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Abstract

:

Project uncertainty is an inherent attribute in safety-critical projects, such as building refurbishment. While it has been suggested that project safety performance is often challenged due to project uncertainty, uncertainties are yet to be conceptualised in building refurbishment projects. The purpose of this research is to propose an industry-specific factor model of project uncertainty that can be used to diagnose and assess uncertainty in construction refurbishment research and practice. An extensive review of existing literature, following the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines, where 53 articles were selected to identify the determinants of project uncertainty and strategies for managing uncertainty. In total, 23 project uncertainty factors were identified and clustered under the taxonomy of uncertain information, uncertain complexity, uncertain temporal clarity, and uncertain understanding. Thus, 12 management strategies for coping with uncertainty in building refurbishment projects were determined. Learning and a flexible working environment were the most frequently raised strategies among all the reviewed articles. The factor model proposed enables project managers and academics to better understand, assess and manage project uncertainty and deliver safer building refurbishment projects. As such, it also provides a sufficient platform and initiates debate towards the development of uncertainty management strategies to better prepare for surprises as projects progress.
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1. Introduction


Building refurbishment projects are central to the contemporary construction industry, as they are often more financially viable than demolition and rebuilding ageing structures [1]. Notwithstanding the substantial benefits offered to the environment, economy and society, refurbishment projects, in general, are widely recognised as being high risk, complex and uncertain [2,3]. There are a number of reasons for this, including a lack of information about the existing structure and occupation throughout execution [2]. It has been further stressed that project performance measures such as cost, time, safety often challenged due to an increasing level of uncertainty in construction refurbishment projects [2,4].



The uncertain and complex nature of refurbishment projects has often been associated more specifically with time and cost overruns [4,5]. However, building refurbishment projects can also be described as ‘safety-critical projects’, where the project crew confronts many unplanned and unknown situations during the project execution that increase the chance of safety failure [6]. In the context of construction, safety is defined as the protection of workers from a physical injury [7] (p. 3). Safety is of paramount importance in any type of construction project and is often conceptualised in the same way as other project objectives such as time, cost and quality. Irrespective of the myriad safety strategies and controls utilised to deliver a safe refurbishment project, the actions and project safety outcomes are often challenging due to project uncertainty [2]. Therefore, the main aim of this research is to conceptualise project uncertainty in construction refurbishment projects as it is imperative to deliver a safe project. There is little agreement on the terms used to define the refurbishment of buildings. Refurbishment projects are spread in different scales from redecoration to total reconstruction of structural members in a building [8]. Based on the definitions of Ali and Noordin [9] and Egbu [10] of a refurbishment project, this study defined building refurbishment as a major change carried out to an existing building which includes large alterations and additions, major renovation, upgrading, conversion, extension or modernisation and excludes routine/minor repair and maintenance and cosmetic work.



The term uncertainty is a wide concept and appears in the non-deterministic stream of project management, which has grown significantly post the year 2000 [11]. Recently, in the project management discipline, an abundance of researches have been undertaken to clarify project uncertainty [12,13,14,15,16] and describe how to manage it [12,14,16,17,18]. Building refurbishment projects are carried out on ageing and undefined structures, where the effect of uncertainties are non-trivial throughout the project life cycle [19]. Therefore, extant research has contributed to understanding project uncertainty, particularly in building refurbishment projects [20,21,22]. Hence, this paper offers a systematic review of project uncertainty underpinning industry-specific contextual information highlighted in project management and construction refurbishment literature and subsequently present an uncertainty factor model and management strategies to contribute to construction refurbishment safety.



Identifying project uncertainty at an early phase would give project managers a broader understanding of factors that deliver a refurbishment project safer [23]. It is imperative to have an industry-specific project uncertainty factor model. However, in building refurbishment literature, there is a lack of consistency and no solid factor model to understand or detailed classification as to what factors would cause uncertainty or how this project uncertainty should be managed, specifically uncertainty that challenges project safety. Therefore, in order to achieve the aim of this paper, the objectives are twofold: (1) develop a project uncertainty factor structure, and (2) identify strategies for managing uncertainty.



The first section of the paper presents a general introduction to uncertainty and then, more specifically, in the context of construction refurbishment projects. The second section describes the design of the exploratory study. Following this, a factor model and proposed strategies for uncertainty management are synthesised from the literature. Finally, conclusions, including research limitations, are described, and opportunities for future research are explored.



1.1. Uncertainty


Discussion on uncertainty initially began in the field of economics and psychology [12]. Other scientific fields, such as project management, are built upon the understanding of uncertainty based on constructs grounded in economics and psychology [12]. Uncertainty can manifest as an opportunity or trepidation depending on the situation and the view of a person who faces the situation [24]. Looking at it from a different perspective, uncertainty varies concomitantly with different states of mind [25]. The literature reveals that there is a lack of consensus regarding a definition of “uncertainty” [11]. However, this lack of agreement has become a fundamental issue that continues to broaden arguments in the literature associated with the concept of uncertainty. Consider two examples; uncertainty refers to ‘a subject’s conscious lack of knowledge about an object, which is not yet clearly defined (or known), in a context requiring a decision’ [26] (p. 663); or, uncertainty refers to a; ‘the absence of information required for the decision that needs to be taken at a point in time’ [27] (p. 347). These definitions suggest that uncertainty is a situation where a person does not have full knowledge or has difficultly understanding a particular situation [16,28].



Uncertainty in the context of a project is closely associated with the concept of risk. There are considerable arguments in relation to the difference between uncertainty and risk in the literature. Whilst risk and uncertainty have been used interchangeably by some researchers; there is also an argument that there is no difference [29]. In the disciplines of Economics, Psychology, and Philosophy, risk is distinguished from uncertainty. Both risk and uncertainty present the degree of knowledge about future events [30], but unlike uncertainty, risk provides an enabler to predict the probabilities for different outcomes [31]. However, risk and uncertainty are not distinguished straightforwardly in the context of project management [12]. For instance, the Project Management Institute (PMI) defined project risk as ‘an uncertain event or condition that, if it occurs, has a positive or negative effect on one or more project objectives’ [32] (p. 391). Perminova [12] has classified uncertainty into two groups, risk and opportunity. Risk appears as a negative consequence, while opportunity is a positive impact, both effect project objectives [12]. Even though most empirical studies defined uncertainty as both threat and opportunity, in a project context, threats can be most problematic for project performance. Therefore, this study identifies uncertainty as a threat to project performance in building refurbishment projects.




1.2. Construction Project Uncertainty


The construction industry is classified as a project-based activity [33]. In the context of a construction project, which is largely understood to be a unique endeavour, there are ill-defined challenges caused by ‘unknown-unknowns’ [18]. Baccarini [34] has elaborated the different scope of uncertainties as unknowns-unknowns (unfathomable uncertainty), known-unknowns (risks) and known-knowns (total certainty). These unknowns create uncertainty in projects. In construction project management, there is a fundamental assumption that considers the construction process as a linear, simple and sequential process [35]. However, Wood and Ashton [36] argued that a closer examination of the construction process reveals it as a dynamic and complicated process that interacts with a number of inherent uncertainties. In general, many construction projects lack important information at the beginning of the project life cycle, and this increases project uncertainty [27]. In comparison to a new build, building refurbishment projects are more difficult to control [37]. Uncertainties are not only present at the early phase of the project but also can emerge at any stage throughout the life cycle of refurbishment projects [22,38]. These unknowns create uncertainty and consequently cause cost overruns, time delays and, importantly, impact safety. In high safety risk projects, uncertainty has a connection to accidents and safety incidents due to unanticipated outcomes generated by the aforementioned unknowns [18]. Researchers have unveiled uncertainty factors at different stages (pre-project phase, design phase and construction phase) of projects [5,9,23,39]. Poor identification and assessment of project uncertainties at an early phase (design and planning) could create vulnerabilities at the construction phase [40]. For example, a lack of information during the design process could force designers to use their “gut feeling” in making design decisions, and ultimately, this creates safety problems at the construction phase of the building refurbishment process [40]. Therefore, it is vital to understand the determinants or sources of uncertainty at the planning phase (pre-project phase) of refurbishment projects. However, there is a lack of consistency in identifying the determinants of project uncertainty, specifically uncertainty that challenges project safety. Therefore, further research is important to develop a useful solid factor structure of project uncertainty in building refurbishment projects.





2. Methods


The aim of this paper was to conceptualise project uncertainty by identifying uncertainty factors in construction refurbishment projects and uncertainty management strategies. First, a systematic literature review method was followed to identify the determinants of project uncertainty and to develop the factor model. A systematic review of the literature provides better identification of determinants, management strategies, gaps and trends in the context of studies and provides future direction for potential enhancement in the construction industry. The methodological process followed in this research is illustrated in Figure 1.



Developing a protocol is an important step in the process of reviewing quality literature [41]. This review adopts the guideline of Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) [42]. The review protocol consisted of two main inclusion criteria: (1) studies that revealed determinants of project uncertainty, uncertainty management and studies that were conducted in the context of projects or particular to building refurbishment (2) well-esteemed peer-review journals and conference papers and Phd thesis published in English. Structured searches were carried out using four databases including, Web of Science, Google Scholar, Science Direct and Scopus from commencement to April 2020. There is a dearth of literature relating to project uncertainty in building refurbishment projects. Therefore, in order to capture the most relevant determinants of uncertainty, both the literature on project management and building refurbishment was viewed. Therefore, the keywords used in the searches were: ‘Uncertainty’, ‘Project management’, ‘Building refurbishment’, and ‘safety’. Additionally, further articles were added through cross-referencing initially selected articles. The article selection process comprised three steps: (1) Title screening (641 studies were selected), (2) abstract screening (385 studies were selected), and (3) full-text screening. Finally, 53 articles were utilised to conceptualise the theoretical understanding of project uncertainty. Figure 2 illustrates the article selection process according to the PRISMA flowchart.



The descriptive analysis of selected articles emphasised the characteristics of studies included in the systematic literature review; a spreadsheet was used to facilitate the data analysis, including summarising data: title, year of publication and contents of study: project uncertainty factors and management strategies. The “science mapping” technique was used to develop the methodological patterns of key terms in the sourced literature. Hence, the co-occurrence of author keywords was used to provide further information on the research topic, i.e., identify the relationships, different categories, clusters, and inter-readiness among sub-topics related to the main topic [44]. A science mapping tool, VoSviewer software—Leiden University’s Centre for Science and Technology Studies (CWTS), Netherlands [45], was used to map the co-occurrence of author keywords. This process followed two steps (1) developing networks through the co-occurrence of author keywords and (2) generating maps that helped to interpret the relationships, patterns, trends, and outliers.



Apart from the aforementioned, the main data obtained from literature were analysed using direct content analysis to develop patterns and themes [46]. This method was appropriate in the case of incomplete prior research work on phenomena and where the researcher begins by using already developed categorisation or variables from prior research [46]. This research was designed to explore project uncertainty in a new context, building refurbishment project. The previously developed categorisation of project uncertainty by Cleden [15] was applied to this study. Hence, sub-themes were developed based on the interrelationships between main themes identified from the literature. By nature, this study is an exploratory study that is to posit a preliminary model for further investigation [47].




3. Findings and Discussion


3.1. Characteristics of the Selected Articles Included in the Analysis


3.1.1. Publishing Framework


Figure 3 illustrates the years of publication of reviewed papers, spanning between 2000 to 2019. At first glance, it is apparent that project uncertainty and their deliberations started after the year 2002. An increase in the number of papers from 2009 is arguably due to the increase in the dynamic and uncertain nature of social-technical systems such as construction.




3.1.2. Co-Occurrence of Author Keywords


The scientometric analysis of author keywords is accompanied by VOSViewer, which indicates the frequency of occurrence of key themes and their inter-relatedness. Several steps were followed in including and excluding keywords, (1). The threshold value was set as to a minimum of two occurrences. (2). The general themes, such as “buildings”, “construction”, and “human factor” were removed. (3). Keywords with the same meaning were merged, for example, “safety-critical”, “safety”, “uncertainty management”, and “managing uncertainty”. Finally, 10 main author keywords were shortlisted as envisaged in Figure 4.



It was observed that ‘uncertainty’ is strongly linked to refurbishment, safety, project management, complexity and project performance. As can be seen in Figure 3, uncertainty is the most frequently used term to describe the dynamic nature of refurbishment projects. In the network map, items with the same colour represent an identical cluster. Accordingly, there were three clusters representing the main topic of project uncertainty from the 53 papers. The green colour cluster represents ‘uncertainty management’ which also had links to two other main factors of uncertainty, risk and opportunity, which were described as negative and positive outcomes of uncertainty, respectively. Furthermore, observation of the network map revealed an important research gap, a lack of focus on uncertainty management, particularly on refurbishment projects. There was no link between the two nodes of refurbishment and uncertainty management.





3.2. Developing Project Uncertainty Factor Model


The papers reviewed extracted 23 factors of project uncertainty pertaining to construction projects focused on the nature of building refurbishment projects, and particularly, factors that lead to safety failures. An integration process of all factors into a single factor model removed the unrelated contextual factors and reconceptualised the balance in a comprehensive way. However, it was difficult to draw boundaries as there were many perceptions, abstract conceptualisations and broad definitions [48]. Therefore, as previously mentioned in the research method, this study used already developed classifications of project uncertainty from prior research.



In the literature pertaining to uncertainty, several researchers have articulated different classifications of uncertainty based on different phenomena. Uncertainty arising from internal and external sources on a project is one such classification of uncertainty [49]. Walker and Harremoës [50] have listed the location of uncertainty, level of uncertainty and nature of uncertainty as three further classifications. Zhu and Mostafavi [51] have classified the effect of uncertainty on construction projects into three different uncertain-induced perturbation as agent-related, information-related, and resource-related. With respect to missing knowledge, Cleden [15] identified four categories of uncertainty. Namely, uncertain information, uncertain understanding, uncertain temporal, and uncertain complexity. Similarly, Saunders and Gale [16] classified uncertainty into environmental, individual, complexity, information, temporal and capability in the context of civil-nuclear and aerospace companies. Complexity, information, knowledge/experience, individual manifestation, supplier organisation and project organisation were in a list provided by Perminova [12]. Not all project uncertainty affects project success [14]. Therefore, determining contextual uncertainty is important as it may affect the specific project objectives.



In reviewing the literature pertaining to project management, as opposed to the more specific focus on building refurbishment, it was concluded that not only project information but also inherent project complexity due to inherent aspects of existing buildings determine project uncertainty. As mentioned in the above classifications, individuals and the project team play an important role. Therefore, this study used the classification of Cleden [15] regarding project uncertainty (information, understanding, temporal, and complexity) which covers broad aspects of determinants of project uncertainty from different perspectives. Based on the aforementioned categorisation, we grouped the 23 project uncertainty factors to develop the factor model as exemplified in Table 1.



Table 1 is clarified in the following. However, some factors, despite being presented in the literature, were not included in Table 1. This was a consequence of the study’s focus. Other factors were merged as they were interpreted as the same element in different forms. For example, lack of a clear specification of what is required [54] encompassed ‘Unclear scope and objectives’. Amount of changes in refurbishment design [40] and design errors that will most likely necessitate redesign [37] were covered in ‘Design complications’. Generic elements such as perceived project complexity [16] were not explicitly mentioned in the list but implicit within generic determinants of complexity.



Uncertain information:



Table 1 shows that the theme ‘uncertain information’ appears explicitly with a dimension in the majority of studies. Unavailability, inconsistency or lack of accurate information often affects decision making, planning assumptions, estimation and accurate specification of scope in the project [15]. Collecting various artefacts (information) required for a project is a complex activity involved in building refurbishment projects [69]. Information should derive from various sources, such as information pertaining to the existing structure [68], adjacent structures [66], pre-construction conditions (strength of walls, the material used, and services installation) [70]. Due to uncertain information, project teams often tend to make a decision regardless of the consequences of the action that ultimately affect in achieving project objectives [26].



Uncertain complexity:



When considering intrinsic precedence, regardless of the academic debate between the term complexity and uncertainty, many researchers classified complexity as a major source of uncertainty [71]. Gidado [72] indicated that uncertain complexity arises from operational activities, resources employed and the environment. Daniel and Daniel [73] viewed complexity as the structure and dynamics of the project as a system. In building refurbishment, complexity was heightened by the operational working environment that includes occupants or building users [68]. Further, the working site of a refurbishment project may be an enclosed building which is difficult to control [74]. Ad hoc site problems in building refurbishment projects were heightened by limited space and difficult access [21,39].



Uncertain Temporal:



Project uncertainty changes as the project progress through its project life cycle. This is mainly due to the level of change in project information, direction and randomness of timing [16]. This was described as when a situation develops faster than or slower than expected [15]. Uncertainty is not only a source from the external environment but also a cognitive reaction of individuals [12]. Viewed from a temporal perspective, it is difficult to determine the right time to act and how much time is needed to resolve the problem before it transitions to a crisis [15]. It also emphasises the trade-off decision on whether to act or not [15] in terms of safety or quality [75]. In many scenarios, temporal uncertainty arises due to project turbulence [24]. This may manifest in repeated changes in project scope, requirements, permitted methods and objectives [24]. Consistent with theory, project uncertainty gradually reduces as a project progresses [27]. However, uncertainty can arise at any point in time in a refurbishment project due to the intrinsic characteristics of the project. The project’s external environment, as well as the project environment (unforeseen site conditions related to existing/ neighbouring structures) are subject to change as a project progresses, and can affect pre-planned construction methods.



Uncertain understanding:



The gaps in knowledge pertaining to contextual information, the degree of understanding of the process and underestimation of specific past events may create a background for uncertainty [76]. From a knowledge perspective, all the individuals in the project are responsible for providing critical knowledge about the situation as a team [77]. Understanding each project activity, their interrelation with other project activities, their influence on the project outcome plays a key role in the success of the project [15]. Uncertainty in terms of the technical method to be used, lack of specification for project operations, unfamiliarity with project environment and resources also emphasises the uncertain understanding of the project [72]. Understanding how information interrelates is important to avoid uncertainty [15]. A Refurbishment project is a unique endeavour that involves considerable novel activities, and a project team requires experience in performing tasks and making decisions with respect to changes in the project. Workers need to devote extra effort to making decisions beyond the procedures to ensure safety during the refurbishment project [6]. However, the ability of rational acts are constrained as a result of poor information, time constraints to make rational decisions and limited cognitive capacity [16].



Even though the literature largely highlights the environmental uncertainty of a project, it is placed under the category of complexity rather than setting it as the fifth category of uncertainty. In addition, Bosch-Rekveldt and Jongkind [78] categorised environment and technological perspective of uncertainty under project complexity. Overall, the factor model (Table 1) consisted of an integrative set of factors that contribute to project uncertainty in a building refurbishment project.




3.3. Strategies for Managing Project Uncertainty


The academic literature that focused on elements of project uncertainty also proffered the main attention towards ‘How to manage project uncertainties’. The term ‘managing uncertainty’ appeared in many literature sources intended to convey that project uncertainty cannot be completely eliminated from the system but only managed to a certain extent [14,79]. The key process of uncertainty management begins with an effective risk management process [16]. However, traditional risk management systems, highly based on assumptions of static conditions, are not effective in dealing with uncertainty [80]. In the context of safety, the effectiveness of traditional safety approaches has been limited in the nature of uncertainty as they largely focused on prevention and protection [81]. The collective summary of strategies for coping with project uncertainty and their description are presented in Table 2.



All the strategies that were identified were grouped under main themes that appear with the description of each strategy in Table 2. Noteworthy, 12 main strategies for coping with uncertainty were identified. Most of the studies proposed ‘learning’ and ‘flexibility’ as effective methods of uncertainty management in a project environment. Communication, adaptability and sensemaking were also raised seven, six, and four times, respectively, in previous studies.



Apart from the aforementioned, two comprehensive uncertainty management concepts highlighted in the existing literature were Resilience Engineering (RE) [6,15,96] and High-reliability Organisation (HRO) [18,67,97]. Both concepts have gained substantial value in managing performance in uncertain, dynamic, and complex socio-technical systems [98,99]. Authors such as Pillay [100] have argued both these concepts need to be embraced to improve safety in construction projects. Interestingly, a thorough investigation of the theory of RE and HRO emphasised that strategies identified in Table 2 could be either categorised under the concept of RE or HRO (for example, see [101]). Both concepts, HRO and RE, are characterised by the human capability for adaptation, imagination, and mindfulness, which enable people to maintain performance and safety concurrently in an unexpected situation. This is achieved through flexibility in operation, learning, quick feedback through communication, rich awareness, imagination to anticipate, etc. [101]. Therefore, practising HRO or RE in a project work environment helps project managers cope with uncertainty in hazardous projects. However, there is a scarcity of studies pertaining HRO and RE in the context of construction [101]. This is a noticeable gap in the literature. There is an opportunity to investigate the role of HRO and RE in hazardous projects such as building refurbishment where project uncertainty is high.




3.4. Use of Uncertainty Factor Model and Uncertainty Management Strategies


Theoretically, the proposed uncertainty factor model and management strategies help researchers to identify the concepts in the field of project management, more specifically in the context of building construction and thus contribute to theory development. The proposed model and management strategies are also useful in practice. The assessment of uncertainty factors aids in actively managing project performance [23]. The application of the uncertainty factor model in a project would provide a basis to assess the uncertainty of construction refurbishment projects. Also, the model can be used as a tool that enables identification and anticipation of where uncertainty can arise in a hazardous environment, such as refurbishment projects. The identification of determinants of project uncertainty would help the risk evaluation process in the early phases of the project. Since project uncertainty could emerge at any phase of a projects life cycle, the use of the model at different stages would help to establish vigorous uncertainty management strategies which match each project phase.



Uncertainty management strategies presented in Table 2 involve an additional cognitive and behavioural process as opposed to basic risk management processes. In line with the strategies outlined, the project/safety manager could establish the required competencies in the project organisation to manage particular uncertainty in refurbishment projects. Practising these uncertainty management strategies in a project environment would help to keep the focus on project outcomes while performing in the midst of uncertainty. This potentially maintains a balance of safety and production.



The ultimate utility of the uncertainty factor model and uncertainty management strategies (Table 2) lies in its ability to enable project professionals to identify the changing shape of risk due to any inherent project uncertainty at different project phases and subsequently develop the required capabilities within the project team to cope with unforeseen risks. Eventually, from a safety management perspective, this would potentially help to reduce the number of incidents and injury claims in a project, thus improving overall project safety performance.





4. Conclusions


It is widely known that building refurbishment projects are inherent with project uncertainty. A lack of industry-specific factor models of project uncertainty can lead to poor uncertainty management and thus impact project performance. This research was aimed at conceptualising project uncertainty by conducting a systematic review for characterising project uncertainty in building refurbishment projects. At the time of the search, a total of 53 articles were identified, dating from the year 2000.



The literature analysis discovered 23 determinants of project uncertainty pertaining to construction refurbishment projects. Since the research sought to establish an industry-specific factor model, the research clustered the 23 determinants into four main categories of project uncertainty as (1) uncertain information, (2) uncertain complexity, (3) uncertain temporal, and (4) uncertain understanding. The study further revealed twelve strategies to address project uncertainty and to promote guaranteed project performance. Among the identified strategies, both ‘learning oriented’ and ‘flexible’ working environment were the most frequently raised among all the reviewed articles. As such, this study makes an expedient contribution to the body of knowledge on project uncertainty, specifically in construction refurbishment and project management literature. Practically, the study offered a glossary of terms where uncertainty can arise in a refurbishment project and reinforce the need for specific strategies and skills that the project team could deploy in a hazardous environment such as building refurbishment. Having a comprehensive assessment of project uncertainty helps a project manager grasp the dynamic nature of their project, better prepare for risks as the project progress and consequently enables the management of uncertainty to deliver a safe project.



There were several limitations in this study that should be recognised. The study was based on theoretical findings; searched strategies were limited to the inclusion criteria, and no critical appraisal using a scoring approach of the articles was presented. Therefore, the findings reported in this paper stand as a preliminary model and starting point for future research on assessing and managing uncertainty on building refurbishment projects. Furthermore, the authors acknowledge that the classification of determinants of project uncertainty into a taxonomy is highly subjective; confirmatory factor analysis is required to confirm the industry-specific factor structure prosed in this study. Subsequently, further studies will examine the holistic effect of project uncertainty on project safety performance. The scientometric visualisation map drawn from author keywords in this study revealed that there is a clear gap in investigating appropriate uncertainty management approaches in refurbishment projects. Indeed, further research is required in this field to elicit the pertinence of the management strategies proposed in this study.



The findings and patterns of this study, therefore, not only aid in enhancing the existing knowledge of project uncertainty in relation to construction refurbishment but also provides a comprehensive platform for the development of further studies in the field. Further, the factor model suggests that the proposed taxonomy has the ability to encourage uncertainty assessment and is a useful tool for industry practitioners in order to effectively manage project uncertainty.
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Figure 1. The steps of the research. 
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Figure 2. Stages of the material selection process (Adapted from [43]). 
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Figure 3. Number of papers published on uncertainty in refurbishment and project management over the reporting period. 
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Figure 4. Mapping the co-occurrence of author keywords. 
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Table 1. Uncertainty factor model.
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Classifications

	
Factors/Determinants

	
Studies






	
Uncertain information

	

	
Imprecise: multiple and conflicting interpretations of the same information






	
[23,26,40]




	

	
Information is totally unavailable






	
[22,23,26,37,39,40,52,53]




	

	
Volatility: information can change rapidly at execution






	
[26]




	

	
Ambiguity with regard to available information (multiple documents/sources)






	
[54]




	

	

	
Insufficient communication of information across interfaces






	
[22,36,55]




	
Uncertain complexity

	

	
Space limitations in building or on site






	
[9,23,53,56]




	

	
Difficult in access to building or site






	
[5,9,39,40,52,53]




	

	
Structural issues with an existing building






	
[23,52,53]




	

	
Many trades or parties working in close proximity (building users/public)






	
[16,23,38,53,56,57]




	

	
Technological complications






	
[33,49,56,58]




	

	
Design complications/errors






	
[23,37,40,53]




	

	

	
Interdependency between project elements






	
[54,59]




	
Uncertain temporal

	

	
Speed of changes in project methods, tasks, team, structure, and deliverables as project progress






	
[33,54,59]




	

	
Speed of changes in project goals






	
[33,54,59,60]




	

	
Time scale






	
[11,16,60]




	

	
Speed of change in the external environment as a project progresses (building occupants/uses, technological advancement, legislative changes, and weather conditions)






	
[33,49,53]




	

	
Speed of change in project environment (unforeseen site conditions related to existing/neighbouring structures) as a project progresses






	
[6,21,22,60]




	
Uncertain understanding

	

	
Lack of uniformity and novelty in work task






	
[54,61]




	

	
Lack of a clear specification of project scope and objectives






	
[37,54,61,62,63]




	

	
Difficult to anticipate events and modify decisions at the right time






	
[16,22,26,53,54,59,61,64,65,66]




	

	
Work activities with no well-defined procedure






	
[33,54]




	

	
Lack of experience of this particular activity/experience of the project team






	
[25,26,48,53,60,65,67]




	

	

	
Clarity of construction methods employed






	
[20,66,68]
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Table 2. The uncertainty management strategies.
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	Element
	Description
	Source





	Learning
	Transfer unknown to known risk through experience and knowledge, lessoned learn from past events
	[12,14,16,18,25,62,73,77,82,83,84,85,86,87,88]



	Flexibility
	Flexibility in responding to different situations through clarifying and managing anticipated trade-offs between multiple performance objectives
	[6,14,16,25,82,83,85,89,90,91,92,93]



	Adaptability
	Adaptive action based on situational constraints and possibilities rather than relying on fixed plans and standards
	[14,85,86,94]



	Preparedness
	Preparing to cope with unexpected events
	[90]



	Awareness
	Awareness of changing situations in the environment and monitor performance against criteria
	[90,92]



	Sensemaking
	Build systems thinking (think of multiple alternatives to reach a decision)
	[14,18,25]



	Collaboration
	Facilitated interaction and coordination between project parties
	[17,77,93]



	Anticipation
	Envision of future scenarios from different perspectives
	[6]



	Communication
	Processes to communicate information throughout the organisation and between project partners
	[16,17,25,50,90,95]



	Autonomy
	Self-determination of goals and rules to achieve them
	[77,93]



	Selectionist
	Multiple explorations before making a decision to achieve an outcome
	[87,88]



	Leadership
	Support trust-building, empowered personnel, and accept different opinions
	[57,77]
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