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Abstract 

The transfer of information between the different phases of construction projects is 
limited, which complicates the quality assurance of configurations. Functional 
requirements on the building configuration are often ambiguous and lack measurable 
acceptance criteria. Vaguely described criteria provide an insufficient basis for the design 
and verification acceptance values. The contractor is often the first to consider the 
feasibility just before or during the production phase. However, feasibility including 
production methods should be considered with the establishment of each design solutions. 
Costs or time consequences are often the basis for change decisions, while the 
investigations of the impact on the building configuration and functionality are 
insufficient. A continuous flow of information with functional requirements as a 
controlling factor is required to control configurations. Functionality that ensure high 
quality patient care are essential in health care facilities, therefore the control of the 
configurations are particularly important. 
 
This licentiate thesis shows how configuration information in healthcare construction 
projects can ensure necessary building functionality. The following information areas are 
identified as necessary for control of configurations: function, verification, design 
solution, production and change control. All information is related and changes in one 
area affect the others, directly or indirectly during construction projects. The studies that 
are the basis of this licentiate thesis show that the management of configuration 
information was deficient in healthcare construction projects, especially regarding 
availability and interconnectivity. In addition, the information was not available at the 
right time during the construction process, which impaired configuration control. For 
example, verification methods were not available until the end of production. This 
precluded verification of intended functionality through large parts of the construction 
project. Detailed change information from digital models of buildings can significantly 
improve control of configurations, but this requires standardisation of input data. 
 
In the manufacturing industry, configuration management is practised to ensure that 
products fulfil the required functions throughout their entire lifecycle. Development of 
new technologies, such as digital processes and industrialised construction, require that 
construction projects develop working processes similar to those of the manufacturing 
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industry. The risk of unnecessary rework with subsequent cost increases, delays and 
environmental impact decrease with increased control of the configuration. In 
construction projects, systematic management of configuration information can ensure 
delivery of healthcare facilities with intended functionality.
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Sammanfattning 

Överföringen av information mellan de olika faserna i byggprojekt är ofta begränsad, 
vilket försvårar kvalitetssäkring av utformningen. De funktionella kraven på byggnadens 
utformning är ofta tvetydiga och saknar mätbara acceptanskriterier. Det ger en otillräcklig 
grund för projekteringslösningarnas och verifieringsmetodernas acceptansvärden. 
Möjligheten att färdigställa en utformning övervägs ofta av entreprenören precis före eller 
under produktionsfasen, men bör säkerställas för varje projekteringslösning. Beslut 
gällande ändringar baseras ofta på kostnads- eller tidskonsekvenser, medan utredningar 
av hur byggnaders utformning och påverkas är otillräcklig. Ett kontinuerligt 
informationsflöde med funktionella krav som styrande faktor krävs för att kontrollera 
utformning. Kvaliteten på patientvården måste säkerställas i vårdbyggnader, därför blir 
kontroll av utformningen är särskilt viktig. 
 
Denna licentiatuppsats visar hur utformningsinformation i vårdbyggnadsprojekt kan 
säkerställa anläggningens funktionalitet. Följande informationsområden identifieras som 
nödvändiga för kontroll av utformningen: funktion, verifiering, designlösning, 
produktion och ändringskontroll. Information gällande utformningen av en byggnadsdel 
är relaterad och ändringar inom ett område påverkar de andra, direkt eller indirekt under 
ett byggprojekt. Studierna som ligger till grund för denna licentiatuppsats visar att det 
finns brister inom alla områden av utformningsinformation, speciellt gällande 
tillgänglighet och sammankoppling. Kontroll av utformningen försvårades dessutom av 
att informationen inte var tillgänglig vid rätt tidpunkt under byggprocessen. 
Verifieringsmetoder fanns till exempel inte tillgängliga förrän i slutet av produktionen. 
Det försvårar säkerställandet av avsedda utformning genom stora delar av projektet. 
Detaljerad information från digitala byggnadsmodeller kan förbättra kontrollen av 
vårdbyggnaders utformning, men det kräver standardisering av indata.  
 
Tillverkningsindustrin utövar konfigurationsledning för att säkerställa att produkters 
utformning motsvarar kravställda funktioner genom hela deras livscykel. Utvecklingen 
av nya tekniker, såsom digitala processer och industriell produktion, kräver att 
byggprojekt utvecklar arbetsprocesser som liknar de i tillverkningsindustrin. Risken för 
onödiga omarbetningar med efterföljande kostnadsökningar, förseningar och 
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miljöpåverkan minskar med ökad utformningskontroll. Systematisk hantering av 
utformningsinformation i vårdbyggnadsprojekt kan säkerställa att leveransen uppfyller 
avsedd funktionalitet.
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Chapter 1  
 
Introduction 

Traditionally, engineering processes include designing, developing and producing 
technical artefacts. Besides structure and function of technical solutions, the intended use 
is an important aspect. In construction projects, technical artefacts will not fulfil the client 
requirements without conversion to measurable functions. Thereafter, the design 
solutions should connect feasible technical solutions to every function. Establishing 
feasible production methods for design solutions ensure an efficient realisation. 
Continuous verification of functions and control of configuration changes prevents 
deviations from the requirements of the client. Compared to other buildings, healthcare 
facilities have configurations that are more complex. In order to ensure safe and adequate 
care of patients, the requirements for functionality are high. Clearly defined 
configurations that are maintained throughout the construction process will ensure 
healthcare facilities with the intended performance at delivery. Previous studies suggest 
that unambiguously described building configurations improve overall outcomes in 
construction projects and prevent unnecessary construction work. Hence, systematic 
management of configuration information has the potential of improving product quality, 
as well as a decrease of financial and environmental impact. Reducing the construction 
industry’s environmental impact requires control of configurations to minimise 
unnecessary rework and increase building lifecycles. 

1.1 Project versus product management 

Today, the success of construction projects does not only depend on the measurements of 
time, cost and quality. Other criteria are also important, such as client strategies and 
product performance (Ryd and Fristedt, 2014, Pärn et al., 2017).  Traditionally, 
construction projects focus on processes and outcomes (Shen et al., 2010), while the 
definition of the product often is incremental and continue even during production (Stasis 
et al., 2013). In product development and manufacturing, the product configurations and 
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the realisation methods are defined before the production starts (Zhang, 2014). New 
techniques, such as digitalisation, artificial intelligence and automation require a shift 
towards more product focused processes in construction projects. Figure 1.1 shows the 
differences between focus on project outcomes and product configurations. In a product 
focused process, the functions with acceptance values for each verification method should 
constitute the controlling factor throughout the entire construction process (ISO, 2017), 
as shown in Figure 1.1. According to ISO 10007:2017 guidelines, configuration 
management include processes that ensure intended product performance during the 
entire product lifecycle (ISO, 2017). Figure 1.2 shows the flow of configuration 
information from the client through construction projects and back. In the future, 
configuration information is a prerequisite for optimising the benefits of digital and 
automation technologies. The forthcoming fourth industrial revolution provides new 
opportunities to automate the processing of great data sets. This enables improved control 
of configurations that will ensure a high quality of healthcare facilities. Industrial 
construction requires predefined products and production methods, which enables further 
possibilities to control the configurations of healthcare facilities. Predefined building 
configuration based on data from previous projects and the operational use enables 
optimisation and testing healthcare facilities. In addition, the development of automated 
production methods connected to the predefined products will increase efficiency and 
ensure realisation during construction. 
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Figure 1.1: Project versus product based approach in construction projects. 
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Figure 1.2: The flow of configuration information between the client and   the 
construction project (Photos; Locum AB image archive). 
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1.2 Aims and goals 

The aim of this licentiate thesis is to fill a knowledge gap regarding the availability and 
use of configuration information in the context of healthcare construction projects. As 
this subject is relatively unexplored by researchers, the focus is on describing which 
information is required to control configurations. The goal is to create a knowledge basis 
for further research and operational improvements regarding configuration information 
in healthcare construction projects. The thesis addresses the following research questions: 
 
1. What information regarding configurations of healthcare facilities is required to 

ensure high performance? 
 
2. How is configuration information managed in current healthcare construction 

projects? 
 
3. How can data from object models be used to improve control over configuration 

changes in healthcare construction projects? 
 

4. What are the benefits of focus on configurations when implementing future 
technologies? 

1.3 Research methods 

The method chosen for this licentiate thesis was conceptual theory building, where 
previous research and current practice are synthesised (Meredith, 1993). This method 
consists of two interrelated parts, an operational problem and a scientific model. The 
operational problem was inadequate control of configurations in healthcare construction 
projects, resulting in insufficient performance (Van Hoof et al., 2015). Previous research 
relating to the key areas of configuration information and the ISO 10007:2017 guidelines 
(ISO, 2017) was the basis for the scientific model. The conceptual model of Paper I and 
framework of Paper II synthesised an operational problem with a theoretical model. In 
addition, the current practice was investigated in Papers I and II. Project managers of 
Swedish healthcare constructions gave their opinions about available configuration 
information and configuration changes through a web questionnaire. The respondents 
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represented ten Swedish regions (corresponding county councils), which together 
managed 72% of the total public healthcare facility area and accounted for 79% of the 
total investments (KOLADA, 2019). Paper II studied management of configuration 
changes using quantitative analysis of building information models and manual logs.  
 
The context of the healthcare construction was limited regarding the geographical area 
and non-specialised inpatient and outpatient healthcare facilities to avoid the influence of 
external parameters. Techniques associated with the fourth industrial revolution will 
require an increased product focus. The quantitative literature review in Paper III explored 
potential research gaps regarding new technologies in construction projects. 

1.4 Limitations 

Studies on configuration information in construction projects are not common. 
Conceptual theory building was chosen to synthesise knowledge from relevant adjacent 
research areas. The validity of this method is dependent on the assumptions made. 
Accuracy was improved by using an established international standard for configuration 
management (ISO, 2017) as a theoretical basis for the synthesis. Configuration 
information is important during the entire lifecycle of a building, but this licentiate thesis 
is limited to the management in construction projects. Although this excludes other 
aspects of configuration management, they are considered as prerequisites in the 
continuous flow of information (see Figure 1.2). The investigations of the current 
management of configuration information were limited to Swedish conditions. However, 
previous research regarding information management in construction projects confirms 
many of the findings from Papers I and II. This implies that the results may apply to other 
construction projects and countries. 
 
 
 
 
 
 
 



 
 
 
 

 

7 
 

1.5 Disposition 

The basis of this compilation licentiate thesis is three peer-reviewed journal papers: 
 
Paper I proposes a conceptual model for systematic management of configuration 
information applied to the construction project process. The common practice in Swedish 
healthcare construction projects was also studied.  
 
Paper II studies current practice regarding control of configuration changes in 
construction projects in healthcare and explores how digital information from object 
models can be used for this purpose.  
 
Paper III presents a quantitative literature study of research regarding   new technologies 
in construction projects from 2015 to 2020. 
 
Outline of the thesis: 
 
Chapter 1 introduces the subject of configuration information in construction projects.  
 
Chapter 2 presents literature reviews of configuration information with the perspectives: 
care facilities, management and digital models. 
 
Chapter 3 answers the research questions based on the results of the appended papers 
and previous studies. 
 
Chapter 4 summarises the appended papers. 
 
Chapter 5 discusses the results presented in chapter 3. 
 
Chapter 6 provides general and specific conclusions connected to the research questions. 
In addition, areas for further studies are recommended.  
 
Terminology list explaining the most common terms in this thesis. 
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Chapter 2 
 
Healthcare facilities and 
configuration information 

The World Health Organisation defines buildings that enable patient diagnosis, treatment 
and care as healthcare facilities (WHO, 2020). This broad definition entails a great 
number of functional requirements that differ between countries and type of healthcare 
buildings. In general, building configurations are complex with interrelated systems that 
together fulfil the intended functionality. Healthcare facilities have specific functional 
requirements and insufficient building performance increase the risk of inadequate patient 
care. First, there are many stakeholders with different functional requirements on spaces, 
installations and operational flow. Individual decisions in the early phases of a 
construction project have a considerable impact on the production phase and operational 
use (Adam et al., 2019). Second, designers must verify that their technical solutions fulfil 
the functional requirements throughout the construction process (Van Hoof et al., 2015). 
Figure 2.1 shows an operating theater from the clinical functionality perspective and the 
complex combination of technical solutions that ensure sufficient performance. 

2.1 Healthcare facilities configurations 

There are standards for healthcare facilities regarding functionality, but few on how the 
building configuration should fulfil this. General building codes, environmental 
certifications and performance evaluations are applied and adapted to fulfil the different 
functional requirements. Ad hoc management without clear directives may be adequate 
for less complex projects, but not for long term projects where conditions and 
stakeholders changes. The complexity of healthcare facilities requires structured 
processes during a construction project. Therefore, the clients of healthcare construction 
projects have a responsibility for providing clearly defined processes during the entire 
construction process (Adam et al., 2019). Healthcare facility configurations regularly 
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require alterations due to new requirements on functionality and the rapid development 
of medical technology (Lavikka et al., 2019). For example, Magnetic Resonance Imaging 
(MRI) equipment is sensitive to vibrations, external magnetic fields and radio waves. The 
configuration of MRI facilities will require a structure that reduces vibrations and to 
shield from external sources of interference (Avci et al., 2019). The overall structures and 
transport routes in a healthcare facility must enable daily supplies without interfering with 
the flow of patients, clinicians or visitors (Hicks et al., 2015). Figure 2.2 shows an 
example of the complex configuration of an emergency ward, which much enables many 
clinical functions and parallel flows. Constantly changing conditions require that the 
configuration enable multiple operational uses. Digital models of buildings enable 
collaborative design that improves the quality of configurations and efficiency (Oh et al., 
2015). However, this requires standardisation, infrastructure and expertise in client and 
Architecture, Engineering and Construction (AEC) organisations. 
 
More focus on product development with clearly defined healthcare configurations will 
improve conditions for construction project implementation. Evidence based design 
solutions increase the possibility of delivering healthcare facilities that fulfil the intended 
functionality. Mock-ups enable determination of functional requirements by systematic 
evaluation of various healthcare scenarios with different configurations (Bayramzadeh et 
al., 2018). Virtual reality allows end-users to evaluate configurations for different 
purposes (Ding et al., 2019). The difference between evidence based design and 
configuration management is that the later consider verification, control of changes and 
realisation. During the entire construction process, more focus on the configuration 
ensure functionality by determination of requirements, verification of design solutions 
and evaluation of operational use (Joseph et al., 2014). 
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Figure 2.1: Illustration of the connection between clinical functions and technical 
solutions that should fulfil them (Photos; Locum AB image archive). 
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2.2 Construction projects and configuration 
information 

The overall purpose of controlling configurations is to optimise the value throughout a 
buildings life cycle. Configuration management is practised by industries involved in 
product development and manufacturing to ensure product performance in a lifecycle 
perspective (Zhang, 2014). An important part of this management is accurate information 
about the configuration. The baseline configuration should contain all functional 

Figure 2.2: Illustration of an emergency ward that should allow many parallel 
movements of people and supplies to fulfil clinical functions (Illustration; 
Locum AB image archive). 
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requirements determined by the client with associated acceptance criteria (Toor and 
Ogunlana, 2010). Verification methods and acceptance values for designers and 
contractors enable continuous control that the intended functions are fulfilled (Jensen and 
Maslesa, 2015). During both design and production phase, control of changes prevents 
product deviation (ISO, 2017).  
 
The construction industry traditionally uses sequential processes that make information 
exchange fragmented, which increases the risk for deviations from the intended 
configuration. Figure 2.3 shows that each step of the sequential process increases the risk 
of insufficient information and inadequate products. A change towards more product 
focus processes requires interrelated configuration information with functions as the 
controlling factor in the design, the production, the verification and the change 
management, as shown in Figure 2.4. The configuration information should be accessible 
and transparent to stakeholders in the construction process. 
 
Using insufficient information about functions as the basis for the designers’ technical 
solutions increases the risk of configurations that deviate from the client’s intent (Chun 
and Cho, 2015). The production methods are often not considered until after the award of 
the contractor, which lead to inefficiency and deviation from the intended configuration 
due to unachievable solutions (Stasis et al., 2013). Construction projects focus their 
analysis of change implications on time and costs, while consequences for the intended 
functions are not considered. Each time the configuration is changed, the effects on 
functionality and overall performance should be analysed (ISO, 2017). Verification of 
functions is often done as built, which results in increased risk for rework to correct 
insufficient performance (Parvan et al., 2015). Increased focus on the healthcare 
configuration in construction projects require changed processes; the client must provide 
feedback on how well design solutions fulfil functional requirements in operational use. 
Designers and contractors should collaborate to ensure that information about the 
building configuration is accurate in real time (Porwal and Hewage, 2013).  
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Figure 2.3: The increased risk of information loss and inadequate products with 
sequential management of configuration information. 

Figure 2.4: Decreased risk of information loss and inadequate products with 
interrelated configuration information. The functions are the controlling 
factors in the design, the production, the verification and the change control. 
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There are different methods that ensure a product with high performance and client value, 
such as Concurrent Engineering, Value Management and Quality Function Deployment. 
All of these emphasise the importance of configuration information. Processing client 
requirements is an important part of Concurrent Engineering (CE) (Evbuomwan and 
Anumba, 1998, Kamara et al., 2001). Thereafter, functions are set that fulfil the clients’ 
requirements. Multi-disciplinary teams that consider all aspects of the construction 
process ensure fulfilment of the products functional requirements, which reduces 
activities that do not add value (Love and Gunasekaran, 1997). The key stakeholders in 
construction projects, such as clients, designers, contractors and end-users, often have 
separate working processes (Oh et al., 2015). This impedes the optimisation of the product 
design and realisation (Shouke et al., 2010). In Value Management (VM), the 
performance of the product is creating the value (Green, 1994). The aim is to reach a 
common perception and agreement with stakeholders on acceptance values for the design 
solutions. Assisting the client in the development of functional requirements contribute 
to an adequate configuration and an increased product value (Luo et al., 2011). A clearly 
defined configuration, team composition, client involvement and adequate time are 
factors that have an impact on the outcome of VM (Shen and Liu, 2003). Quality Function 
Deployment (QFD) supports the evaluation and prioritisation of functions and design 
solutions before implementing them in the product configuration (Kamara et al., 2001). 
Converting the client requirements to product functions enables efficient work in the 
design phase. Design decisions based on required functions ensure a product that fulfils 
the client’s intent (Kiviniemi, 2005). Thereafter, the production team uses the 
configuration information to determine feasible methods in the realisation of the product 
(Wood et al., 2016, Bas, 2014). Figure 2.5 illustrates the connection between 
configuration information from operational use, design solutions and production 
methods. 
 
The fourth industrial revolution brings digital and automated processes based techniques, 
such as 5G, artificial intelligence and robotics. Implementation of these new processes 
will require more focus on the building configuration in construction projects, similar to 
those conducted in product development and manufacturing (Oesterreich and Teuteberg, 
2016). Development of standardised products based on evidence and performance 
evaluation increases the quality (Ding et al., 2019). Construction methods that realise the 
configuration should be determined before the production starts (Bock, 2015). Automated 
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digital processes can continuously verify the fulfilment of intended functions and raise an 
alert in case of deviations.  

 
 

 
The world faces great challenges because of climate changes and the requirements on 
long term sustainability are high. In 2017, the construction industry globally accounted 
for 11% of the emissions and 6% of the energy consumption (UNEP, 2018). Moreover, 
the construction industry is a great consumer of non-metallic minerals, which accounts 
for two thirds of the total resources extraction (UNEP, 2019b). The construction industry 
is also chemical-intensive causing both labour exposure and hazardous waste (UNEP, 
2019a).  Configurations with long building lifecycle and multiple operational reduce 
unnecessary rework and reconstructions, which will decrease the AEC industry’s impact 
on the environment (UNEP, 2018). 

2.3 Digital models of buildings and configuration 
information 

In the AEC industry, the use of Building Information Modeling (BIM) is increasing. 
There are many definitions of BIM, including both collaborative processes as well as 

Figure 2.5: Illustration of how configuration information from operational, design and 
production are related (Illustration; Locum AB image archive). 
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representations of facility characteristics. Figure 2.6 shows three different standards 
associated with BIM, defined by the International Organization for Standardization (ISO).  
International Framework for Dictionaries (IFD) is an ontology of terms used to exchange 
information during modelling of digital building information. Information Delivery 
Manual (IDM) describes processes and information flow between involved parties during 
a building lifecycle. Industry Foundation Classes (IFC) defines exchange formats for 
information, i.e. schemas. The digital models provide large amounts of data about 
building configurations that can be used to ensure a high quality of performance in 
construction projects (Mohammadpour et al., 2019). The digital model should be an exact 
representation of the actual building configuration during the entire lifecycle to add 
optimal value. This requires quality assurance that the configuration information reflects 
the actual configuration during design, on site and as built.  
 
Designers should have access to the digital models of buildings updated in real time to 
get the right conditions for their solutions (Oh et al., 2015). To obtain full control during 
the production, the models should be equivalent to the configuration on site (Hamledari 
et al., 2018). Figure 2.7 shows how a digital model of a building is made available at a 
construction site. The digital building model is part of a construction project's delivery to 
the facility owner and it should represent the configuration as it is built (Pärn et al., 2017). 
Construction projects mainly use BIM for design and technical purposes, while the use 
for management purposes is less explored (Oraee et al., 2017). Property and AEC 
organisations have different information management strategies, which impairs the flow 
and accessibility (Moscati and Engström, 2019). 
 

 
 
Figure 2.6: Building information modelling and associated international standards. 
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The full potential of digital models cannot be achieved if they do not correspond to the 
configuration in real time. Interoperability is one of the most common research subjects 
regarding BIM (Santos et al., 2017). Industry Foundation Classes (IFC) is a measure taken 
by the AEC industry to standardise and facilitate the transfer of data between involved 
parties (see Figure 2.6).  
 
The IFC file format and definitions are object oriented, which provide unique data for 
elements and their interrelationship per room, floor and the entire building (Autodesk, 
2018). This information is essential to control building configurations and prevent 
deviations from intended functionality. However, this requires that all involved 
organisations standardise their input data. Management of building configurations 
requires measurable functions, verification, design solutions, feasible production methods 
and change control. Digital models offer an opportunity to make this information 
available and enable automated processing. This reduces the risk of product deviations in 
construction projects with subsequent cost overruns, delays, changes and rework. 
Digitisation and automation will alter the construction processes. The implementation of 
new technology is slow in the AEC industry compared to other industries partly because 
the potential value is not clarified (Oesterreich and Teuteberg, 2016). 
 

 

Figure 2.7: Terminal at construction site with access to the digital model of the building 
during construction (Photo; Locum AB image archive). 
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Chapter 3 
 
Configuration information in 
healthcare construction projects 

Healthcare construction projects manage buildings with high complexity where control 
of configurations is especially important to ensure functionality. The complexity includes 
stakeholders, structures, technology and requirements on evidence based designs (Van 
Hoof et al., 2015). Therefore, establishing and maintaining the building configuration 
throughout construction projects is especially important. In construction projects, the 
configuration information is often managed sequentially (Whyte et al., 2016). The model 
in Figure 3.1 shows that the key areas of information are interrelated and should flow 
back and forth. Information regarding functions, verification, design, production methods 
and change control will ensure the delivery of the intended configuration. 

3.1 Required configuration information 

Information about the required functions is an important part of the product lifecycle. The 
collection of functional requirements starts with identifying relevant stakeholders. In 
healthcare construction projects, stakeholders usually have limited technical knowledge 
and their needs are difficult to translate into design solutions (Van Hoof et al., 2015). 
Asking specific questions and defining relevant information support the capturing of 
implicit requirements from stakeholders (Burnay et al., 2014). In requirements 
engineering, the functions are connected to measurable acceptance criteria that constitute 
the conditions for all actions that alter the configuration (Arayici et al., 2006). 
Construction projects tend to minimise the planning phase when the requirements on the 
configuration are established. The results from Paper I confirm this, over half of the 
project managers considered design solutions to be present at the end of the planning 
phase. Asset owners require sustainable buildings over time that endorses multiple 
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functionalities. Plans for service life should be included in the functional requirements to 
obtain optimal performance in the operational phase (Marteinsson, 2003). The baseline 
configuration should contain all required functions, which thereafter is the basis for 
design solutions and verification of functionality (Kim et al., 2016). In Paper I, the project 
managers of healthcare construction projects regarded new requirements on functions 
common in both the design and the production phase. This indicates that the collection of 
requirements was inadequate. There are many different required functions in a healthcare 
facility and it is important to find technical solutions that fulfil as many as possible. 
 

 
 

 
 

Figure 3.1: The conceptual model of Paper I showing required configuration 
information with the key areas as headings and below the information 
relevant in construction projects. The arrows represent the relationship 
between the information in the different key areas.  
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The client decides which function to implement if there are conflicting requirements (ISO, 
2017). Results from Paper II show that the project managers had different opinions about 
who made these decisions regarding healthcare configurations. Documentation of the 
necessary functions with associated measurable acceptance criteria is often insufficient 
in healthcare construction projects (Martin, 2014). Measurable functions that can be 
evaluated in the operational phase improve the development of more sustainable 
constructions (Pärn et al., 2017). Use of prototypes enables clients to define and prioritise 
requirements (Kamara et al., 2000). For example, mock-ups help the end-users to test 
scenarios in a setting similar to the planned building configuration (Whyte et al., 2016). 
Digital building information models provide opportunities to visualise the intended 
configuration of a building in 3D, allowing end-users to evaluate if the functionality is 
fulfilled (Santos et al., 2017). Building configurations that allows for multiple purposes 
increases sustainability over time (Ryd and Fristedt, 2014). The United Nations 
Environment Programme identifies this as an important factor to reduce the 
environmental impact of the AEC industry (UNEP, 2018).  
 
Defining functions for a building should include verification methods, acceptance values 
and intervals between measurements, for both the design and the production phase. 
Continuous verification of functions ensures product quality and reduces changes due to 
unachievable products in the realisation phase (Fernandes et al., 2015). Inspections of 
performance in construction projects are often conducted as built, which increases the 
risk of inadequate products at delivery (Parvan et al., 2015). In the configuration 
management process, the acceptance values and verification methods are established with 
the baseline configuration to enable continuous monitoring of performance (ISO, 2017). 
Standardised measurement methods should be linked to each acceptance value, both in 
the design and the production phase. Data from object oriented IFC files allow for 
continuous monitoring of acceptance values to ensure adequate performance (Ding et al., 
2017). However, the construction industry often uses manually collected data, which 
impairs continuity and reliability (Solihin et al., 2015). The results from Paper II confirms 
this, as changes was managed in manual logs instead of using IFC-data. 
 
One example of a healthcare facility that requires complex configurations to ensure 
functionality is an MRI room (see Figure 3.2). The magnetic field of the MRI is directed 
by the gradient coils to create a predictable pattern that varies as a function of position, 
aligning the hydrogen atoms in the body part of interest. Thereafter, radio waves flip the 
atoms orthogonally and when turned off, they turn back. This causes weak radio waves, 
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which are detected by receivers. The data is then analysed and converted to images of the 
examined body part. An MRI generates vibrations, electromagnetic radiation and radio 
waves and is at the same time it is sensitive to external sources of the same. Any 
disturbances of vibrations or magnetic sources may potentially affect the quality of the 
MRI images. Figure 3.2 illustrates the principles behind an MRI examination from a 
micro and macro perspective. This section describes a real-life example from a new build 
of MRI rooms, where configuration information regarding vibration and distance to 
magnetic sources was insufficient. As shown in Figure 3.3, the function described by the 
client was ambiguous without measurable acceptance criteria. Adding requirements on 
end-user functionality, such as a specific resolution, would enable better control of the 
configuration (see Figure 3.1). The manufacturers’ requirements had clear acceptance 
values to prevent external disturbances that could affect the resolution. Design 
specifications are important to define the intended building configuration at delivery in 
construction projects. One of the crucial factors for having high quality technical 
specifications is that the designers base their specifications on measurable acceptance 
values defined by the client’s requirements (Doloi, 2012, Larsen et al., 2015). Inadequate 
design documentation and the following rework is one of the common causes of cost 
overrun and time delays in public construction projects (Adam et al., 2014, Lind and 
Brunes, 2015). However, project managers in Paper I considered complete design 
specifications second least important for the quality of healthcare facilities. Changes that 
are based on earlier solutions rather than the initial requirements increase the risk of 
delivering a building with insufficient performance (Kiviniemi, 2005).  
 
In the example of the MRI room, the designers transformed the functional requirements 
to verification values. Figure 3.4 shows that the verification values were different from 
those given by manufacturers and that distance of magnetic steel structures was not 
included. Multiplying factor (BSI, 1987) and walking induced vibrations were used as 
verification methods for vibrations. The walking vibrations value of < 2Hz was equivalent 
to the transient vibration limit of the manufactures. Vibration sensitive equipment such 
as MRI requires calculations that take into account several factors, such as the equipment 
induced vibrations, which the multiplication factor does not consider. Close collaboration 
with equipment manufacturers is recommended to determine verification values and 
sensitivity of measurement methods. 
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Figure 3.2: Illustration of principles of an MRI from a macro and micro perspective 
(Photo; Locum AB image archive). 
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The structural engineers started to design the configuration with the values given in Figure 
3.4 as basis. At the end of the design phase, they discovered that the acceptance value, 
i.e. the multiplying factor set in the design phase, did not fulfil the MRI manufacturers’ 
requirements for vibrations (see Figure 3.4). Columns had to be added at the underlying 
floor level, which affected the functionality in adjacent spaces and led to a multitude of 
configuration changes. Moreover, late in the design phase, it was discovered that there 
should be a certain distance between magnetic steel structures and the equipment, as 
shown in Figure 3.5. This resulted in replacement with non-magnetic steel beams, causing 
increased costs and production delays. In the example of the MRI facility, the ambiguous 
requirements and inadequate design specifications caused impaired functionality in 
adjacent spaces, cost increase and delays. A continuous verification of acceptance value 
fulfilment could have prevented this. 

Figure 3.3: Functional requirements to prevent impact on the MRI resolution (Photo; 
Locum AB image archive). 
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Figure 3.4: The decided acceptance values in the construction project used for 
verification. 

Figure 3.5: Configuration changes to correct insufficient build performance and 
achieve the intended functionality. 
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Despite various contexts and conditions, construction projects have problems with 
changes after the project's scope has been determined. Primary causes for changes in 
studies include erroneous designer specifications and stakeholder changing requirements 
(Lind and Brunes, 2015, Love and Li, 2000). Pre-project planning reduces the risk of cost 
overrun, time delays and insufficient product quality (Larsen et al., 2015). Decisions on 
changes in construction projects are often based on assumptions and previous experience 
rather than systematic handling, which cause unnecessary changes (Sun and Meng, 2009). 
Knowledge about change causes enables proactive measures (Ibbs et al., 2001). 
 
Improved control of configurations in the AEC industry may reduce several issues that 
construction projects encounter. The functional requirements and acceptance values 
constituting the baseline configuration is often ambiguous in construction projects, which 
result in an insufficient baseline configuration (Chun and Cho, 2015). In Paper I, the 
project managers of healthcare constructions considered structured management and 
documentation of functional requirements to have the greatest impact on end-product 
quality. However, new requirements were common in both the design and productions 
phase, which indicates that the information about functional requirements was not 
complete. 
 
The investigations of current practice in healthcare construction projects in Paper I show 
that required functions were not linked to measurement methods and acceptance values, 
which make verification of the configuration difficult. As in previous studies (Ding et al., 
2017), Paper I confirm that verification methods are not available until the end of 
production (see Figure 3.6). In addition, only half of the project managers considered that 
continuous verification performed during the production phase. The example of the MRI 
rooms in this section shows the implications of insufficient information about the 
configuration. Managing configurations systematic with a continuous flow of 
information, as shown in Figure 3.1, could have prevented the problems described. 
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3.2 Current management of configuration 
information 

In Paper I, the current practice regarding configuration information in healthcare 
construction projects compared to the model in Figure 3.1. The results show that the 
information in each key area was more or less insufficient, as shown in Figure 3.6. 
Moreover, the management was not systematic and the flow of information limited. 
Project managers considered information about functional requirements and design 
solutions to be the most complete. The sequential construction process impedes the flow 
of information that is required, as shown in Figure 2.2. Most of the project managers of 
healthcare construction projects considered the information from one construction phase 
to be sufficient for the next, as shown in Figure 3.7. However, the results also imply that 
the information was not complete. For example, new functions were considered common 
throughout the construction phases. At the end of planning, the documentation of 
verification methods was not available together with the baseline configuration (see 
figure 3.6).  
 

 
Figure 3.6: Results from Paper I showing the project managers opinion regarding 

available configuration information in healthcare construction projects. 
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During construction, the realisation methods should be connected to the 
functional requirement and design solution before the production starts to 
ensure feasibility (Eleftheriadis et al., 2018). The AEC industry does not 
predefine production methods. Instead, they are determined post award of 
contractor or ad hoc during production (Porwal and Hewage, 2013). This 
increases the risk of inefficiency, deviation from baseline configuration 
and consequently affects building performance and project outcomes 
(Parvan et al., 2015). In the results of Paper I, only half of the project 
managers considered information about production methods to be present 
at the end of the design phase (see Figure 3.6). Hence, the feasibility was 
not sufficiently assured before the construction work started. 

 
 

 
 

 
 
 
 

Figure 3.7: Project managers’ opinion regarding cohesive information between the 
construction phases, from Paper I. 
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3.3 Control of changes to healthcare configurations 

There are numerous studies of cost overrun and time delay due to changes in construction 
projects (Sun and Meng, 2009, Aljohani et al., 2017). For example, changes during 
production phase reduce efficiency due to design revisions, rework and disputes (Motawa 
et al., 2007). The consequences of changes in the construction configuration are less 
studied, although this may have an impact on the overall building performance (Stasis et 
al., 2013). The results from Paper I show that the project managers of healthcare 
construction projects considered configuration changes to have the least impact on the 
quality of the end-product. Changes to a building configuration affect the end-user 
functionality, which in hospital facilities may result in direct or indirect risks for patients 
and personnel (Van Hoof et al., 2015).  
 

 
 

 
The management of configurations requires detailed information about what a change 
comprises (Santos et al., 2017). This information is imperative for the management of 
changes from the change request and consequence analysis to implementation decision 
(ISO, 2017). Figure 3.8 shows the connection between available details and the 
management of changes. In the cases of Paper II, the available information in change logs 
was highly deficient, while the change information from the available digital building 
models was significantly more reliable. The overall results from Paper II shown in Table 

Figure 3.8: Framework for information required to manage configuration changes 
systematically, from Paper II. 
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3.1 indicate that the log information was insufficient for an adequate analysis of 
consequences. Information from the object models had a high level of details regarding a 
change, including interrelationships to adjacent spaces. The consequence investigations 
should establish which effects the change has on the functionality of the end-product to 
avoid any deviation from the intended configuration (Larsen et al., 2015). Regarding 
management of configuration changes, neither logs nor object models contained any 
information on consequences for building performance or functionality.  
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
The projects in Paper II mostly had requests that contained information about operational 
procedures. Cost implications were the only basis for consequence analyses and 
implementation decisions in the investigated cases. The benefits of digital building 
information are detailed information about all included elements, interrelated building 
parts that are affected and type of change. However, the results from Paper II show that 
lack of standardisation of input data disables automated processing, which counteracts 
the benefits of digital building information. Many studies conclude that lack of 
standardisation of digital information is a major issue in the AEC industry (Solihin et al., 
2015, Chen and Luo, 2014). 

Table 3.1: Overall results from Paper II, showing available information regarding 
configuration changes in IFC files and logs of the investigated cases. 

 
 

IFC Logs 

 (no. of cases) 
Available details  
Amount 13 8 
Elements included 13 1 
Type of change 13 8 
Management of changes   
Request 0 0 
Consequence analysis 0 0 
Decision on implementation 0 0 
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3.4 Future technologies and configuration 
information 

Traditionally, the construction industry develops its products incrementally throughout a 
construction project. This increases the risk of inefficiency, increased environmental 
impact, cost overrun and insufficient building performance at delivery. The rapid 
development of new digital and industrial construction techniques will make incremental 
product development obsolete. Construction 4.0 is a term used for the exploration of new 
techniques associated with the fourth industrial revolution. Digitalisation will enable 
more detailed configurations and automated or industrialised processes that prevent 
deviations from the intended performance. United Nations Environment Programme 
identifies increased control over configurations and evidence based product development 
as essential factors for reducing the AEC industries environmental impact (UNEP, 2018). 
Figure 3.9 shows the potential environmental effect of new technologies in combination 
with configuration management.  
 

 

 
Combinations of new technologies may decrease the risk of inadequate performance at 
delivery in healthcare construction projects. New technologies that focus on the 
configuration may have several positive effects as both Papers I and II shows. Clear 
definition of the product based on data from operational use and evidence from research 
optimises functionality (Joseph et al., 2014). Data from object models enables transfer of 

Figure 3.9: The potential project management and environmental effects of new 
technologies from Paper III. 
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knowledge to many different stakeholders. Implementation of automated data processing 
may improve control over healthcare configurations. Artificial intelligence provides more 
knowledge based configurations by analysing data from multiple projects 
(Mohammadpour et al., 2019), as opposed to current practice that relies greatly on 
individual knowledge (Martínez-Rojas et al., 2015). Deviations from the intended 
functionality are common in healthcare construction projects (Van Hoof et al., 2015). 
Predefined production methods prevent deviations of product configurations and ensure 
the intended functionality (Craveiro et al., 2019).  
 
 
The purpose of Paper III was to study the availability of studies concerning new 
technologies in the context of construction projects. A quantitative literature review was 
performed, investigating presence of information and communication, automation or 
industrialisation in construction project research. Table 3.2 shows the search criteria of 
the literature review in Paper III. In Figure 3.10, the results show that there is no 
significant increase in the number of studies of new technologies in the context of 
construction projects over the past five years. In addition, the study of how often new 
technologies are mentioned in association with construction projects indicate several 
research gaps, as shown in Figure 3.11. Research about building information was among 
the most studied of all search criteria. Artificial intelligence (AI), augmented reality, 5g 
and robot technology was among the least mentioned. Although these technologies are 
currently available and even implemented. Most evident is that dependencies and synergy 
effects are not frequently explored, as the techniques are often studied separately 
 

Criteria Words 
 

C1 Construction AND  
Project AND  

Information AND 
 Communication  

C2 Construction  AND  
Project AND  

Automation OR  
Industrial 

 

C3 Construction AND  
Project  AND 

 Management 
 

Table 3.2: Search criteria for the literature review in Paper III. 
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Figure 3.10: The number of studies from 2015-2019 addressing information and 

communication, automation or industrialisation according to the search 
criteria in Table 3.2. 
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Figure 3.11: Studies with phrases containing new technologies associated with 

construction projects. 
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Chapter 4 
 
Summary of appended papers 

4.1 Paper I 

Exploring the applicability of configuration information in construction projects 
P. Schönbeck, M. Löfsjögård and A. Ansell 
Published in Intelligent Buildings International, 7 July 2020. 
 
Construction projects handle configuration information sequentially, which increases the 
risk of inadequate end-products, rework and reduced sustainability. The aim of this study 
was to apply configuration management used in product development and manufacturing 
to construction projects. Figure 4.1 shows the research design of Paper I, with an 
international guideline, previous research and a survey as a basis for the conceptual model 
(see Figure 3.1). The model contains five key areas of configuration information: 
function, verification, design, production and change. 
 
The studies of practice in healthcare construction projects show that the management of 
configuration information is not systematic and continuous. This can partly be due to the 
sequential workflow in construction projects where the stakeholders are responsible for 
different parts. Collaboration takes place mainly in the transition between the different 
phases. In order to control the configuration through all phases of construction projects, 
the stakeholders should continuously collaborate to ensure the intended performance. 
Hence, the current sequential working processes should be altered to facilitate control of 
building configurations. 
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Figure 4.1: Research design of Paper I, showing how configuration information was 
managed in construction projects. 
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4.2 Paper II 

Framework and current practice for change control in healthcare  
construction projects 
P. Schönbeck, M. Löfsjögård and A. Ansell 
Published in International Journal of Construction Management, 25 July 2020. 
 
In configuration management, the control of changes is important to prevent product 
deviations and to ensure intended performance. The implications of changes to the 
configuration are not explicitly analysed in construction projects. Healthcare facilities 
have complex configurations and the performance is imperative for the diagnosis, 
treatment and care of patients. Therefore, it is especially important to control 
configuration changes to ensure that they do not affect daily operations.  
 
A framework for information required to control configuration changes (see Figure 3.8) 
is proposed. In thirteen healthcare construction projects, the availability of the required 
information in manual logs and IFC-files was studied, as the overall research design in 
Figure 4.2 shows. In each project, studies regarding availability of information in 
accordance with the framework were conducted. The results show that there were 
significant deficiencies regarding available information about configuration changes in 
the healthcare construction projects. Information regarding requests, consequence 
analysis and implementation decision was not present in either logs or object models. An 
incidental finding in this study was the lack of standardised input data in the object 
models, which disabled fully automated processing of changes. The conclusion is that 
healthcare construction projects could benefit from better control of changes to prevent 
deviations from the intended performance.  
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Figure 4.2: The research design of Paper II that shows how the proposed framework 
for configuration changes was the basis for the case study and survey. 
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4.3 Paper III 

Quantitative review of Construction 4.0 technology presence in construction project 
research 
P. Schönbeck, M. Löfsjögård and A. Ansell 
Submitted to Buildings, August 2020.  
 
An increased focus on the product in construction projects may reduce issues with 
inefficiency, changes and rework. The fourth industrial revolution will bring technologies 
that may reduce these problems. New digital technologies can process and analyse large 
amounts of data regarding building configurations. This information is essential to enable 
automated construction techniques. Product control reduces unnecessary rework and 
hence environmental impact. Digital techniques enable product development based on 
analysis of data from construction projects and building configurations in operational use. 
From an environmental perspective, optimisation of building configurations may extend 
lifecycles by enabling multiple operational uses over time. 
 
In Figure 4.3, the research design of the quantitative literature review in Paper III is 
shown. The results indicate that research addressing new technologies in construction 
projects was uncommon, as shown in Figure 3.10 and 3.11. Increased research exploring 
the benefits and potential of existing and future technologies are essential to meet current 
and future challenges in construction projects. For example, there is an extensive research 
gap regarding the synergy effects of new technologies and their potential to reduce the 
environmental impact.  
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Figure 4.3: Research design of the quantitative literature review in Paper III. 
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Chapter 5 
 
Discussion 

In manufacturing and product development, the management of products is central 
through the entire lifecycle. This includes control of configurations through planning, 
design, production and operational use. Information flows back and forth between these 
phases to improve and maintain a high quality of products. The starting point for this 
licentiate thesis was problems with the delivery of healthcare facilities with intended end-
user functions, which may affect the care of patients. The consequences of deviation from 
the intended building performance are associated with insufficient functionality, delays 
and operational disturbances. In Papers I and II, it is shown that construction projects do 
not manage configuration information systematically. In addition, the information 
management is sequential, which precludes a flow between the key areas as described in 
Figure 3.1. A contributing factor to inadequate control of configurations is the focus on 
time and cost as controlling factors instead of functions. Few researchers have addressed 
if the use of configuration information in construction projects may ensure end-product 
quality and performance, as in manufacturing. The aim of this licentiate thesis was to 
bridge this gap by providing a model for information required to control configuration 
and to study the current practice in healthcare construction projects. Moreover, the value 
of more product focus in the implementation of technologies associated with the fourth 
industrial revolution was explored. 
 
Quality assurance of building configurations still relies on individual knowledge rather 
than on objective analysis of data (Sun and Meng, 2009), which the studies included in 
this licentiate thesis confirm. In construction projects, the configuration information is 
managed sequentially with no clear interrelationship between functional requirements, 
verification methods, design solutions, production methods and configuration changes. In 
Papers I and II, it is confirmed that the information about the configuration was not fully 
accessible to involved parties. To some extent, implicit knowledge can make up for lack 
of documentation, but this information disappears if an individual leaves the project. Lack 



 
 
 
 

 

 
42 

 
 

of explicit information precludes control of configurations and quality assurance of the 
delivery, i.e. a healthcare facility with intended functions. 

5.1 Required configuration information for high 
performance  

Management of configuration requires information updated in real time and accessible to 
all stakeholders to prevent ambiguities regarding what is to be delivered. Digital building 
models provide the opportunity to analyse configuration data in construction projects, but 
the management is often manual (Santos et al., 2017). Future digital technology provides 
opportunities for more automated processing of information. However, Paper II shows 
that the possibility to use digital data for control changes is impaired by insufficient input 
data and lack of working processes. The result shows a significant underestimation of 
changes and increased risk of deviations from the intended use. Information about product 
functions is central in the management of configurations throughout lifecycles (ISO, 
2017). Therefore, it is important to identify all relevant stakeholders in establishing 
functions that are required (Burnay et al., 2014). The identification of stakeholder is 
complex process in healthcare facility projects, involving politicians, citizens and 
different categories of personnel. Collection of functional requirements from these groups 
is imperative to deliver and maintain intended building performance. The client 
determines which functions that should constitute the baseline configuration, which then 
is the controlling factor from planning to delivery. Missing essential functions have long 
term effects for patients or result in unnecessary rebuilding or reconstruction (Adam et 
al., 2019). In Paper I, the results show that functions were collected and documented 
insufficiently, leading to continuous alterations of the prerequisites for designers and 
contractors. Information regarding the functions of buildings should be transparent, 
accessible and reliable, which digital technologies facilitate. In addition, great number of 
functional requirements can be analysed with automated processes. In Paper II, it is shown 
that change information from digital building models was significantly more reliable than 
the manual documentation. 
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5.2 Current practice 

Functional requirements should be measurable with defined acceptance criteria to ensure 
that building configurations fulfil them (ISO, 2017). The criteria should be transformed 
into verification methods and values for both the design and production phase. 
Continuous verification during both design and production is imperative for building 
performance (Jensen and Maslesa, 2015). The example of the MRI room presented in 
section 3.1 shows that the consequences were extensive due to the inadequate acceptance 
values that did not fulfil manufacturer requirements. The insufficient performance will 
result in rework or deficient functionality if left as is. Improved verification processes in 
healthcare construction projects enable objective evaluation of product quality and 
proactive measures to prevent deviations. Construction projects practice verifications in 
the form of inspections as built in the production phase. This precludes proactive 
measures to prevent and correct deviations during design and realisation (Parvan et al., 
2015). The result from Paper I confirms this since information about verification methods 
was not available until the end of production. 
 
The AEC industry has well established calculation methods for designers and 
measurements as built, but these are not interrelated to the fulfilment of functions. Digital 
technologies enable connection of data required to ensure verification of building 
performance and subsequently intended operational use (Jensen and Maslesa, 2015). 
During the design phase, the functions and acceptance values should be the controlling 
factors to ensure sufficient building performance. Building configurations consist of large 
amounts of data and to obtain full control use of digital tools are required, especially for 
healthcare facilities with high complexity. Sequential processes where designers develop 
solutions with no clear connection to functions or production methods increase the risk 
of product deviation and inefficiency (Kiviniemi, 2005).  
 
For healthcare facilities with many technically challenging configurations, it is especially 
important to establish production methods early in the design phase. It is also important 
to transfer knowledge between projects regarding production methods that realise 
complex technical designs. Industrialised construction will accelerate the development of 
processes to define and optimise production methods early in construction projects. 
Digitalisation enables extensive data analyses to optimise production methods for specific 
functions. Paper I shows that the documentation of production methods is not sufficient 
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in construction healthcare projects (see Figure 3.6), especially during the design phase 
when these should be established. Involving contractor knowledge in the design of 
configuration ensures feasibility and realisation of intended configurations (Porwal and 
Hewage, 2013). This requires new working processes that are more circular, where all 
stakeholders collaborate throughout the construction project to fulfil all functions. 
Inadequate design specifications and lack of feasibility analysis result in delays and 
inefficiency in the production phase (Adam et al., 2014). The MRI example in section 3.1 
illustrates that the configuration of the flooring started to deviate early in the design phase 
with the inadequate acceptance values. This deviation was not discovered until late in the 
design phase and during production.  

5.3 Control of configuration changes 

Changes are known to cause costs, delays and reduced product quality in construction 
projects, (Larsen et al., 2015). More clearly defined healthcare configurations may reduce 
the number of changes. The focus should be on the development of building 
configurations with established functions, associated feasible design solutions and 
production methods. This knowledge provides a clear basis for the designers and 
contractors, enabling them to focus on their area of expertise instead of developing 
products (Ding et al., 2019). For example, floorings of MRI facilities could be 
standardised and developed together with equipment manufacturers. In Paper II, it is 
shown that the information about configuration implications of a change was highly 
deficient in the manual logs. The IFC-files provided detailed data that could improve the 
analysis of consequences for configurations, but this opportunity was not used. Besides 
detailed information about configuration implications of a change, the management of 
changes should be systematic. This includes requests, analyses regarding consequences 
and decision to implement. None of the cases investigated in Paper II had information 
about how the intended configuration was maintained in conjunction with a change. The 
respondents in Paper I considered configuration changes to have a small impact on the 
end-product quality, which could be a reason for the deficient change management. For 
healthcare construction projects to improve their change management, new processes are 
required in combination with digital tools. For example, analyses of consequences based 
on data from digital models could support the clients in making their implementation 
decision. 
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5.4 New technologies and configuration information  

The fourth industrial revolution is ongoing and this will change societies as a whole (Lasi 
et al., 2014). All industries have to explore how these techniques will improve different 
processes. The AEC industry has fallen behind other industries in this development, even 
though the advantages are evident (Craveiro et al., 2019). Therefore, it is important to 
apply knowledge from other industries. Industrialised construction will require clearly 
defined configurations to plan the realisation. Artificial intelligence enables automated 
processing of configuration data that improves product definitions (Mohammadpour et 
al., 2019). Connectivity increases with the 5G technology, which enables real time 
updates of digital building models on site (Reja and Varghese, 2019). The new 
technologies require more product focus in construction projects and have the potential 
of reducing many of the issues that construction projects encounter. However, the 
construction projects investigated in Papers I and II did not utilize the possibilities of new 
technologies to ensure high healthcare functionality. Results from Paper III indicate that 
research about new technologies has not significantly increased over the last five years. 
Although they have the potential to improve the quality of deliveries and reduce 
environmental impact. 
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Chapter 6 
 
Conclusions and further research 

The studies of this licentiate thesis show that systematic configuration information in 
construction projects could improve control over building configurations. This will 
ensure intended building performance at delivery. Previous studies regarding 
configuration management in construction projects are difficult to find. Knowledge from 
adjacent research was therefore synthesised to propose a model for which information is 
required to control configurations in construction projects. The current sequential 
processing of information in construction projects needs to become more continuous and 
circular in order to increase control over configurations. Recent studies of digital and 
automated technology in construction projects highlight the importance of configuration 
management. 

6.1  Specific conclusions 

The first research question was aimed to answer which information is required to control 
configurations of healthcare facilities. Based on an international standard for 
configuration management, five key areas of configuration information were identified: 
functions, verification, design, production and changes. Information from all of these key 
areas should be complete and interrelated to control the configuration through a 
healthcare construction project. Functions should have acceptance criteria, which are 
transferred to values that can be verified through the design and production. Implications 
of changes to the configuration should be determined to avoid deviations from intended 
functionality.  
 
The current practice regarding management of configuration information was 
investigated to answer the second research question. In order to increase control over 
configurations in healthcare construction projects, all parties involved must change their 
work processes. Asset owners will in the future not only manage and maintain the actual 
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facility, but also its digital counterpart. As clients in construction projects, they should 
also provide clear definitions of intended functions and acceptance criteria based on 
knowledge from operational use. Combining the clients’ operational knowledge with the 
technical knowledge of designers enables establishment of adequate acceptance values 
for the functions. Collaboration between designers and contractors ensure that 
configurations and production methods are feasible. 
 
The third research question was if data from object models can improve configuration 
changes in healthcare construction projects. There is a great potential in using data from 
existing object models to obtain detailed information about the implications of a change 
to the configuration. Use of rules in model checkers enables identification and filtering 
of changes that affect the configuration. Change control does not only consist of detailed 
information, but also systematic management including request, analysis and 
implementation decision. This information should be interconnected with detailed 
information from the object models to support decision making. 
 
The answer to the fourth research questions is that technologies of the fourth industrial 
revolution both require and facilitate the management of configurations. Therefore, the 
AEC industry needs to shift towards more product based processes, where configuration 
information is an important part. Construction project research is late in exploring the 
benefits of new technologies. The number of studies addressing these subjects must 
increase, especially the exploration of potential synergy and environmental effects. 

6.2 Further research 

The studies clearly show that there are benefits with increased implementation of 
systematic management of configuration information. In addition, new digital 
technologies increase the availability of information and enable automated analyses. 
Based on these conclusions, the future work in this research project will focus on a more 
detailed exploration of required input data to manage healthcare configurations. The 
knowledge is to be synthesised into a model for digital processing of information about 
healthcare configurations in construction projects. Configurations developed with the 
model could be compared to as built healthcare facilities to evaluate any differences. 
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Other recommendations for further studies are more detail investigations of how existing 
data in object models could improve control over configuration changes. Moreover, 
further exploration of the Construction 4.0 technologies potential to improve outcomes 
of construction projects is required. 
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Terminology list 

Acceptance criteria The client’s criteria for accepting the final product. 

Acceptance values The values used during design and production to ensure that the 
client’s criteria are fulfilled. 

Baseline 
configuration 

Approved information that defines all required functions. 

Building performance The physical characteristics that fulfil end use functionality. 

Change analysis Analysis of how a change affects the configuration. 

Change control Controlling that changes do not affect the configuration. 

Change information  All information about changes required to make an informed 
decision. 

Configuration The interrelation between functions and physical characteristics 
of healthcare facilities. 

Configuration control Controlling that the configuration is fulfilled according to the 
decided  

Configuration 
information 

All information regarding the configuration. 

Configuration 
management 

Technical and administrative directions for a product during its 
lifecycle. 

Controlling factor A factor that is governing for all stakeholders in a healthcare 
construction project. 
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Design The technical solutions that fulfil the functions that constitute 
the healthcare facility. 

End-product The final product that is delivered at the end of a construction 
project. 

Function  The end use function required by the client. 

 
Functional 
requirement 

 
Requirements for end use functions. 

Functionality Combination of functions that together fulfil end use. 

Product In this thesis, the healthcare facility to be built or reconstructed. 

Stakeholders All actors involved in defining functions, designs, production 
and operational use. 

Verification Ensure that the required functions are maintained through all 
construction phases until delivery.  

Verification method Measurement methods used to ensure functions are fulfilled. 

 






