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Summary 
With on the one hand the introduction of the Quality Assurance Act and on the other hand the 
increased interest around enabling corporate knowledge capturing to enhance the efficiency 
and effectiveness of construction projects this research has been initiated. As literature shows, 
oǊƎŀƴƛȊŀǘƛƻƴǎ Ƴǳǎǘ ŎǊŜŀǘŜ ŀƴ ŜƴǾƛǊƻƴƳŜƴǘ ǿƘŜǊŜ ŜƳǇƭƻȅŜŜǎΩ ƪƴƻǿƭŜŘƎŜ Ŏŀƴ ōŜ ŎƻƴǾŜǊǘŜŘ ƛƴǘƻ 
organizational knowledge for enabling decision-makers to make more informed decisions. 
Improving the project performance is for many construction firms crucial towards survival in a 
fast-changing economic and financial driven environment. Firms that continuously learn to 
capture, organize, combine, and share their traditional resources and capabilities in new and 
distinctive ways, provide more value for their stakeholders, than their competitors can do. 
Interviews with experts from practice revealed that within the construction industry, current 
knowledge management systems are storing knowledge, based on inaccurate human written 
notes, or are not storing this information at all. This lack in qualitative knowledge management 
systems suppresses the ambition of learning from historical experiences and indicates that in 
current practices a ƭƻƻǇƛƴƎ ǇǊƻŎŜǎǎ ƻŦ ΨǊŜƛƴǾŜƴǘƛƴƎ ǘƘŜ ǿƘŜŜƭΩ is being applied.  
 
One approach for creating organizational knowledge is to make use of historical data. If 
extensive historical data related to the project can be collected effectively, it is being 
acknowledged as a major resource for predictions around the execution of construction 
projects. However capturing historical project data within the construction industry is being 
considered as a tedious and labour intensive tasks. A promising aid for capturing the key 
business data in the construction industry comes in the form of reality capturing. This 
technology makes it possible to monitor and obtain data regarding the technical, 
organizational, managerial and the environmental domain. These capturing technologies 
provide support to examine the execution process in a more detailed matter, trough combining 
the storage of as-planned data as well as as-built data, which thereafter directly generate 
historical project data. This captured historical project evaluation data provides possibilities for 
predictive modelling techniques, an upcoming subject in the latest decade. These techniques 
are considered to create explicit knowledge from tacit knowledge. In addition, they make it 
easier to distribute knowledge and brush aside potentially biased human perceptions based 
bad experiences. Ruling out these biased experiences support can be provided for decision 
making in the early design stages.  
 
Within the current data-driven world, predictive analysis methods arise to analyse the 
generated key business data. Commonly discussed terms include, big data (BD), business 
intelligence (BI), data- and process mining (DM&PM) and machine learning (ML). Despite the 
improved data storage methodologies within the industry, the potential of knowledge 
discovery within data is currently not exploited towards its fullest potential. Research has been 
conducted regarding this potential and proven to be promising, if it is exploited correctly. 
Unfortunately, the biggest issue holding back the realisation of these advantages arises around 
the lack in (a) availability and completeness in existing data, (b) reflection with the reality and 
the continuous learning from dynamic information, (c) availability of functionalities within 
existing tools to store the data, (d) amount of monitored projects, (e) the poor culture of data 
storage, and (f) the proper usage of data analytical systems. These challenges are mainly caused 
by the knowledge gap between building professionals from the construction environment and 
data analytic experts.  
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To minimize the gap between the construction environment and the data analytic side of the 
industry, this research focused on created an guiding framework. Within this framework the 
aim is to improve decision making in the early design-phases of construction projects based on 
the outcomes from the analysation of structured historical data originating from the 
organisation. This historical data includes project process data from many different projects 
combined within one database. To realise such database, the BIM-Based Predictive Knowledge 
Management System (B-BPKMS) is introduced. 
 
This B-BPKMS incorporates an step-by-step framework that operates as a guide for walking 
through the entire process of, Planning, Storing, Capturing, Analysing, Act & Reusing the 
historical project evaluation data for quality improving purposes. By following the principles of 
the PCSAR - cycle, the development of the B-BPKMS is focused on continuously improving 
business processes and contribute towards data driven-decision making based on historical 
project evaluation data for any given construction process. Within the development of the B-
BPKMS, an general approach is applied. Therefore, different possible technologies to realise 
historical project evaluation data are considered and choices have been made regarding the 
best fitting methodologies. However, in practice these methodologies are depending on the 
stated goals of the organisation. Meaning that different kind of goals, might require different 
sorts of methodologies.  
 
Within the case study the focussed is laid on the realisation of historical project evaluation data 
through applying the B-BPKMS from start-to-finish. Within this case study, the combination of 
Ψŀǎ-ōǳƛƭǘΩΣ Ψŀǎ-ǇƭŀƴƴŜŘΩ ŀƴŘ ΨŜȄǘŜǊƴŀƭ ǇŀǊŀƳŜǘŜǊǎΩ are representing the to be collected historical 
project evaluation data. Several software tools are consulted to transform the data within this 
project into a an combined database. Because of the object-oriented characteristics of 
construction data, the choice is made to set-up an object-oriented relational database. Within 
the database ƻŦ ǘƘŜ ŎŀǎŜ ǎǘǳŘȅΥ ǘƘŜ Ψŀǎ-ǇƭŀƴƴŜŘΩ ŘŀǘŀΣ ǿƘƛŎƘ are subtracted from the IFC-files, 
function as the basis ƻŦ ǘƘŜ ƘƛǎǘƻǊƛŎŀƭ ǇǊƻƧŜŎǘ ŜǾŀƭǳŀǘƛƻƴ ŘŀǘŀΦ ǘƘŜ Ψ!ǎ-ōǳƛƭǘΩ ŘŀǘŀΣ ǿƘƛŎƘ ƛǎ 
generated through photogrammetry (crane camera), functions as the actual evaluation 
outcomes. And as last, the ΨŜȄǘŜǊƴŀƭ ǇŀǊŀƳŜǘŜǊǎΩ, which are subtracted from external 
databases, function as the representations of the execution circumstances.   
 
As mentioned, all this data is gathered within the standardized construction data format IFC. 
However, since direct analysation on IFC is not possible, this data needs transformations 
towards an object-based relational database. Within this case study, two goals can be 
distinguished. First, the goal is set to evaluate the process of placing precast concrete floor 
slabs and find interesting unexpected patterns within the data regarding the specific case study. 
Second, the goal is to structure this data in such a matter that analysation on the organisational 
scale becomes possible if newly analysed projects are included.  
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Within the construction industry, schedules are based on ratios that are established due to 
personal experience. The introduction of the B-BPKMS shows that to include slack, the 
execution time around tasks are being established quite generous in current practice. Based on 
this generous execution times, predictive modelling is not possible. Therefore, this thesis 
presents an a more optimal distribution within the execution time by initiating an alternative 
method for representing the scheduling time. Through applying multiple linear regression 
methods, the assumed scheduling time under normal conditions for each individual floor, 
under normal execution circumstances has been established. This assumed scheduling time is 
based on normalized prediction variables. This scheduling time has been used as a reference 
on which a predictive machine learning algorithm can operate. Within the case study, due to 
its explain ability, the decision tree algorithm has been chosen to be most practical, for the 
given hypothesis. 
 
Applying the B-BPKMS within organisational processes  proves to be beneficial for sharing 
knowledge on the organisational scale. An organisational aid that, (i) can include historical 
project evaluation data, (ii) provide options to find interesting patterns through machine 
learning algorithms, and, (iii) improve the overall quality of construction projects, is being 
acknowledged as a future tool for improving the quality of the construction industry by 
practice. Therefore,  the introduction of the B-BPKMS can be considered as the first steps 
towards converting normally tacit historical project data, towards explicit organisational 
knowledge. The application of B-BPKMS shows that it is possible, to combine methodologies of 
the construction- and data science domain, to establish a knowledge management systems, 
that can support decision making in the early design phases, based on historical project 
evaluation data.  
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Samenvatting 
Met enerzijds de invoering van de wet kwaliteitswaarborging en anderzijds de toegenomen 
interesse rondom het vastleggen van bedrijfskennis om de efficiëntie en effectiviteit van 
bouwproject te vergroten, is dit onderzoek gestart. Zoals de literatuur aantoont, dienen 
organisaties een omgeving te creëren waarin de kennis van de werknemers kan worden 
omgezet in organisatorische kennis, zodat besluitvormers betere en geïnformeerde 
beslissingen kunnen nemen. Het verbeteren van deze projectprestaties is voor veel 
bouwbedrijven cruciaal om te overleven in een snel veranderende economische en financiële 
omgeving. Organisaties die continu leren om hun traditionele middelen en mogelijkheden op 
nieuwe en onderscheidende manieren vast te leggen, te organiseren, te combineren en te 
delen, bieden meer waarde voor hun stakeholders dan hun concurrenten kunnen doen. Door 
interviews met experts uit de praktijk te houden is inzichtelijk geworden dat, de huidige 
kennisbeheersystemen in de bouwsector hun kennis opslaan gebaseerd op onnauwkeurige 
schriftelijke aantekeningen, of deze kennis informatie helemaal niet opslaan. Het daar 
bijhorende gebrek aan kwalitatieve kennisbeheerssystemen onderdrukt de ambitie om te leren 
van historische ervaringen en duid aan dat in de huidige praktijk een terugkomend proces 
gaande is waarin het wiel steeds opnieuw dient te worden uitgevonden. Dit alles komt voort 
uit een gebrek aan mogelijkheden om te leren van voorgaande ervaringen door middel van het 
beschikbaar stellen van die kennis op organisatie niveau.   
 
Een manier om organisatiekennis te creëren is door gebruik te maken van historische data. Als 
historische evaluatie data met betrekking tot het project effectief en in volledigheid kan worden 
verzameld, is de verwachting dat dit binnen de sector erkend zal worden als één van de 
belangrijkste bronnen om voorspellende wijs informatie te verkrijgen over het 
uitvoeringstraject. Echter, het vastleggen van historische projectdata wordt binnen de 
bouwsector momenteel beschouwd als een inefficiënte en arbeidsintensieve taak. Een 
veelbelovende methodiek voor het efficiënter vastleggen van deze belangrijke project kennis 
komt in ŘŜ ǾƻǊƳ Ǿŀƴ ΨǊŜŀƭƛǘȅŎŀǇǘǳǊƛƴƎϥΦ 5ŜȊŜ ǘŜŎƘƴƻƭƻƎƛŜ Ƴŀŀƪǘ ƘŜǘ ƳƻƎŜƭƛƧƪ ƻƳ ǇǊƻƧŜŎǘ Řŀǘŀ 
te verkrijgen met betrekking tot het technische-, organisatorische-, management- en 
omgevingsdomein. Bovendien bieden deze technologieën ondersteuning om het 
uitvoeringsproces gedetailleerder te analyseren. Binnen dit onderzoek bestaat de historische 
project evaluatie data uit zowel de data die voor uitvoering gepland is όΨ!ǎ-ǇƭŀƴƴŜŘΩύΣ ŀƭǎ ŘŜ 
ŘŀŀŘǿŜǊƪŜƭƛƧƪŜ ǳƛǘǾƻŜǊƛƴƎǎŘŀǘŀ όΨ!ǎ-buƛƭǘΩύΦ 5ƻƻǊ het combineren van deze verschillende data 
stromen wordt er gelijktijdig historische projectdata gegenereerd. Voorspellende 
modelleringstechnieken, een opkomend onderwerp in het laatste decennium, worden 
beschouwd als een van de technieken benodigd om expliciete kennis te verkrijgen uit kennis 
die normaal weggestopt zit in de hoofden van werknemers. Deze technieken zijn 
ondersteunend om kennis te verspreiden binnen een organisatie en mogelijk bevooroordeelde 
menselijke percepties op basis van negatieve ervaringen opzij te schuiven. Echter dienen deze 
kennisvormen op hun beurt dan gecodificeerd te worden. Dit alles kan helpen met het 
uitsluiten van bevooroordeelde ervaringen en met name nuttig zijn om besluitvorming in de 
vroege ontwerpfasen te ondersteunen. 
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Binnen de huidige data-gestuurde wereld ontstaan er steeds meer nieuwe methoden om de 
gegenereerde bedrijfsdata te analyseren. Veelgebruikte termen rondom deze methodes zijn 
Ψ.ƛƎ ŘŀǘŀΩ ό.5ύΣ Ψ.ǳǎƛƴŜǎǎ LƴǘŜƭƭƛƎŜƴŎŜΩ ό.LύΣ Ψ5ŀǘŀ- en process miƴƛƴƎΩ ό5aϧtaύ Ŝƴ ΨaŀŎƘƛƴŜ 
[ŜŀǊƴƛƴƎΩ όaL). Ondanks de verbeterde methodes voor gegevensopslag binnen de industrie, 
wordt het potentieel van kennisontdekking binnen deze data momenteel nog niet optimaal 
benut. Vanuit de praktijk is er onderzoek gedaan naar het ΨǇƻǘŜƴǘƛŜŜƭ Ǿŀƴ Řŀǘŀ-
analysemethodeƴ ƛƴ ŎƻƳōƛƴŀǘƛŜ ƳŜǘ Řŀǘŀ ŀŦƪƻƳǎǘƛƎ ǳƛǘ ŘŜ ōƻǳǿǎŜŎǘƻǊΩΣ ǿŀŀǊǳƛǘ ŘŜ ǇƻǘŜƴǘƛŜ 
veelvuldig is aangetoond, indien het correct wordt geëxploiteerd. Het grootste probleem dat 
de toepassing van deze potentie tegenhoudt komt voort uit het gebrek aan, (a) beschikbaarheid 
en volledigheid in bestaande data, (b) reflectie op de realiteit en het voortdurend leren van 
dynamische informatie, (c) beschikbaarheid van functionaliteiten binnen bestaande 
hulpmiddelen om de gegevens op te slaan, (d) aantallen project data, (e) de slechte cultuur van 
gegevensopslag, en (f) het juiste gebruik van gegevensanalysesystemen. Deze gebreken 
worden voornamelijk veroorzaakt door de kenniskloof tussen bouwprofessionals uit de 
bouwomgeving en data-analyse-experts uit het datadomein. 
 
Om de kloof tussen de bouwomgeving en de data-analytische kant in de bouwindustrie te 
minimaliseren, richt dit onderzoek zich op het creëren van een leidend kader voor data analyse 
op historische project evaluatie data. Binnen dit kader is het doel ontstaan om de 
besluitvormingen in de vroege ontwerpfase van bouwprojecten te verbeteren op basis van 
bevindingen binnen de correct opgeslagen en gestructureerde historische project evaluatie 
data, afkomstig vanuit de eerder uitgevoerde projecten van de organisatie. De historische 
gegevens dienen projectprocesgegevens van verschillende projecten gecombineerd binnen 
een database te bevatten. Om deze centrale database te realiseren en de bijbehorende 
analyses uit te voerenΣ ǿƻǊŘǘ ƘŜǘ Ψ.IM-Based Predictive Knowledge Management System (B-
BPKMS)Ω geïntroduceerd.  
 
Dit systeem bestaat uit een stapsgewijs kader dat dient als leidraad voor het doorlopen van het 
gehele proces omtrent het plannen, opslaan, vastleggen, analyseren, handelen en 
hergebruiken van de historische projectevaluatiegegevens voor kwaliteit verbeterende 
doeleinden. Door het toepassen van de PCSAR-cyclus, is binnen de ontwikkeling van de B-
BPKMS continu rekening gehouden met het verbeteren van bedrijfsprocessen en het bijdragen 
aan gegevens gestuurde besluitvorming op basis van historische projectevaluatiegegevens voor 
elk bouwproces. Binnen de ontwikkeling van het B-BPKMS is een algemene aanpak gehanteerd, 
zodat het voor meerdere vraagstukken toegepast kan worden. Aangezien de B-BPKMS voor 
verschillende hypothesis toepasbaar dient te zijn, worden er verschillende technologieën 
overwogen om historische projectevaluatiegegevens te realiseren. Op basis van deze 
overwegingen zijn er keuzes gemaakt voor de best passende technologieën. De praktijk wijst 
uit dat de keuze betreffende de gekozen methodologieën deels afhankelijk is van zowel de 
benodigde data als de doelen van de B-BPKMS toepassende organisatie.    
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Binnen de casus is de focus gelegd op de realisatie van historische projectevaluatiedata door 
middel van het toepassen van het B-BPKMS. Binnen deze casus vertegenwoordigt de 
ŎƻƳōƛƴŀǘƛŜ Ǿŀƴ Ψ!ǎ-ǇƭŀƴƴŜŘΩ Ŝƴ Ψ!ǎ-ōǳƛƭǘΩ Ŝƴ ΨŜȄǘŜǊƴŜ ǇŀǊŀƳŜǘŜǊǎΩ de te verzamelen historische 
projectevaluatiedata. Om de gegevens binnen dit project om te zetten in een relationele-
database, kunnen verschillende softwaretools worden geraadpleegd. Vanwege de 
objectgeoriënteerde kenmerken van constructiegegevens (IFC) is er voor gekozen om een 
objectgeoriënteerde relationele database op te zetten. In de casus kan verschil gemaakt 
worden tussen: ŘŜ Ψ!ǎ-ǇƭŀƴƴŜŘΩ data, die wordt gegenereerd uit de IFC en fungeert als de basis 
van de historische projectevaluatiedata. De ΨAs-ōǳƛƭǘΩ data, die wordt gegeneerd door 
fotogrammetrie (kraancameras) en fungeert als de daadwerkelijk evaluatie-uitkomsten van het 
uitvoeringstraject. Als laatste, de ΨŜȄǘŜǊƴŜ ǇŀǊŀƳŜǘŜǊǎΩΣ die worden gegeneerd uit externe 
bronnen en fungeren als de daadwerkelijke representatie van de uitvoeringsomstandigheden.  
 
Aangezien een rechtstreekse analyse op basis van IFC-bestandformaten niet mogelijk is, dient 
de data omgezet te worden naar een object-gefocuste relationele structuur. Het omzetten van 
de IFC-bestandsformaten wordt uitgebreid behandeld binnen de casestudy. Echter zijn de 
gebruikte softwaretools niet bindend, deze zijn op basis van de kennis van de onderzoeker 
gekozen. Verder zijn er binnen de casestudy twee doelen te onderscheiden. Ten eerste is het 
doel gesteld om het proces van het plaatsen van geprefabriceerde betonnen vloerplaten te 
evalueren en interessante onverwachte patronen in de gegevens met betrekking tot de 
specifieke casestudy te vinden. Ten tweede is het doel om deze data zodanig te structureren 
dat analyse op organisatorische schaal mogelijk wordt als nieuw geanalyseerde projecten 
worden meegenomen. 
 
In de bouwsector zijn projectplanningen gebaseerd op ratio's die zijn vastgesteld op basis van 
de ervaringen van werknemers op een bepaalt ƳƻƳŜƴǘΦ bƻǊƳŀƭƛǘŜǊ ǿƻǊŘŜƴ ŘŜȊŜ ǊŀǘƛƻΩǎ ŘƛŜ 
eenmalig bepaald zijn meerdere jaren toegepast. Dit terwijl de industrie continu aan het 
veranderen is. Dit komt bijvoorbeeld voor bij de projectplanningen van nieuwe projecten. De 
introductie van de B-BPKMS toont aan dat om voldoende speling op te nemen, de 
uitvoeringstijd rond taken vrij genereus wordt vastgesteld. Op basis van deze genereuze 
uitvoeringstijden is voorspellende analyse niet mogelijk. Daarom presenteert dit onderzoek een 
meer optimale distributie binnen de uitvoeringstijd door het initiëren van een alternatieve 
methode voor het weergeven van de planningstijd. Om een optimale verdeling binnen de 
uitvoeringstijd na te streven, is er binnen de casus een alternatieve methode gerealiseerd om 
de planningstijd te benaderen. Door het toepassen van meervoudige lineaire 
regressiemethoden is de veronderstelde planningstijd onder normale omstandigheden voor 
elke afzonderlijke verdieping, onder normale uitvoeringsomstandigheden vastgesteld. Deze 
planningstijd wordt gebruikt als een referentie waarover een voorspellend ML-algoritme 
toegepast kan worden. Binnen de casus is het beslissingsboomalgoritme (Decision tree 
algorithm) gekozen als het meest praktisch voor de gegeven hypothese. Dit heeft voornamelijk 
te maken met het feit dat ML-algoritmes binnen de bouwindustrie ŀƭǎ ΨȊǿŀǊǘŜ Řƻƻǎ ƳŀƎƛŜΩ 
wordt beschouwd. Dat wil zeggen dat deze algoritmes binnen de bouwsector geen tastbaar 
gevoel opwekken, waardoor ML-algoritmes als onbetrouwbaar beschouwd worden. Het 
beslissingsboomalgoritme heeft echter een hoog uitleggend vermogen, waardoor dit algoritme 
naar verwachting het minste weerstand vanuit de industrie zal opleveren.  
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Door het uitvoeren van de casus is bewezen dat het toepassen van de B-BPKMS binnen 
organisatieprocessen gunstig is gebleken voor het delen van kennis op de organisatorische 
schaal. Een organisatorisch hulpmiddel dat: (i) historische projectevaluatiedata kan 
waarborgen, (ii) opties biedt om interessante patronen te vinden door middel van ML-
algoritmen, (iii) de algehele kwaliteit van bouwprojecten kan verbeteren, wordt binnen de 
sector erkend als een toekomstig hulpmiddel om de kwaliteit van de bouwsector te verbeteren. 
De introductie van de B-BPKMS kan worden beschouwd als een van de eerste stappen voor het 
converteren van expliciete  project data, naar historische project evaluatie data, naar expliciete 
organisatorische kennis. De toepassing van het B-BPKMS laat zien dat het mogelijk is om door 
methodieken van het bouw- en datawetenschappelijke domein te combineren, een 
kennisbeheersystemen te realiseren is, die de besluitvorming in de ontwerpfasen kan 
ondersteunen, door het beschikbaar stellen van historische projectevaluatiegegevens. 
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Abstract 
Purpose ς With the introduction of the Quality Assurance Act (QAA) and the increased interest 
around enabling corporate knowledge capturing to enhance the efficiency and effectiveness of 
construction projects, the application of data driven-decision making (DDDM) on construction 
project data has been initiated. To include DDDM in the early design phases of newly to develop 
construction projects, historical project evaluation data (HPED) has been considered. The steps 
from raw construction data towards HPED are complex and considered labor intensive. 
Therefore, this research provides an framework which represents the start-to-finish process 
around the: planning-, capturing-, storing-, analyzing-, Act & reusing of construction knowledge 
data. This framework which is called the: BIM-Based Predictive Knowledge Management 
System (B-BPKMS), has the goal to provide insight around the influence of variables on the 
execution phase of processes. By mapping the influence of these variables, it becomes possible 
to optimize the execution phase based on earlier obtained experience of the construction 
organization. 
 
Methodology ς To enhance the application of the B-BPKMS, a diverse amount of options have 
been elaborated to provide an general approach towards creating HPED.  These options can be 
customized for each individual organization. Software tools such as: Revit, Solibri, Synchro 4D, 
Asta Powerproject, SimpleBIM have been used to manipulate the IFC-data models and prepare 
them for analyzation. Within this analyzation special attention has been given towards the 
multiple linear regression techniques and the supervised machine learning algorithm: Decision 
tree algorithm. The DTA is applied to classify HPED for process improving purposes.   
 
Results ς The application of the B-BPKMS has been applied within towards an case-study to 
create the first customized HPED which can fill the object-oriented relational database for that 
organization. The final dataset is analyzed and shows the possibilities of applying supervised 
machine learning algorithms on HPED. Due to analyzing the outcomes of solely the dataset of 
the case-study, it is possible to determine the influence of different variables on the execution 
process of placing pre-fab concrete floor slabs (e.g. influence of wind, rain, height). Additionally, 
newly to develop projects can consult these figures in their development stage and create an 
as optimal as possible scheduling based on previously executed projects.  
 
Scientific relevance ς the novelty of the research is to illustrate the possibility to capture tacit 
knowledge codify this to explicit knowledge and implement this back in the organization to 
learn from previously executed projects while ruling out human biased perceptions. This all to 
minimize the gap between methodologies of the data science domain and the construction 
industry.  
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1. Introduction 
Within this chapter, the research context and the purpose of the research will be elaborated. 
The research context can be found in section 1.1. the clarification for the scope of the research 
can be found in 1.2, while Section 1.3 outlines the purpose of the research.  
 

1.1 Research context 
In the building environment, defects occur inevitably and repeatedly. It is one of the primary 
causes of project schedule and cost overruns (Park, Lee, Kwon, & Wang, 2013). Improving the 
project performance is, for many construction firms, crucial for survival in a fast-changing 
economic and financial driven environment. Firms that continuously learn to capture, organize, 
combine, and share their traditional resources and capabilities in new and distinctive ways, 
provide more value for their customers and, in general, stakeholders, than their competitors 
possibly can (Teece, Pisano, & Shuen, 1997). Organizations must create an environment where 
eƳǇƭƻȅŜŜǎΩ ƪƴƻǿƭŜŘƎŜ Ŏŀƴ ōŜ ŎƻƴǾŜǊǘŜŘ ƛƴǘƻ ƻǊƎŀƴƛȊŀǘƛƻƴŀƭ ƪƴƻǿƭŜŘƎŜΣ ǘƘǳǎ ŜƴŀōƭƛƴƎ 
decision-makers to make more informed and accurate decisions. With the advent of the 
knowledge economy, knowledge itself has become not only a strategic asset but also the main 
source of organisational performance (Adenfelt & Lagerström, 2006). Therefore, enabling 
corporate knowledge to be captured and shared and finding ways to use this knowledge to 
enhance the efficiency and effectiveness of construction businesses is a key challenge (Obaide 
& Alshawi, 2005). 
 
Research from 2004 concluded that one approach to creating organizational knowledge is to 
make use of historical data (Lee & Lee, 2004). If extensive historical data related to the project 
can be collected effectively, it can be a major resource for predicting the cost and the scope for 
new projects. However, the reliability and usage of data, at that moment in time, were quite 
low because it had been utilized towards, administrative reports. Additionally, the same 
research stated that construction work, experience on the field and know-how are prioritized 
over the ability to operate computerized systems. In the last decade, the potential of 
computerized systems for the construction industry has been widely acknowledged (Crotty, 
2012); (Fadeev, Chebotaryov, Tikhomirov, Janik, & Fornari, 2016). These systems have evolved 
in rapid speed with revolutionary outcomes. Therefore, the earlier statement that the 
experience in the field and know-how are prioritized to computerized systems seems to be 
outdated in current times. To be said, the importance might almost be equal in the current 
industry. Making it an interesting topic to be researched. 
 
Besides the technological revolutions in the computerized systems, the construction industry 
itself has also experienced some extensive changes. As more and more projects involve team 
members from distributed sites and organizations, low-level information systems that only 
support data storage and document exchange no longer satisfy the industry's requirements. 
Therefore, the industry requires ways to support team members to manage and share their 
knowledge in more various ways (Wang C. , 2004). Especially the revolutionary introduction of 
Building Informaǘƛƻƴ aƻŘŜƭƭƛƴƎ όΨ.LaΩύ ƘŀŘ ŀ ƎǊŜŀǘ ƛƳǇŀŎǘ ƛƴ ǘƘe way project members 
managed and shared their knowledge (Crotty, 2012). These changes are directly improving the 
storage of knowledge and historical data, making the industry more and more data-driven. 
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Within the construction industry, the definition of knowledge is seen as a vague concept, 
especially when translated into data-speaking terms. To understand its application, explicit- and 
tacit knowledge can be distinguished as the main sorts of available knowledge (Nonaka & 
Takeuchi, 1995). Explicit knowledge can potentially be easily codified and transmitted in a 
systematic and formal language. Making this kind of knowledge suitable for storage in 
databases, documents, policies and procedures. Tacit knowledge, on the other hand, is more 
related to personal experiences, it is difficult to formalize, record, or articulate; and it is stored 
in the heads of people, making it difficult to become tangible and shareable. Especially within 
the construction industry, the availability and distribution of tacit knowledge (experience) on 
the organisational level are considered extremely difficult. The industry has tried to normalise 
this knowledge within books, however, with the rapid changes in development these are easily 
being outdated and might be biased on personal experiences. Therefore, methods to convert 
tacit knowledge to explicit knowledge to generate organisational knowledge are being 
requested.  
 
Predictive modelling techniques, an upcoming subject in the latest decade, are considered to 
be techniques that might create explicit knowledge from tacit knowledge (Connolly , 2015); 
(Maymir-Ducharme & Angelelli, 2014), making it easier to distribute knowledge and brush aside 
potentially biased human perception of experience. Especially through expending current 
methods of capturing key business data in the construction industry and employing sorts of 
analytics to evaluate historical data in more powerful ways is seen as pioneering work. A 
promising expansion for capturing the key business data in the construction industry comes in 
the form of reality capturing. This technology makes it possible to monitor and obtain data 
regarding technological, technical, organizational, managerial and environmental scale. These 
technologies provide support to examine the environment in a more detailed matter than ever 
before, combining the storage of as-planned data as well as as-built data.  
 
Within the current data-driven world, new methodologies arise to analyse the key business 
data. Commonly discussed terms include, big data (BD), business intelligence(BI), data- and 
process mining (DM&PM) and machine learning (ML). In general, BD is seen as large amounts 
of data, potentially subtracted from people, computers, machines, sensors, and any other data-
generating devices or agents, that cannot be processed without the usage of computerized 
systems. Business intelligence comprises the different strategies and the accompanying 
technologies to analyse the key business data to identify business opportunities. While DM, PM 
and, ML can be partly scaled under the strategies and technologies to unlock the power of 
business intelligence. The analytics can enable or offer opportunities to improve, consistent 
and up-to-date project information, warnings within specific situations, forecasting, factors 
that affect profitability, model experience, determine the correlation of variables and more. 
This all could lead to an environment in which decisions can be based on data, instead of 
potentially biased human perceptions.  
 
Next, to the technological context, developments in the political domain have strengthened 
the need for expanding the methods of capturing key business data in the construction 
industry. In 2019, On the 14th of May, the Dutch government agreed upon introducing the 
Quality Assurance Act (in Dutch: wet kwaliteitsborging voor het bouwen-wkb). The purpose of 
this act is to protect the clients and make the contractor the responsible party regarding the 
quality of projects. This act leads to the shift in risk from the clients towards the contractors.  
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One of the amendments that have ōŜŜƴ ǎŜǘǘƭŜŘ ǿƛǘƘƛƴ ǘƘŜ ŀŎǘ ǎǘŀǘŜǎ ǘƘŀǘΥ Ψthe builder must 
prove that any defect that occurs through the construction project lifecycle is not attributable 
ǘƻ ǘƘŜƳ ƛŦ ǘƘŜȅ ƘŀǾŜ ƴƻ ƛƴǘŜƴǘƛƻƴ ǘƻ ǘŀƪŜ ǊŜǎǇƻƴǎƛōƛƭƛǘȅΩΦ This amendment makes parties more 
tend to monitor and capture their project information throughout the entire life-cycle, because 
as-built document becomes mandatory, creating new streams of key business data available 
for analytics. Moreover, this development directly improves the reliability and use of data, 
making the ability to operate computerized systems more leading. 
 
Despite the improved data storage methodologies, analysation techniques and newly 
developed technologies around analytics, the potential of knowledge discovery within data is 
currently not exploited towards its fullest potential. Research has been conducted regarding 
the potential of data analysation methodologies in combination with data originating from the 
construction industry and proven potential advantages. Unfortunately, the biggest issue 
holding back the realisation of these advantages arises around the lack in (a) availability and 
completeness in existing data (Lee, Hsueh, & Tseng, 2010) (Balsera, Montequin, Fernandez, & 
González-Fanjul, 2012), (b) reflection with the reality and the continuous learning from dynamic 
events (D'Oca & Hong, 2015), (c) availability of functionalities within existing tools to store the 
data (Correa, 2015), (d) amount of projects available (Lee, Kim, Park, Son, & Kim, 2011), (e) the 
poor culture of data storage in general (Ahiaga-Dagbui & Smith, 2013) and (f) the proper usage 
of data analytical systems. These challenges are mainly caused by the knowledge gap between 
building professionals from the construction environment and data analytic experts.  
 
Therefore, this research will present a data BIM-based system that will functions as the bridge 
between the advanced data techniques, the massive data storage potential and data driven-
decision making in the construction industry. It will elaborate on the possibilities of bringing the 
discussed aspects closer together to achieve the full advantages of all disciplines and improve 
the environment around data-driven decision making. The focus of this research will be on 
investigating the possibilities towards standardization within the knowledge capturing aspect, 
regarding in this case, scheduling forecasting knowledge and the potential to model experience. 
Pursuing the creation of a fundamental data storage systematic, built-up out of different data 
sources, which could be used for further business process improvements through data-driven 
decision making. This will be executed through the creation of optimisation within knowledge 
capturing while trying to achieve the highest possible completeness of the data and the 
accompanying parameters influencing the scheduling aspects. Focussing on more accurate 
planning ratios which are substantiated and interpretable. The main goal will be to make data 
driven-decision possible within the design phase of the construction industry through 
predictions based on historical data.   
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1.2 Scope clarification 
In the ideal case, this research would include a database enriched with many different projects. 
These would be fully converted into structured historical project evaluation data, where after 
data analysis would be executed on the organisation level. Unfortunately, the data collection is 
experienced to be a tedious and labour intensive task. Due to the limited time of this research, 
there is only space to deal with one specific case study. (van Schaijk & van Berlo, 2016) 
proposed a workflow including the steps: Plan ς Capture ς Analyse ς Reuse, for analysing data. 
Translating the intention of this research towards this scale, the focus of this research can be 
appointed towards the Analyse and Reuse side of the cycle. However, the Plan and Capture 
aspect of this cycle is of such importance that they will also be included, yet in a less prominent 
matter. As an extension towards the proposed cycle, Storage has been included because it has 
an indispensable place within data storage. Therefore, this aspect cannot be seen apart from 
each other.  
 
Within the scope of this research, the aim will be on creating a start-to-end framework that is 
specified towards collecting historical project evaluation data of construction projects. It needs 
to be capable of converting the knowledge to create an infrastructure based on data-driven 
decision making, to improve the accuracy of upcoming projects with previously obtained 
knowledge. To show the potential value, a case study will be conducted to test the application. 
Within the case study, the aim will be on collecting data from different data sources which 
allegedly have an influence on the placement of a specific object within the execution phase 
(i.e. precast concrete floor slabs). This data will be processed towards a central database, that 
represents the key business data from the case study. In continuation, this data will be prepared 
to be used for improving, informing or forecasting purposes in upcoming projects. Making it 
possible to learn from previously executed projects.  
 

1.3 Research purpose 
Given (a) the acknowledgement of the difficulties in practice and the looping process of 
ΨǊŜƛƴǾŜƴǘƛƴƎ ǘƘŜ ǿƘŜŜƭΩΣ όōύ ǘƘŜ ƭƛƳƛǘŀǘƛƻƴ ƛƴ ǉǳŀƭƛǘȅ ƻŦ ŎǳǊǊŜƴǘ ǎǘƻǊŀƎŜ ƳŜǘƘƻŘǎ ƛƴ ǇǊƻƧŜŎǘ-based 
data management and the corresponding proper use of this data, (c) the improved data 
capturing technologies, (d) the possibilities coming forward out of structured data storage and 
data analysation methodologies, (e) absence in experience or presence of biased experience 
and (f) the pioneering potential of modelling this experience based on data science, it seems 
valid to study the value of combining these given aspects into one system and apply it for data 
driven-decision making. This system can be used as a standardized format for construction 
project evaluation, making the creation of databases possible. Thereafter, this database 
provides the opportunity to actually learn from the experiences that have been captured, 
providing accessible organisational knowledge. By doing so, normalized construction ratios that 
have been used for centuries can be revaluated due to accurate experiences. These ratios can 
even be extended based on additional factors that in combination might provide different 
outcomes.  
 
Therefore, this research will explore the possibilities of optimizing future projects in the 
construction with the help of BIM, knowledge management, knowledge capturing, structured 
data storage and predictive modelling based on historical data.  
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The goal  is to turn data  

into information , and 

information into insight . 
-  Carl y Fiorina  

 


















































































































































































































































































