulation of the use of specific ICT (such as BIM technology) in the procurement process and in selected projects. This may delay earlier implementation of ICT. This can have a positive impact on LCC. Thus, costs can decrease over time.




	15.

	
The level of use of ICT by competitors may impact the decision of other construction companies to use technology. To minimize LCC and increase competitiveness, it also has this impact.




	16.

	
Other participants can pressure the use of selected ICTs, which can be a motivator for rapid implementation. To call other participants can have a significant positive impact on the LCC.
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Table 3. Research methods and steps.
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Pre-Research Stage




	
Research Steps

	
Data Source

	
Methods

	
Results






	

	
Analysis of previous research and creation of an overview






	
Web of Science database

	
Analysis and synthesis

	
Implementation factors of ICT in LCC overview




	

	2.

	
Determination of research question and hypothesis







	
Web of Science database

	
Analysis and synthesis

	
Problem statement and hypothesis




	

	3.

	
Analysis of implementation factors—assessment of the correctness of implementation factors by experts (construction project managers by large enterprises)







	
Primary data

	
Interview

	
Selection of researched implementation factors of ICT in LCC—Final implementation factors of ICT in LCC overview




	
Research steps




	

	4.

	
Selection of research sample







	
Statistical Office database

	
Research sample was performed at random. However, the research groups and their representation (number) were established according to the number in the market. Thus, no research group was disadvantaged, and the research sample reflected the real market presence.

	
Research sample




	

	5.

	
Data collection







	
Questionnaire data

	
Likert scale

	
Research data




	

	6.

	
Data processing







	
Questionnaire data

	

	




	

	(a)

	
Evaluation of the suitability of the questions asked







	
Questionnaire data

	
Cronbach’s alpha

	




	

	(b)

	
Ranking of implementation factors







	
Questionnaire data

	
Relative importance index and five critical levels

	
Ranking




	

	(c)

	
Verification of ranking results by statistical significance







	
Questionnaire data—Statistica software

	
Kruskal–Wallis test

	
Statistical significance




	

	(d)

	
Quantification of the ICT implementation factors on LCC







	
Questionnaire data

	
Arithmetic mean and impact rate

	
Proposal of the influence of ICT factors on implementation and LCC




	

	(e)

	
Verification of implementation factors impact rate results by statistical significance







	
Questionnaire data—Statistica software

	
Kruskal–Wallis test

	
Statistical significance




	

	7.

	
Hypothesis evaluation
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Table 4. Structure of research participants.
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	Type of Enterprises (n = 125)
	Frequency
	% Share





	Participant of construction project
	
	



	Contractor
	65
	52.00



	Sub-contractor
	21
	16.80



	Investor
	14
	11.20



	Designer
	25
	20.00



	Enterprise size
	
	



	Micro enterprises
	40
	32.00



	Small enterprises
	42
	52.5



	Medium-sized enterprises
	38
	47.5



	Large enterprises
	5
	4.00



	Business funding origin
	
	



	International private
	13
	10.40



	National private
	112
	89.60



	Working experience in work position
	
	



	0–5 years
	35
	28.00



	6–10 years
	57
	45.60



	11–20 years
	23
	18.40



	21 years and more
	10
	10.00
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Table 5. Relative importance index of ICT implementation factors in life cycle cost management.
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	Group of IFs
	Implementation Factors (IFs)
	RII
	Ranking





	Economic factors
	
	
Investment costs for ICTs



	
System maintenance costs during its lifetime



	
The need to recruit IT staff to manage ICTs





	0.879

0.758

0.735
	1

5

7



	Technical factors
	
	4.

	
Compatibility of software solutions




	5.

	
Functional possibilities of the system




	6.

	
Knowledge of the use of ICT in the field




	7.

	
System maintenance and service and the need to upgrade the system (administrative burden, inspections, repairs)






	0.648

0.357

0.489

0.737
	9

16

14

6



	Personnel factors
	
	8.

	
User qualification (training and certificates)




	9.

	
User experience (practical experience)




	10.

	
Readiness and disinterest of users




	11.

	
Ability to embrace innovation and change




	12.

	
Management support






	0.648

0.567

0.639

0.706

0.778
	9

13

11

8

4



	Industry factors
	
	13.

	
Fragmentation of the sector and integration among participants in construction projects




	14.

	
Legislative framework




	15.

	
Level of competition in the use of ICT




	16.

	
Level of use of ICT by other participants in the construction project.






	0.583

0.837

0.435

0.784
	12

2

15

3
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Table 6. Hypothesis results and Kruskal–Wallis ANOVA results.






Table 6. Hypothesis results and Kruskal–Wallis ANOVA results.





	
Hypothesis

	
Parameter

	
K-W Anova (p)

	
Rejection






	
H1: Investment costs are ranked first in the most important ICT implementation factors in managing the life cycle costs of buildings.

	
RII Ranking

	
0.0476

	
accepted




	
H0: Investment costs are not ranked first in the most important ICT implementation factors in managing the life cycle costs of buildings

	
RII Ranking

	
rejected
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