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Abstract 

In a globalized, connected world we often see the phenomena of disruption, where a new 
player in the market takes away a substantial part of the market share of the former big 
players by using technology or new ideas. This dissertation is to evaluate the general 
potential of disruptive innovations in the sector of construction and its initial scientific 
question is: Is it possible, that new market players or new products have a big enough 
influence in this industry, to change the current business models?  

In order to find an answer to this question, the author analyses in the first chapter the 
general economic specialties of this industry in comparison to others and shows, where 
other research has led to until now. The methodology is to distinguish fields of innovation 
with disruptive potential, in order to point out ways to adopt the current business models 
accordingly.  

Based on that, the author evaluates in chapter two the potential fields of disruptive 
innovation, where innovation in construction happens in general, and then their economic 
potential and implementation level. Furthermore, the author analyzes, which theories of 
disruption are applicable to construction and develops a questionnaire to quantify 
disruption potential in different innovation fields. Those results show the disruptive 
potential regarding to single innovation topics.  

Furthermore, those results conclude, that two parts of the construction process have the 
highest and most significant potential of disruption: the construction process itself (on site) 
and all fields connected to data. Therefore, the author takes a closer look into those two 
sectors. 

Within Disruptive innovations in the construction process the author analyses the fields 
and concludes with the hypothesis, that several disruptive potentials lead to one big change 
in the execution of works: the change from a traditional execution to a software, 
standardized workflows and data-based approach. In order to prove the hypothesis, the 
author carry outs an experiment with workflow-based digital task-management on site and 
follows with the prospective further potentials of such an approach.  

These results indicate as well, that in the field of data in construction the disruptive 
potential is large. In the fourth chapter the author takes a deeper look into this and 
exemplifies the problems and therefore potentials within the IT-infrastructure of a large-
scale general contractor. By analyzing data paths and the form of transmittal, the author 
demonstrates, that the construction sector presently does not use the full potential of data. 
Two theoretical systems of changing this problem are shown and evaluated.  

As a conclusion, the author examines additional disruptive factors and concludes with 
suggestions for the whole industry but also for single companies of how to not be scared 
but take advantage of the futures changes and disruptions.   
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Index of Abbreviations 

 

abbr. abbreviation  

AI artificial intelligence 

AR augmented reality 

BIM building information modelling/management 

CRM Customer Relationship Management 

e.g. for example 

ERP Enterprise-Resource-Planning 

FM facility management 

GDP gross domestic product 

GMP Guaranteed Maximum Price 

HR Human Resources 

IoT Internet of Things 

JTBD Job-To-Be-Done: the name of one of the main theories by Prof. Christensen 

ROI return on investment 

VR virtual reality 
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1 Introduction 

1.1 Motivation 

“Whatever your business, significant disruption is either already occurring or on the 
way.”2 

Cryptocurrency and its drive to decentralization, transporting drones due to an on-
demand-society and digital natives, who live as so called “digital nomads” all over 
the world, while they expect to be constantly connected. Furthermore, new 
businesses took over traditional markets with untraditional business models (Uber, 
Airbnb, etc.) in less than a decade. The world and its society have always been 
changing and so it is now. This dissertation deals with a specific sector of change in 
businesses: the fast and often unpredictable way of changing a business sector by 
disruptive innovation.  

 

1.2 Point of Discussion – Introduction to Disruptive Innovations 

“It is not the strongest of the species that survives, nor the most intelligent that 
survives. It is the one that is the most adaptable to change.” Charles Darwin 3 4 

Based on the recent disruptive developments in several fields and the general spreading 
of the term “disruption”, in this dissertation the author deals with the question, how 
disruption can exist and evolve in the construction sector. The research question of this 
dissertation focuses furthermore on general fields of present innovations, and if they 
have disruptive potential. Based on this initial question, the author analyzes the most 
disruptive fields in a closer context and produces several case studies and further 
hypotheses in order to predict disruption in more detail in the construction sector. 
Besides the analysis of specific fields, the author takes a closer look into the question, 
how existing construction companies can prepare themselves regarding disruption.  

The author wants to bring clarification into the present phase of quick and apparently 
non-calculable changes in business models – with an emphasis on construction but 

                                                      
2  Nicholas D. Evans, Mastering digital business: How powerful combinations of disruptive technologies 

are enabling the next wave of digital transformation (Swindon: BCS The Chartered Institute for IT, 
2017), Pos. 524 out of 5154. 

3  Charles Darwin, “On the origin of species,” https://quoteinvestigator.com/2014/05/04/adapt/, 
accessed April 2018. 

4  Nicholas D. Evans, Mastering digital business: How powerful combinations of disruptive technologies 
are enabling the next wave of digital transformation (Swindon: BCS The Chartered Institute for IT, 
2017), Pos.3082 out of 4154. 
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relying on happenings in other fields. Levy claims, that “we used to live in a world where 
we would categorize companies and industries, even people, in kind of formatted 
ways. This person is an engineer. That company operates in the automobile industry. 
These days, everything is blurred”. 5 He furthermore mentions, that for some of the 
biggest companies worldwide – e.g. Amazon – a definition of its business sector is almost 
impossible. He follows, that these blurred lines can be used successfully.6 Similar, Evans 
claims that innovations, as IoT, “incorporate an even broader ecosystem of technology 
enablers and industry participants “7 For example, Amazon started as a book retailer 
and soon introduced one of the first e-book readers to the market in early 2008.8 Just 
one year later, “e-book sales on Amazon exceeded those of paper books”,9 and just a 
couple of years later, their influence was so large, “that Apple settled a dispute with 
publishers for $420 million.”101112. 

This is just one of many examples, where a company focused on a very rapidly 
innovation became a powerful market player. Prof. Goger claims, that “a quick and 
disruptive change process can easily work within the value-adding chain of a 
construction process (planning, construction and operation), too.” He furthermore 
refers to the development of smartphones. 13 The author follows, that the construction 
sector is still waiting for the tipping points to come – “the levels at which the 

                                                      
5  Linda Kerstin, “7 Key Insights by Maurice Lévy, Chairman and CEO of Publicis Groupe,” 

https://www.berlin-school.com/blog/7-key-insights-maurice-levy-chairman-and-ceo-publicis-groupe, 
accessed April 2018. 

6  Mark Raskino, Digital to the Core (s.l.: Bibliomotion Inc, 2016), Pos. 1002 out of 4471, 
http://search.ebscohost.com/login.aspx?direct=true&scope=site&db=nlebk&AN=1088030. 

7  Nicholas D. Evans, Mastering digital business: How powerful combinations of disruptive technologies 
are enabling the next wave of digital transformation (Swindon: BCS The Chartered Institute for IT, 
2017), Pos. 1582 out of 4154. 

8  Wikipedia, “Amazon Kindle,” https://en.wikipedia.org/wiki/Amazon_Kindle, accessed April 2018. 
9  Katie Allen, “Amazon e-book sales overtake print for first time,” 2009, 

https://www.theguardian.com/business/2009/dec/28/amazon-ebook-kindle-sales-surge, accessed 
April 2018. 

10  Brian X. Chen and Nicole Perlroth, “Settlement in Apple Case Over E-Books Is Approved,” 2014, 
https://www.nytimes.com/2014/11/22/technology/judge-approves-450-million-settlement-in-
apple-e-book-case.html, accessed May 2018. 

11  Samuel Gibbs, “Apple Agrees to Pay $ 450m Settlement in eBook Price Fixing Case,” 2014, 
https://www.theguardian.com/technology/2014/jul/16/apple-agrees-settlement-ebook-price-fixing, 
accessed May 2018. 

12  Mark Raskino, Digital to the Core (s.l.: Bibliomotion Inc, 2016), Pos. 186 out of 4471, 
http://search.ebscohost.com/login.aspx?direct=true&scope=site&db=nlebk&AN=1088030. 

13  translation based on the original version “Die Kunst wird darin liegen, den Gesamtprozess „Planen, 
Bauen und Betreiben“ – trotz aller disruptiven Entwicklungen – realitätsnah in Algorithmen 
abzubilden. Wenn es beim Smartphone geklappt hat, warum sollte es beim Planen, Bauen und 
Betreiben nicht klappen?“ by Gerald Goger and Wilhelm Reismann, Thesen zur Zukunft des Bauens, 
1st ed. (Wien: TU-MV Media Verlag, 2016), p. 9. 
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momentum for change becomes unstoppable”.1415 Nevertheless, the sector is 
preparing itself and the key players know about the need for change. A study made by 
the Economist Intelligence Unit in 2015 asked experts in construction, which factors 
have the most potential to make construction more efficient. The top answer - 37% of 
all participants agreed – was: a quicker implementation of new technologies by all 
process participants. 1617 Furthermore, the National Research Council published a book 
in 2010 and claimed the most important steps to be prepared for disruptors are 
“understanding the potential impact of certain technologies”, in order to “increase 
the lead time for stakeholders to address” them and increase the probability of 
“capitalizing on or mitigating the risk”. 18 David Rogers captures in his book “The Digital 
Transformation Playbook” three major bullet points: “Be fast and iterate. Test Your 
Assumptions. Fail Smart” 19  

Therefore, the author follows, that the construction industry does certainly know about 
their urgent need for change, but still doesn’t really know about the disruptive potential 
in this industrial sector. This task was taken by the author as a foundation for this 
dissertation.  

“Turn Complexity into Simplicity.” 20 

  

                                                      
14  National Research Council, Persistent forecasting of disruptive technologies (Washington, D.C: 

National Academies Press, 2010), Pos. 914 out of 4422, 
http://site.ebrary.com/lib/academiccompletetitles/home.action. 

15  National Research Council, Persistent forecasting of disruptive technologies (Washington, D.C: 
National Academies Press, 2010), Pos. 914 out of 4422, 
http://site.ebrary.com/lib/academiccompletetitles/home.action. 

16  Inc. Autodesk, “Die Digitalisierung der Bauindustrie,” p. 17, 
https://www.autodesk.de/campaigns/the-power-of-digital-for-construction, accessed May 2018. 

17  Sarah F. Gale, “Rethinking productivity across the construction industry,” 
http://perspectives.eiu.com/strategy-leadership/rethinking-productivity-across-construction-
industry, accessed May 2018. 

18  National Research Council, Persistent forecasting of disruptive technologies (Washington, D.C: 
National Academies Press, 2010), Pos. 766 out of 4422, 
http://site.ebrary.com/lib/academiccompletetitles/home.action. 

19  David Rogers, The Digital Transformation Playbook: Rethink Your Business for the Digital Age (New 
York, NY: Columbia University Press, 2016), Pos. 2670 out of 6420, 
http://gbv.eblib.com/patron/FullRecord.aspx?p=4398619. 

20  Larry Keeley et al., Ten types of innovation: The discipline of building breakthroughs (Hoboken, NJ: 
Wiley, 2013), Pos. 329 out of 6026, http://www.loc.gov/catdir/enhancements/fy1313/2012554763-
d.html. 
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1.3 Main Research Question 

In order to fulfill this statement, the author defined the main research question as 
follows:  

“Can disruption occur in the construction sector? If so, which innovations might the 
potential to be disruptive? How can the construction industry adopt their current 
business model in order to avoid being disrupted and turn a threat into an opportunity?” 

To sum this up, the author wants to show, what might be disruptive in construction and 
how to take advantage of it. In order to focus on the research question, two other 
aspects have to be looked at: the current market situation of construction in Central 
Europe and a distinction of the construction industry to often compared industries 
(automobile). These two aspects should show, why the construction sector has a large 
disruptive potential nowadays, why it cannot be directly compared with other fields and 
how similar events occurred in the past.  

 

 Analysis of Market Situation with a Focus on Central Europe and its 
Potential Developments 

Construction is in general a quite influential economic sector. In Europe, about 10 % of 
the GDP are performed by construction. 21 The institute of German Economy (IW) 
follows, that every tenth Euro is made of a part of the value-adding chain of 
construction. 22 The added gross value of construction is at 5 % for years. 23 24 

                                                      
21  Betriebswirtschaftliches Institut der Bauindustrie, Ökonomie des Baumarktes: Grundlagen und 

Handlungsoptionen: Zwischen Leistungsversprecher und Produktanbieter (Wiesbaden, s.l.: Springer 
Fachmedien Wiesbaden, 2013), Pos. 687 out of 6488, http://dx.doi.org/10.1007/978-3-658-01942-6. 

22  Betriebswirtschaftliches Institut der Bauindustrie, Ökonomie des Baumarktes: Grundlagen und 
Handlungsoptionen: Zwischen Leistungsversprecher und Produktanbieter (Wiesbaden, s.l.: Springer 
Fachmedien Wiesbaden, 2013), Pos. 625 out of 6488, http://dx.doi.org/10.1007/978-3-658-01942-6 

23  Betriebswirtschaftliches Institut der Bauindustrie, Ökonomie des Baumarktes: Grundlagen und 
Handlungsoptionen: Zwischen Leistungsversprecher und Produktanbieter (Wiesbaden, s.l.: Springer 
Fachmedien Wiesbaden, 2013), Pos. 619 out of 6488, http://dx.doi.org/10.1007/978-3-658-01942-6 

24  Statistisches Bundesamt, “Volkswirtschaftliche Gesamtrechnung: Inlandsproduktberechnung 
Detaillierte Jahresergebnisse,” 2013a, 
https://www.destatis.de/DE/Publikationen/Thematisch/VolkswirtschaftlicheGesamtrechnungen/Inla
ndsprodukt/InlandsproduktsberechnungEndgueltigPDF_2180140.pdf?__blob=publicationFile, 
accessed May 2018. 
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Worldwide, the construction’s influence rate on the GDP is about 6%.25 26  A study made 
in 2009 in Great Britain claims, that every pound invested in construction triples as a 
result in construction-connected performance. 27 28 

Furthermore, the demand of construction is – based on recent papers - considered 
growing: until 2020, China will build 50.000 km train tracks29 30, India needs housing for 
165 million people31 32 and the general demand in construction products will grow by 
85% until then worldwide. 33 34 

By looking into these numbers, one can see, that construction is not just an important 
and economically highly influential sector, but also is going to gain even more power in 
the next couple of years. This makes construction attractive for investors and 
researchers, especially after related or similar sectors have experienced disruption and 
changes in business models and products heavily recently. However, the construction 
industry did not – yet. One reason for that might be, that the products and the business 
models of construction have significant differences to related sectors, as the next 
chapter will show.  

  

                                                      
25  Pedro Rodrigues de Almeida, “Shaping the Future of Construction: A Breakthrough in Mindset and 

Technology,” 2016, 
http://www3.weforum.org/docs/WEF_Shaping_the_Future_of_Construction_full_report__.pdf, 
accessed May 2018. 

26  Inc. Autodesk, “Die Digitalisierung der Bauindustrie,” p. 4, https://www.autodesk.de/campaigns/the-
power-of-digital-for-construction, accessed May 2018. 

27  Inc. Autodesk, “Die Digitalisierung der Bauindustrie,” p. 4, https://www.autodesk.de/campaigns/the-
power-of-digital-for-construction, accessed May 2018. 

28  LEK Consulting, “Construction in the UK economy: the benefits of investment,” 2009, p. 4. 
29  Christine Nguyen, “This bridge will connect 90% of the Chinese population,” 2015, 

http://www.techinsider.io/china-beipan-river-bridge-high-speed-railway-2015-11, accessed May 
2018. 

30  Inc. Autodesk, “Die Digitalisierung der Bauindustrie,” p. 4, https://www.autodesk.de/campaigns/the-
power-of-digital-for-construction, accessed May 2018. 

31  Global Construction, “Global Construction 2030,” http://www.globalconstruction2030.com/, 
accessed May 2018. 

32  Inc. Autodesk, “Die Digitalisierung der Bauindustrie,” p. 4, https://www.autodesk.de/campaigns/the-
power-of-digital-for-construction, accessed May 2018. 

33  Global Construction, “Global Construction 2030,” http://www.globalconstruction2030.com/, 
accessed May 2018. 

34  Inc. Autodesk, “Die Digitalisierung der Bauindustrie,” p. 1, https://www.autodesk.de/campaigns/the-
power-of-digital-for-construction, accessed May 2018. 
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 Comparison to other Industrial Sectors 

The construction sector is often compared to manufacturing in general, to the 
automotive sector as well as to other industrial fields. Nevertheless, there are several 
specialties, which make a quick adoption of digitalization as well as disruption 
harder/different for the construction sector: 

 production on site 
 changing production locations 
 prefabrication parts are hard to be prefabricated in general (parts are often 

single-customer-specific) 
 user-oriented single-time production 
 on demand production 
 high production-risks 
 labor-intense 
 customer has a lot of legal rights for changes within the process 35 
 

Mr. Haller showed the most significant differences as follows: 

Figure 1 - differences chemical production, automobile production and construction 

                                                      
35  translated from: Betriebswirtschaftliches Institut der Bauindustrie, Ökonomie des Baumarktes: 

Grundlagen und Handlungsoptionen: Zwischen Leistungsversprecher und Produktanbieter 
(Wiesbaden, s.l.: Springer Fachmedien Wiesbaden, 2013), Pos. 854 out of 6488, 
http://dx.doi.org/10.1007/978-3-658-01942-6. 
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36 37 

Keeping this in mind, the author starts this dissertation with a purely theoretical and 
construction-based attempt to disruption – not a comparison of disruption going on in 
other fields, because the results might otherwise not be applicable to this specific 
industry. Even though, there have been disruptive innovations in other fields, which are 
more or less comparable, there has been little disruption-related research in 
construction. In order to uncover this discrepancy, the author takes a look into several 
resources and tries to develop further findings. 

 

1.4 Methodology 

As mentioned before, “Disruptive Innovations in Construction” is a relatively new field. 
Nevertheless, innovation was a long-time research focus. The author analyzes present 
literature and establishes her research where other scientists have left off. In detail this 
is as follows. 

 

 Literature 

The author based the initial part of her research on current literature. Based on the 
topicality of this topic, major parts of the literature methodology are based on recently 
published scientific (online) papers. From all the literature and information researched, 
the distribution of topics is as follows: 

  

                                                      
36  Christoph Haller, “Controlling: Herausforderung für die Baubranche (1993),” in Industrielle 

Organisation Management Zeitschrift, pp. 53–58. 
37  Betriebswirtschaftliches Institut der Bauindustrie, Ökonomie des Baumarktes: Grundlagen und 

Handlungsoptionen: Zwischen Leistungsversprecher und Produktanbieter (Wiesbaden, s.l.: Springer 
Fachmedien Wiesbaden, 2013), Pos. 914 out of 6488, http://dx.doi.org/10.1007/978-3-658-01942-6. 
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 TOPIC ARTICLES 
USED 

RATIO NON-
CONSTRUCTION : 
CONSTRUCTION 38 

GOOGLE 
SEARCH IN 
MILLION 39 

1 Innovation (generally) 12 12:13 1030 

2 Disruption (generally) 10 10:4 73 

3 Digitization/Technology 
(generally) 40 

23 23:17 19 

4 Other (generally) 12 12:13 - 41 

5 Innovation in Construction 13 12:13 855 

6 Disruption in Construction 4 10:4 73 

7 Digitization in Construction 17 23:17 3 

8 Other (Construction 
related) 

13 12:13 - 42 

9 Disruptive Innovation - 43 - 42 

10 Disruptive Innovation in 
Construction 

- - 8 

 
Table 1 - literature overview  
 

The distinction of topics in the section „articles used“ was made by the author on the 
judgement of main present topics in each article/book. Detailed analyses regarding 
each article and the made judgment can be found in the appendix. Some articles have 
been associated with two major topics. In the following graph the author visualized, on 
which basis of literature this methodology is based and which ratio between 
construction- and non-construction-related articles is used throughout this 
dissertation.  

                                                      
38  for the visualization of the applied literature, the author combined the results (in order to show the 

percentage of overlap and the ratio) 
39  the Google search was made on the 20th of November 2018. Results are rounded to the million. 
40  the Google search was conducted for “digitization” (American English) + “digitalization” (British 

English) 
41  the Google search for „others” does – in the author’s opinion – not put any value to this overview 
42  the Google search for „others construction related” does – in the author’s opinion – not put any 

value to this overview 
43  the author researched many articles within this area, but a distinction between the topic’s 

“disruption”, “disruptive innovation” and “innovation” cannot scientifically properly be made and 
would therefore not add value to this section  
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Regarding the literature research about disruptive innovation the author focused on the 
theoretical input and publications by Prof. Christensen. He is a researcher and professor 
at Harvard University and is widely considered as one of the “founders” of the theory of 
disruptive innovations.44 Additionally, the author focused on recent publications by Prof. 
Goger and colleagues, due to their focus on the Central European market. 45 

Furthermore, the author analyzed present literature regarding disruption, disruptive 
technology, disruptive change, disruptive innovation, digitalization, forecasting of 
disruption and many more as seen above. 

                                                      
44  Clayton M. Christensen, Disruptive Strategy (October 2017). 
45  Gerald Goger and Wilhelm Reismann, Thesen zur Zukunft des Bauens, 1st ed. (Wien: TU-MV Media 

Verlag, 2016), p. 9. 

Figure 2 - literature overview and topic ratio 
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The innovation study done by the author in chapter 2 is based on studies by large 
consulting companies – lead by McKinsey, Roland Berger and Deloitte to just name a 
few.  

Based on the topicality of the research field in chapter 3 and 4, recently online published 
papers and articles also regarding other related topics were taken into consideration, 
too. Besides literature, the author conducted new data by questionnaires (chapter 2), 
on-site experiments (chapter 3) and case studies (chapter 4), as well as used existing 
data from large-scale companies as follows.  

 

 Analysis and Generation of Data  

Construction specific data, experiments on-site and case studies were conducted in 
cooperation with a large-scale construction company and with a focus on their general 
contracting business model. The author focused on the generally adoptable parts of this 
company and tried to avoid firm-specific specialties.   

Furthermore, the author made an expert survey in chapter 2 regarding the disruptive 
potential of several innovation fields – mainly in Germany and Austria.  

The on-site experiment in chapter 3 was supervised by experienced site managers, 
project managers and many other employees of the cooperating construction company, 
in order to maximize practical relevance.  

The case study in chapter 4 had the same level of expert’s oversight. The results were 
controlled and reevaluated by several employees of several companies, mostly in the 
field of IT and data analytics.  

Before immersing in the first study about the fundamental theories of disruptive 
innovation, some initial definitions have to be made.  
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1.5 Initial Definitions 

Supporting Innovation versus New Fields of Business 

In order to get some clarification in the field of innovation in construction, the author 
makes an initial differentiation between innovation fields: 46 

- supporting innovations: 
Supporting innovations are new technologies impacting on the core product or 
process of construction but cannot (yet) be seen as a new field of the construction 
business. As an example, blockchain technology might become an important factor 
for future digital collaboration but is not itself seen as a new core business for 
construction companies. Further discussed examples, which are – in the author’s 
view – supporting innovations, are: cloud technology and big data analysis.  

 new fields of business: 
New fields of business through innovation is defined by the author as a technology, 
that can become a new field of business in construction on its own. For example, a 
construction company can sell products made by additive manufacturing and 
develop this as a new business sector. Further fields of new businesses are: 
augmented reality, drones, smart homes and many more.  

  

                                                      
46  differentiation refers to publications by Prof. Hong Y., e.g.:  Hong Y. Park, “What's the difference 

between technological change and innovation?,” 
https://www.researchgate.net/post/Whats_the_difference_between_technological_change_and_in
novation, accessed November 2018. 
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1.6 Dissertation Outline 

The initial scientific question is to evaluate the general potential and the fields of 
disruptive innovations in the construction sector. Is it possible, that new market players 
or new products have a big enough influence in this industry to change the current 
business models?  

Former research has been done mainly regarding several innovation fields in 
construction, but has left off at a point, where it comes to the specific business model 
change by disruption. Even though a lot of other industries are being disrupted or have 
been disrupted, the construction industry is still “safe” for several years. This is, where 
this dissertation takes off and wants to give specific answers.  

Based on several other studies, papers and data, the author evaluates first the potential 
fields of disruptive innovations by taking a more general and theoretical look at it: where 
does innovation in construction happen in general and what is the economic potential 
and implementation level of those innovations? Following that, the author analyzes, 
which theories of disruption are applicable to construction and quantifies disruptive 
potential in different innovation fields.  

Based on those results, the author will take a closer look into the fields with the highest 
and most significant potential of disruption and will conduct experiments and case 
studies to gain further knowledge about those fields and how to detect disruption.  

Finally, the author will use this knowledge of disruptive fields to suggest ways for the 
construction industry and its traditional companies to how to react to disruptions and 
how to not be scared but take advantage of future changes and disruptions.  
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2 Potential Fields of Disruptive Innovations in Construction  

Present innovation fields in construction and applicable disruptive theories based on 
the Harvard Business School theories by Prof. Christensen 

The methodology used for this chapter is mainly based on present literature research, 
as well as on studies and courses taken by the author at the Harvard Business School. 
Parts of the content have been published by the author before.47 

 

2.1 Introduction 

 Motivation 

As the author showed before in 1.4.1, there has been done a lot of research regarding 
innovation in construction, but very little regarding disruption and disruptive innovation 
in the construction sector. Nevertheless, many fields have recently been disrupted 48, 
and so the author wants to take a closer look into the question, if disruption can happen 
in construction, and if so, where and how.  

 

 Research Method and Point of Discussion 

This second chapter of this dissertation initially analyzes the general discussions in this 
field and where other researchers left off, then revolves around two major questions: in 
which fields of construction does innovation happen? And secondly, which theories of 
disruption are adoptable to construction? By answering and combining those questions 
and adding an expert survey on top, the author claims to be able to fill the gap of 
previous research in the field of disruptive innovations in construction.  

 

 Outline 

By analyzing all fields of innovation in construction and defining their potential to be 
disruptive, the author reveals an approach to foresee disruptive fields and their 
capability of influence this sector. This part of this dissertation shows the fundamental 

                                                      
47  Sarah Buchner, “Harvard Business School - Disruptive Strategy Final Paper - STRABAG SE,” Paper 

Harvard Business School Certificate Disruptive Strategy, 2017. 
48  National Research Council, Persistent forecasting of disruptive technologies (Washington, D.C: 

National Academies Press, 2010), Pos. 914 out of 4422, 
http://site.ebrary.com/lib/academiccompletetitles/home.action. 
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fields of disruption and further displays a way on how to prospectively quantify the 
disruptive potential of innovations in the construction sector.   
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2.2 Point of Discussion – Detecting Disruption in Construction 

 General Discussion and Gap Analysis 

There has been done a lot of research regarding innovation in construction. The topic 
disruption has been present in several publications and presentations in the last decade. 
Nevertheless, very few scientific approaches have tried to distinguish, if disruptive 
innovations are happening or will happen soon in the construction sector. In the study 
done in 1.4.1, it got transparent, that the field of disruption is not very well represented 
in construction. The author tries to fill this gap with this dissertation.  

 

 Definitions 

2.2.2.1 Definition Disruption  

The term “disruption” is widely used in present business articles and discussions. 
Disruption has its etymological origin from the Latin word “disrumpere”, which means 
“to break apart, to shatter”.  

In the field of business, disruption is mainly used as a description of a (more or less) 
sudden event (or business plan), which changes the way businesses worked in the 
targeted field before and does “basically mean anything that is counter to the norm”. 
49 

 

2.2.2.2 Definition Innovation 

Innovation – on the other hand – comes from the Latin word “innovare”, which can be 
translated as “renewing”, because it is a composition of the syllabus “in” and “novus” 
(=new). Already based on the etymology, it can be concluded, that innovation is more 
the renewal of something existing than the actual production of something new.  

 

2.2.2.3 Definition Digitalization 

There are several definitions regarding the term “digitalization”. The author 
understands the term as a way of transforming businesses or business models by 
adopting and inventing new ways of digital processes and digital resources.   

                                                      
49  Clayton M. Christensen, Disruptive Strategy (October 2017). 
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Several studies in diverse fields show, that construction as a business field is still in the 
very early stages of digitalization. Some authors claim, that this is based on the lack of 
knowledge of decision-makers regarding generating value by implementing 
digitization.50 A study interpreted by the Boost Brothers in 2012 shows, that 
construction is the least digital sector of all compared51, another one by McKinsey Global 
Institute of 2015 puts construction in the second last position.52 Even though there are 
analogies between digitalization and disruption, a clear distinction has to be made. This 
chapter focuses on the theory of disruption and shows, that in hindsight some of the big 
developments in the process of digitalization were following the patterns of disruptive 
theories. 

 

2.2.2.4 Definition Disruptive Innovation by Christensen - Main Theories 

Some authors see an Austrian economist as the first to “invent” the theory of disruptive 
innovation: Joseph Schumpeter. He focused on “creative destruction”. The core of his 
theory (destroying existing industries by innovation) was updated by Prof. Clayton 
Christensen.53 

Prof. Christensen, a professor at Harvard Business School, first published his theory 
about disruptive innovation in 1995. Within the last years, he came up with various 
theories, case studies and books regarding and expanding his initial theory. In order to 
adopt and analyze disruption for the field of construction, the generally applicable core 
concepts are shortly explained as followed:  

 sustaining innovations vs. low-end disruptions vs. new-market disruption: focuses 
on the different business models in the field of innovative products and their 
market approaches  

 jobs-to-be-done (abbr. JTBD) theory: shifts the focus to a strongly customer-based-
view and therefore uses a deep analysis of customers habits and needs on several 
levels.  

                                                      
50  Rita Lavikka et al., “Digital disruption of the AEC industry: technology-oriented scenarios for possible 

future development paths,” Construction Management and Economics 36, no. 11 (2018). 
51  “Digitalization Matters Also in The Construction and Real Estate Industry: Living on the Edge,” 2015, 

https://www.linkedin.com/pulse/digitalization-matters-also-construction-real-estate-
kankaanp%C3%A4%C3%A4, accessed November 2017. 

52  McKinsey & Company, “Digital America Full Report,” 2015. 
53  David Rogers, The Digital Transformation Playbook: Rethink Your Business for the Digital Age (New 

York, NY: Columbia University Press, 2016), Pos. 3886 out of 6420, 
http://gbv.eblib.com/patron/FullRecord.aspx?p=4398619. 
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 organizational capabilities: a theory about internal resources of corporations and 
companies and their potential of being disruptive  

 modular architecture vs. interdependent architecture: a theory about the strategy 
of innovative business models in several expansion phases 

 strategy development process theory: a concept of deciding between an emergent 
and a deliberate strategy in the strategic management of a company/corporation 

 and several others 54 
 

 Hypothesis: Applying Three Disruptive Theories to the Field of 
Construction 

“The best way to predict the future is to create it” – Peter Drucker 55 

Foreseeing change – and especially disruptive change – is an ambiguous field. The 
methodology used in this chapter is based on adopting the theories by Prof. Christensen 
to construction, combining and comparing with the results of a conglomerate of several 
economic studies about innovation in construction (mainly by large consulting firms).  

In this chapter three of Christensen’s core theories are essential and applicable for the 
field of construction: 56 

 sustaining innovations vs. low-end disruption vs. new-market disruption 
 jobs-to-be-done-theory 
 organizational capabilities.  
 
The decision to put the focus on these three theories was made for the reason, that the 
field of construction has not been majorly disrupted since the invention of the 
thermostat by Warren Johnson in 1883 (after the disruption of Elisha Otis by inventing 
elevators) 57. Therefore it makes sense to  apply the theories regarding an earlier phase 
of disruption and not the ones dealing with expansion and sustaining strategies of 
disruption.  

                                                      
54  those can be found in several papers and books by Christensen; an overview is best given in: Clayton 

M. Christensen, Disruptive Strategy (October 2017). 
55  Peter F. Drucker, “The best way to predict your future is to create it,” 

https://www.goodreads.com/quotes/16406-the-best-way-to-predict-your-future-is-to-create, 
accessed May 2018. 

56  why those three theories were used and why the others not, is discussed in 2.4 
57  Rob Lightfoot, “Disruptive Technology Trends in the Construction Industry,” 2016, 

http://hubmarine.ca/blog/2016/03/24/disruptive-technology-trends-construction-industry, accessed 
November 2017. 
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Lightfoot argues furthermore, that nowadays the lack of disruption in just one field 
(while so many other sectors have been disrupted) attracts tech giants as Amazon, 
Google and others to move into the field of construction. Roland Berger makes a similar 
point, but adds, that the potential to handle highly complex processes (and therefore 
the USP of highly integrated industry leaders) is losing importance. As a result, smaller 
companies or companies from totally different sectors can gain market share easily by 
splitting up the value added chain and specialise in just one process – as it already 
happened in the sectors of mobile communications and retail. 58 

Gassmann and Friesike shorten Christensen’s theory based on Eisenhower: “We 
perform too much, but the wrong processes.” 59 

As a conclusion the author claims the hypothesis, that studies show (and experts agree), 
that construction has not really been disrupted recently, but it’s enormous influence on 
the general economy and society stipulate a high economic potential. In order to show 
potential fields for disruption, the author compares studies about innovation in 
construction with Prof. Christensen’s general business theories about disruption.  

  

                                                      
58 Roland Berger, “Die Digitale Transformation der Industrie,” (2015): 19, 

http://bdi.eu/media/publikationen/#/publikation/news/die-digitale-transformation-der-industrie/. 
59 Oliver Gassmann and Sascha Friesike, 33 Erfolgsprinzipien der Innovation, 1st ed. (München: Carl 

Hanser Verlag, 2012), p. 247, http://www.hanser-
elibrary.com/action/showBook?doi=10.3139/9783446431577.; translated by the author: original cite 
in German: „Wir tun zu viel und das vom Falschen“ 



Dissertation  2.3 Research Method Part 1 – Analysis of Possible 
Innovative Fields in Construction – Analysis of Trends 

 
Dipl.-Ing. Dipl.-Ing. Sarah Buchner  30 

2.3 Research Method Part 1 – Analysis of Possible Innovative 
Fields in Construction – Analysis of Trends 

 

 Introduction 

As seen in 2.2.3, the construction society claims, that there have hardly been “real” 
disruptors in the construction sector in the last century. However, based on the 
developments in other industries and related fields, many new studies about trends and 
innovation fields in construction have been released. This chapter gives a present 
analysis of innovative (and possibly disruptive) fields and areas. 

 

 Methodology used for the Study 

The main basis for this chapter were the following studies and researches: 

 Roland Berger 2016 – Think Act. Beyond Mainstream60 
 HypoVereinsbank & Roland Berger 2016 – Bauwirtschaft im Wandel61 
 TU Wien, Gerald Goger 2017 – Potenziale der Digitalisierung im Bauwesen62 
 World Economic Forum & BCG, 2016 – Shaping the Future of Construction63 
 McKinsey Global Institute, 2013 – Disruptive technologies: Advances that will 

transform life, business, and the global economy64 

                                                      
60  Roland Berger, “THINK ACT: BEYOND MAINSTREAM,” 2016, 

https://www.google.de/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwi7nrbJpKLWA
hWDa1AKHexSACkQFggtMAA&url=https%3A%2F%2Fwww.rolandberger.com%2Fpublications%2Fpu
blication_pdf%2Froland_berger_digitalisierung_bauwirtschaft_final.pdf&usg=AFQjCNECsrXU8mnlZQ
235wqgy7BKHL45dg. 

61  Thomas Baumanns et al., “Bauwirtschaft im Wandel: Trends und Potenziale bis 2020,” 2016, 
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwjJoMmp69X
aAhXLLFAKHZzyAb8QFggoMAA&url=https%3A%2F%2Fwww.rolandberger.com%2Fpublications%2Fp
ublication_pdf%2Froland_berger_hvb_studie_bauwirtschaft_20160415_1_.pdf&usg=AOvVaw2yWR
Ghf3dMKEnvhumOMblR, accessed April 2018. 

62  Gerald Goger, “Studie: Potenziale der Digitalisierung im Bauwesen,” 2017, 
https://nachhaltigwirtschaften.at/resources/nw_pdf/schriftenreihe/201802_Studie-Potenziale-der-
Digitalisierung.pdf, accessed April 2018. 

63  Pedro Rodrigues de Almeida, “Shaping the Future of Construction: A Breakthrough in Mindset and 
Technology,” 2016, 
http://www3.weforum.org/docs/WEF_Shaping_the_Future_of_Construction_full_report__.pdf, 
accessed May 2018. 

64  James Manyika et al., “Disruptive technologies: Advances that will transform life, business, and the 
global economy,” 2013, http://www.mckinsey.com/business-functions/digital-mckinsey/our-
insights/disruptive-technologies, accessed May 2018. 



Dissertation  2.3 Research Method Part 1 – Analysis of Possible 
Innovative Fields in Construction – Analysis of Trends 

 
Dipl.-Ing. Dipl.-Ing. Sarah Buchner  31 

 
All the above-mentioned reports are dealing with field of innovations in construction. 
More detailed information about the clustering and single reports are attached in the 
appendix. Those reports are now clustered and merged.   

 

 Results – Innovation Study 

The first graph shows the result of a topic-clustering within the above-mentioned 
reports. Every category focused on in the reports was put into a database, which was  
then visualized in the form of a word cloud, regarding their frequency of appearance. 65 

66 

                                                      
65  the detailed numbers are given in the appendix 
66  generated by: https://www.wortwolken.com/; input by the author based on the above-mentioned 

studies 

Figure 3 - topic clustering word cloud 
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Some focus (BIM, IoT, data) can be seen right away. In order to get a clearer 
understanding of those several different research groups, the author came up with the 
following cluster of five main fields of innovation, based on the different phases of 
construction:  

 innovation in customer relation (“acquisition phase”) 
 material innovation (“work preparation phase”) 
 innovation in the construction process itself (“execution phase”) 
 innovation in facility management (“operation phase”) 
 innovation in the field of data (not attached to a specific phase) 
 
This 5 main groups were further divided into the following subgroups: 

 customer relation 

- big data analysis (in the field of customer analysis, CRM, customer’s habits 
analysis and so on) 

- e-marketing/commerce (data-based marketing, online procurement, 
algorithmic analysis and targeting) 

 material innovation 

- new and advanced materials  

- self-healing materials/4D materials (e.g. self-healing concrete; 4D-printed 
materials are materials with different properties, and therefore they can 
transform based on external influences) 67 

 innovation in the construction process itself 

- robotics and autonomous vehicles (in this case autonomous construction/site 
vehicles and construction/site robots) 

- additive manufacturing and 3D scanning (also called 3D-printing) 

- process automation/knowledge automation (working on predefined processes, 
which take over parts of former human works by applying them on to 
workflow-engines)  

- prefabrication and module construction 

- augmented reality (as a supportive tool in the planning and construction 
process) 

- drones 

- real-time collaboration and tracking/apps (support by smart devices, phones, 
and other transmitters) 

                                                      
67  Dan Raviv, “Explainer: what is 4D printing?,” https://facebook.com/ConversationUK, 

http://theconversation.com/explainer-what-is-4d-printing-35696, accessed November 2018. 
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- e-procurement/logistics (automation, relation, tracking) 
 innovation in facility management 

- smart homes 

- predictive maintenance (of building services equipment) 
 data 

- BIM and single source of (data) truth 

- big data analytics and data-based prevention (in the field of data conducted on 
site and in the total construction process; not in the field of customer analysis) 

- IoT and sensor technology (in the field of business services as well as machine 
sensors) 

- cloud and platforms (construction project management platforms and clouds 
as a general technology) 

 

After defining this initial research focus clusters, the author equalized the single results 
of the different innovation papers and averaged them. Every number in the different 
forms of measurements was translated to a percentage, and those percentages were 
averaged (see appendix).  

The focus was always on the results regarding influence of business (of every innovation 
field) as well as their implementation level. If other numbers were given in those reports, 
the author did not take them into consideration, because the focus of this dissertation 
is the influence of innovation and how far those innovations are already implemented, 
in order to be able to come up with an educated statement, on how those fields might 
affect construction in the future (e.g. I need to know, how much economic influence 3D-
printing might have, and how much it is already implemented, in order to know, how 
much potential of futures impact it has).   
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2.3.3.1 Economic Influence and Implementation Level by Innovation Field  

 

Table 2 - economic influence and implementation level by innovation field 
 

The numbers in the first column reference the main category (customer = acquisition 
phase; material = work preparation phase; construction = execution phase; FM = 
operation phase; data = not attached to a specific phase). The second column describes 
the subgroups of innovations. The third column shows the potential influence on 
business (as an averaged percentage) based on the researched innovation studies 
mentioned before. The fourth column describes the potential implementation level of 
those fields; therefore, it answers the question, how much this innovation is already 
implemented in the construction sector. 68 

In the following drawing, those numbers are graphically represented. The outermost 
circle is defined as 100% (light grey: potential economic influence; dark grey: current 
implementation level). Those two numbers cannot be compared directly (one percent 
of implementation level is not the same amount as one percent of economic influence).  

                                                      
68  all the mentioned reports were published in the years of 2013-2017. Newer research papers have 

not been considered here.  
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The graph follows the classification of topics as mentioned before (1: customer relation, 
2: material innovation, 3: innovation in the construction process itself, 4: innovation in 
facility management and 5: data). 

In the field of construction, the economic influence of customer relation is not very 
significant (by now), whereas specifically this sector is a main field of innovation in a lot 
of other industries. In this study, the customer relation sector is the only one, where 
implementation is in a mid-range, economical influence in a low end.  

An almost similar pattern can be seen within the field of material innovation. The study 
shows some economic impact within the sector of self-healing and advanced 4D-
materials, whereas the numbers are in general in the lower third.  

When it comes to innovation in the construction process itself, the results are more in 
the large influential area. Especially robotics and autonomous vehicles show results in 
the top third of economic influence, and so do real-time collaboration and the general 
field of mobile devices and apps. Prefabrication – for years an issue in this sector – is still 
seen as a large potential field of innovation, besides one of the top results when it comes 

Figure 4 - economic influence and implementation level 
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to implementation. Process and knowledge automation are believed to have large 
potential too, whereas the author thinks, that with the general development of artificial 
intelligence and workflow automation, those fields can gain even more potential. 
Additive manufacturing, even though seen by many authors as a possibility to turn some 
steps of the supply chain in construction obsolete, 69 is in the mid-range of results, 
augmented reality and drones on the other hand seem to have almost no economic 
influence on the construction sector.  

Outstanding in this graph is, that in the innovation sector of the construction process, 
the level of implementation is correlating with the economic influence, which can be 
seen as a good sign for the people working in this sector. The author concludes, that 
when it comes to innovation in the construction process, management and other people 
involved invest in the right sectors – out of an economic perspective. The only field, 
where this statement is not true, is the sector of e-procurement and logistics: the 
implementation is in the mid-range, whilst the economic potential is located in the lower 
third.  

In the sector of facility management, two main focuses were made: building technology 
and therefore smart homes and predictive maintenance. Smart homes are seen as a 
large economical potential with the second highest results in total, whereas the 
implementation of them is at 40 percent. 

The graph shows, that the largest variances between the level of implementation and 
the economic influence exist in the sector of using data and present IT tools. The same 
sector is seen as the one with the highest economical influence in total. Building 
information management, single source of (data) truth, big data analytics in general, IoT, 
sensor technology, the use of cloud-based software etc. is qualified as the top third in 
all studies, expert interviews and researches. Still, the implementation of it is not even 
crossing the 50 percent line.  

This study gives a current overview on innovation fields and their economic potential. 
Nevertheless, now the question comes up, which of those fields is not just innovative, 
but also disruptive. Therefore, the main theories of disruption have to be matched with 
the innovation fields.  

  

                                                      
69  Ivo Kothman and Niels Faber, “How 3D printing technology changes the rules of the game,” Journal 

of Manufacturing Technology Management 27, no. 7 (2016). 
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2.4 Research Method Part 2 – Disruptive Theories adopted to the 
Construction Sector 

 

After focusing on the possible fields of innovation, the author now analyses the 
applicable disruptive theories by Prof. Christensen: 

 sustaining innovations vs. low-end disruptions vs. new-market disruption 
 jobs-to-be-done-theory 
 organizational capabilities 
 
Other theories regarding disruption are not applicable to the construction sector in this 
chapter and therefore not taken into consideration. Those other theories (see 2.2.2.4) 
are mainly about how to develop a brand (“purpose brand”), how to maintain a 
disruptive scope (“natural process of modularity”) and to manage the development of 
strategy (“managing the strategy development process”). 70 All other theories are 
interesting, but in the author’s view don’t help answering the initial scientific question 
of what might be going to disrupt the construction industry and how an existing firm can 
react to it. Therefore, the author concentrates on the above mentioned three theories.  

 

 Sustaining Innovation vs. Low-End Disruption vs. New-Market 
Disruption 

Christensen makes a clear distinction between innovation and disruption. Even more, 
he claims, that innovation is always a sustaining innovation. This approach matches with 
the etymology of the word innovation (defined in 2.2.2.2). Therefore, he sees sustaining 
innovation in the process of making a product or service better and better. This 
approach targets the top and, in this sense, most paying customers. A short graphic 
explanation – aligned to Christensen – shows the differences between sustaining 
innovation and disruptive innovations over performance level and time.  

                                                      
70  Clayton M. Christensen, Disruptive Strategy (October 2017). 



Dissertation  2.4 Research Method Part 2 – Disruptive Theories 
adopted to the Construction Sector 

 
Dipl.-Ing. Dipl.-Ing. Sarah Buchner  38 

 

71 
 

By trying to adopt this theory to the field of construction, there are several examples – 
in this case the author chose the example of business communication and the (former) 
low-end disruptor “WhatsApp” ® – which is, in the author’s experience and on-site-
research one of the top communication forms on nowadays sites and a great example 
for a construction disruptor coming from a totally different business sector. Out of a 

                                                      
71  Clayton M. Christensen, Disruptive Strategy (October 2017). 

Figure 5 - low-end disruption exemplified for email and whatsapp 
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construction company’s perspective, WhatsApp is an almost decentralized system, 
which can hardly be regulated or controlled and monitored by the firm.  

WhatsApp was generally a disruptor for SMS but can be as well seen as a disruptor to 
general email clients (especially in the construction sector). 

Email-service was initially a very basic tool to make communication faster, easier and 
cheaper. The more people used emails, the more money the email-client-providers 
made and therefore started to think about how to expand and/or improve their product. 
Based on Christensen’s theory of sustaining innovation, the strategy within the question 
of “how to improve a well-working product” is mainly focused on the best customers – 
in this particular case: power users and good-paying customers. New functions, if 
demanded by those customers, would make the product better for those specific 
customers. In the case of email vs. WhatsApp, those performance-upgrades included 
e.g. an internal task-management or a pre-programmable archive. From an objective 
point of view, all those upgrades made the original product (“internet-based 
communication”) better. However, Christensen claims, that the low-end customers 
neither need these upgrades, nor asked for them. The markets’ low-end is generally less 
interesting for the market leaders, because the most paying customers are found 
somewhere else. Still, they often are the biggest group of customers (especially in newer 
markets) and therefore the strongest disruptive power.  

In the email vs. WhatsApp case, the “dangerous” and therefore disruptive part for the 
email-client management was, that they were concentrating on the needs of their best 
customers more than on the needs of their biggest customer group.  

WhatsApp had a less performing product when they started (in comparison to the email 
clients). Still, by its simplicity and the simple user interface on the smartphone (and the 
usage without charge), it gained more and more customers and improved their 
performance with the incoming money.  

Even though, WhatsApp is a real disruptor for Short Message Services, a study by The 
Radicati Group, Inc. of July 2017 shows72, that there are – in total – 3,7 billion email users 
in the world, with an estimated annual growth of approx. 3%. Gmail (Google) announced 
in 2016, that they have over 1 billion monthly active users. Outlook (and therefore one 
of the most successful business email clients) reported 400 million users in the beginning 

                                                      
72  Radicati Group, “Email Market, 2017-2021,” 2017, https://www.radicati.com/wp/wp-

content/uploads/2017/06/Email-Market-2017-2021-Executive-Summary.pdf, accessed November 
2017. 
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of 2017.73 In the same time – in July 2017 – WhatsApp claimed to have 1 billion users 
every day; after announcing to have 1 billion users in total a year before.  

Empirical studies on site show, that more and more of the so called “less important” 
conversations, are held via WhatsApp or similar internet-based short message services. 
Before those services, most of those conversations were held via email or verbal. Even 
though it is not yet a real threat for email clients, it is a perfect example for a low-end-
disruption, which grew in a non-construction market, but now constitutes a daily used 
tool on many projects. 

 

The author chose this example, because it is an example for a low-end disruption in a 
market, where the biggest part of the customers was over-served and then switched to 
a “good-enough” product.  

In the core of the construction market, similar developments can be analyzed: If we look 
at prefabricated elements, we can almost see the same process. A large part of 
customers is over-served by on-site-concrete (no real need for individual design, no 
special reinforcement needs, no specific surface needs or forms) and the cheaper, faster 
and more convenient way of prefabricated elements or whole modules gains market 
shares. Prefabrication can be seen as a low-end disruptor, because it does not create a 
new market (new-market disruptor) and provides a “good enough” product to generally 
over-served customers.  

However, the theories of disruption cannot be viewed completely separately, there is 
almost always a combination of theories applicable.  

This is also applicable for the area of additive manufacturing: It can be seen as a low-
end disruptor (with a “good-enough” product, because presently the quality of 3D-
printed parts is mostly not as good as traditional methods) as well as a new-market 
disruptor, based on the fact, that non-consumers can afford the product. Adopted to 
the construction sector, there are many approaches on where to use additive 
manufacturing. The printing of the first steel bridge will be finished in 2018 in 
Amsterdam, a manufacturer in China prints houses out of concrete. In the US, houses 
are printed out of synthetic material and in Germany companies print formwork for 
convex and freeform surfaces. Those three examples lead to the following comparison 
with Prof. Christensen’s theory: 

                                                      
73  Lifewire, “How many E-Mail Users are there,” 2017, https://www.lifewire.com/how-many-email-

users-are-there-1171213, accessed November 2017. 
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 sustaining innovation: 3D-printed formwork can be seen as a sustaining innovation. 
It is an example for serving the top/best-paying customers with an even better 
product. Nevertheless, there are hardly new customers to gain and the biggest 
customer group in total numbers isn’t served. In this field, incumbents are typically 
the leaders and those innovations usually improve their profits.  

 
 low-end disruptor: The Chinese manufacturer printing small houses in 24 hours out 

of concrete, has the potential to attract the low-end of the housing market with his 
system. Additive manufactured concrete houses are built in a shorter amount of 
time for less money. Even though it still needs additional support for building more 
than one floor and the choice of roof forms are limited, the system offers a “good-
enough” product for building four walls. Usually, new market entrants are better in 
low-end disruptions and more successful in running this form of a discount 
business model.  

 
 new-market disruptor: In the US, a company started to print houses out of 

synthetic material. The general customer might not think about moving into a 
synthetic house right now, but the real job he/she is asking for (see 2.4.2)is an 
affordable place to live. Economically seen, there is a point, where the price is 
small enough to overcome possible boundaries. In this example, additive 
manufacturing in construction is a new-market disruption and therefore highly 
unpredictable and unregulated. Traditional companies can hardly keep up with 
new-market disruptions. (see 2.5.5.3) 74 

  

                                                      
74  Clayton M. Christensen, Material to the Course "Disruptive Strategy" 2017, accessed November 

2017. 
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 Job-To-Be-Done Concept 

„People don’t want to buy a quarter-inch drill. They want a quarter-inch hole. It’s a 
profound insight—first popularized by legendary Harvard marketing professor Ted 
Levitt decades ago.75 Customers don’t want products, they want solutions to their 
problems.“ 7677 

Prof. Christensen claims, that to be able to predict or at least see a disruptive 
innovation, the questions asked have to change. In his opinion, the customer should 
not be asked what product he wants, but rather what problems he has and what his 
daily struggles are. He calls this theory “job to be done” and claims, that “When you 
are solving a customer’s job, your products essentially become services.”78 As a 
famous example, people never asked for spending a night in an anonymous hotel. They 
asked for spending a night in a maximum comfortable surrounding for a maximum 
affordable price. This was one of the main questions asked to the founders of Airbnb 
before they started their company. Several of the most successful disruptors can be 
analyzed back on the initial question: What is the real job possible customers are asking 
for? In order to answer this question profoundly, a customer segmentation needs to be 
made. This is a “practice of dividing a customer base into groups of individuals that 
are similar in specific ways relevant to marketing. Using the lens of disruptive 
strategy, it is critical to segment customers by circumstances rather than by 
demographics.”79 

  

                                                      
75  Levitt is commonly credited with this insight. But in his book The Marketing Imagination, he 

attributed it to Leo McGinneva. Levitt was undoubtedly, however, the one who popularized the 
term. Levitt, Theodore. The Marketing Imagination. New York: Free Press, 1986. Theodore Levitt, The 
marketing imagination (New York, NY: Free Press, 1986), 
http://www.loc.gov/catdir/bios/simon054/86000576.html, accessed May 2018. 

76  Oliver Gassmann and Sascha Friesike, 33 Erfolgsprinzipien der Innovation, 1st ed. (München: Carl 
Hanser Verlag, 2012), http://www.hanser-
elibrary.com/action/showBook?doi=10.3139/9783446431577. 

77  Joseph Neelamkavil, “Automation in the Prefab and Modular Construction Industry,” in 26th 
International Symposium on Automation and Robotics in Construction (ISARC 2009). 

78  Clayton M. Christensen et al., Competing against luck: The story of innovation and customer choice 
(New York, NY: HarperBusiness an imprint of HarperCollins Publishers, 2016), Pos. 1076 out of 4288. 

79  Clayton M. Christensen, Disruptive Strategy (October 2017). 
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After this analysis, the question occurs, what the actual “job to be done” (JTBD) is, that 
customers in the construction sector are asking and paying for. To get a clearer 
understanding, the customers segmentation shows initially three main groups: 

 Public clients 
 Private clients in the field of investors 
 Private clients in the field of personal demand 
 
Generally spoken, the JTBD within the public sector is providing the society with a “good-
enough” product for as little money as possible, over the whole life-cycle. Even though 
this definition sounds easy, it is not generally adjusted to public projects.  

On the other hand, one might think, that the JTBD in the private sector is totally 
different. When it comes to the investor section, the JTBD might mostly be really close 
to the JTBD of public clients: “get as much revenue as possible” leads to “provide a good-
enough product for as little investment as necessary”. By this definition, the large 
potential for low-end disruptors gets obvious.  

The third group – private clients, which are asking us for a product to fulfill their personal 
demand – have a tremendously different job to be done: they are not just revenue 
interested, but really asking for the quality and the use of the building. Which – by this 
theory – should lead the construction sector to develop and support two/three very 
different products and at least two different profit formulas (see 2.2.2.4).  

Besides separating the customers into JTBD-groups, Prof. Christensen’s recommends 
four steps to perfectly use the JBTD-theory and therefore be prepared for disruption or 
disrupt yourself.  

 1. Job To Be Done: A clear distinction of the customers job to be done needs to 
be made. 

 2. Experience: Furthermore, a definition, of the customers experience not just 
while purchasing but especially while using the product is the second focus. 

 3. Integration: Integrating the so far gained input.  
 4. Purpose Brand 80: Finally create a brand, in order to make customers 

immediately think of the company, when they feel, that they have a job to be 
done.  
 

While amongst public clients, being a brand might not be very relevant, and just semi-
relevant for investors, the last customer group – the “real users” – might be a target for 
this theory. Within this group, there is a common mistake (not just in construction, but 

                                                      
80  Clayton M. Christensen, Material to the Course "Disruptive Strategy" 2017, accessed November 2017. 
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in a lot of fields): the focus lies more on the “big hire” and less on the “little hire”. The 
big hire – the moment of purchasing or signing a contract – has always been a focus in 
business, whereas the little hire – the use of the product – has often a secondary 
position. The more the emphasis is on the customer itself and the more connected and 
reviewed the world gets, the more (based on Prof. Christensen’s theory) businesses 
should focus on the little hire.81 

A good example for the little hires and the “job-to-be-done” principle in construction 
are project developers, who concentrate on “Airbnb-buildings”. 82 Developers around 
the world develop apartment complexes, with the focus on renting them out via 
Airbnb.83 This changes the focus in product development from “the big hire” (signing the 
contract) to the real users – in this case short-time renters and therefore the use of the 
building. Those users do usually not have their focus on the longevity of the building, 
neither the location regarding vicinity to schools. The major focus is the accessibility with 
public transport, the amenities within the building (spa, washing facilities and so on) and 
comfort within the apartment. This is a perfect example for a job-to-be-done disruption, 
which is already starting to affect the construction industry.  

 

 Concept of Organizational Capabilities 

The third applicable theory deals with “organizational capabilities”. Prof. Christensen 
claims, that every (existing) company and its products can be separated in three parts: 

 resources: best described as everything, which can be bought and sold; people, 
technology, buildings, machines etc. 

 processes: the company’s internal workflows (defined or undefined), and other 
patterns of habits and similar 

 profit formula: the main reason, how decisions are made; ROI, customer types, 
gross margin targets, etc.84 

 
Based on the theory, it is impossible to disrupt oneself, because resources (=personnel) 
were trained to think and act in a specific way and pattern (=standard processes). For 

                                                      
81  Clayton M. Christensen et al., Competing against luck: The story of innovation and customer choice 

(New York, NY: HarperBusiness an imprint of HarperCollins Publishers, 2016), Pos. 1917 out of 4288. 
82  The author came up with this term. It is not an official term.  
83  One recent example is the Newgard Development Group, cooperating with Niido and Airbnb.  Olivia 

Zaleski, “Airbnb-Branded Apartment Buildings Are Coming to the U.S.,” 
https://www.bloomberg.com/news/articles/2017-10-12/airbnb-branded-apartment-buildings-are-
coming-to-the-u-s, accessed November 2018. 

84  Clayton M. Christensen, Material to the Course "Disruptive Strategy" 2017, accessed November 
2017. 
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that reason, traditional companies are able to do well when it comes to sustaining 
innovation, but not in the other fields. For the bigger part of the JTBD in construction 
(cheap prices for a good-enough product), an existing company can get better within its 
resources. By hiring better personnel, buying better machines, improving their 
processes by making them more efficient and less hierarchical, their profit formula will 
improve. However, existing companies cannot push and change their processes to the 
level of low-end or even less new-market disruptors, because their resources are not 
designed and trained for that.85 

To sum this up, existing companies have difficulties changing their organizational 
capabilities. Whereas it might be not that hard to change personnel, it is hard to change 
processes in an existing firm – and therefore the values of a company. 86 A good example 
for that is, that large companies are trained to work inside existing legal boundaries. 
Therefore, an existing taxi company, would not have managed to realize the business 
concept of Uber. 87 Therefore, pushing “illegal” activities like transporting people in 
privately-owned cars by non-trained drivers, could have made bad publicity for any 
existing company in this field. Whereas a start-up or a newly formed company is not 
afraid of negative publicity, because they have “nothing to lose” – or at least less to lose 
than traditional firms. Therefore, the value of “acting legally” is not as important and 
that is why such business models like Uber can rise only as a new company, but almost 
not within existing ones. 88 

In construction, we can detect similar happenings, especially in the culture (and 
therefore processes) of transparency. 89 Transparency is by some people seen as a 
potential disruption field and inevitably construction companies will be more 
transparent through the use of IT, nevertheless, it is something which has not been 
around in the construction industry for that long. 90 Changing the approach from a 
single-companies-profit-system to a transparent partnering one is hard, because it is not 
part of the sector’s traditional strategy. A start-up can define its processes in a way, that 

                                                      
85  Clayton M. Christensen, Material to the Course "Disruptive Strategy" 2017, accessed November 

2017. 
86  Clayton M. Christensen, Material to the Course "Disruptive Strategy" 2017, accessed November 

2017. 
87  Uber was and still is in several countries against several laws.  
88  Steve Blank, “Unternehmertum: Warum Konzerne nicht wie Startups handeln können - Harvard 

Business Manager,” 2017, http://www.harvardbusinessmanager.de/blogs/warum-konzerne-nicht-
wie-startups-handeln-koennen-a-1165475.html, accessed December 2018. 

89  Julius Tuomikoski, “The key to disruption in the construction industry? - Fira,” 2017, 
https://www.fira.fi/en/blog/key-disruption-construction-industry/, accessed November 2018. 

90  Sarah Buchner, Risiken und Chancen alternativer Vertrags-/Partnering-Modelle (Diplomarbeit, FH 
Campus Wien, 2016). 
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transparency is part of the culture and can therefore be faster with implementing such 
approaches.   

 

To sum this chapter up, there can be three disruption theories detected, which can help 
answer the main question of this dissertation. The “sustaining innovation vs. disruption” 
approach helps to define, if an innovation is “just” a sustaining innovation, or if it has 
disruptive potential. The “job-to-be-done” theory helps to define the real urge of 
customers in order to develop a product in the right direction. And finally, the concept 
of “organizational capabilities” helps to explain, why some companies will be able to live 
disruption, and others might struggle. The first two theories can help to find disruption 
and therefore answer the first part of the scientific question, whereas the last theory 
about capabilities can help to answer the second part: how to react as an existing firm.  

In order to answer the first part of the main question, the previously defined fields of 
innovation (2.3.3.1) in construction are combined in the following chapter with just 
now defined theories of disruption. The result should show, how much disruptive 
potential each single innovative field possesses.  
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2.5 Discussion: Detecting Disruption – Combining Results of Study 
with Christensen’s Theory 

Before adopting the theories to the innovative fields, one should take a closer look into 
the two previously detected Christensen’s theories. 

 

 Job-to-be-done in Construction 

When asking the question, what the real customer’s job-to-be-done in a construction 
product is, a differentiation of construction products and therefore customers has to be 
made first (2.4.2). After this analysis, it gets clear, that the construction sector is serving 
two customer groups, with a totally different JTBD and therefore product.  

Customer Group 1 (public clients and private clients in the form of investors) has a JTBD, 
which almost only targets cost-efficiency. They need a “good-enough” product for as 
little money as possible.  

Customer Group 2 (private clients in the field of personal demand) has a JTBD, which 
focuses on their very personal demand in a construction product (housing, offices, and 
so on). Therefore, they need a solution for their specific problem and might be willing 
to pay for quality, if it serves another purpose valuable to them (e.g. longevity, more 
comfort, etc.).  

Now the question rises, what this separation in customer groups and JTBDs means for 
the sector of disruption. Therefore, we take a closer look into the differentiation of 
sustaining innovation vs. disruption.  

 

 Sustaining Innovation vs. Low-End Disruption vs. New-Market 
Disruption in Construction 

As shown in the previous chapters (2.4.1), the whole market (in regards of one customer 
group) can be separated in three fractions: sustaining innovation, low-end disruption 
and new-market disruption. To get a clearer understanding, some examples in regard to 
the two customer groups are given: 
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Customer Group 1: JTBD = “good enough” product for as little money as possible (cost-
efficiency): 

- sustaining innovation means to make the product cheaper (and therefore to 
make a construction site faster, the processes simpler and more efficient and 
to reduce quality) 

- low-end disruption means to make the product exactly “good-enough” (and 
therefore easier accessible, simpler to control, and on point regarding the 
fulfillment of needs) 

- new-market disruption means to serve the previous non-consumers; in this 
case for customer group one, it means to solve the job-to-be-done (cost-
efficiency) with a new product or a workaround; e.g. a new-market disruption 
for a private client in the field of investors might be an investing opportunity, 
which is saver and brings more return of investment than construction 
products. For example: A decline in housing needs would mean, that the return 
of investment in housing buildings would decline too, and then for financially 
motivated customers (customer group 1), purely financial investments like 
shares or bonds might become more attractive than the construction sector. 

 
Customer Group 2: JTBD = “solution for a specific personal problem” (personal 
demand): 

- sustaining innovation means to make the product better (e.g. if a customer 
wants to use his office building for a long time and must pay the operational 
costs, a sustaining innovation would cut those costs by using better isolation 
material) 

- low-end disruption for customer group 2 means, that the product will be 
“good-enough” to fulfill the initial purpose; if the customer has a personal 
demand for office space, but does not necessarily see a point in caring about 
the façade, a regular, rectangular office building with a standard façade is a 
good-enough product 

- new-market disruption in this customer group is hardly existing; “new-market” 
is defined by serving the non-consumers, but in regards to personal demand, 
there is almost no non-consumers, because somehow everyone is fulfilling his 
personal demand for construction (one might argue, that some parts of the 
worlds’ population, e.g. third-world-countries, are non-consumers, but this 
dissertation does not further focus on this group) 
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The following graph is a simplified account of the just now described combination of 
Prof. Christensen’s theories adopted to the field of construction. 

 

 

The analysis above shows, that the most significant differences between the two 
customer groups result (out of the JTBD-viewpoint) in the field of sustaining innovation, 
but as well in the new-market disruption (because the author claims, that there are no 
non-consumers in the sector of personal demand). In the sector of low-end disruption 
there is not a significant difference between customer group 1 and 2. Even though the 
differentiation into the two customer groups is important regarding the JTBD-theory, 
this graph shows, that it is less important, when we go into a detailed analysis of the 
“sustaining innovation vs. low-end disruption”-theory. The focus of this dissertation is 
on disruption, therefore the differentiation in the sustaining innovation part is not a 
focus here, nor do the differences in the field of new-market disruption harm this 
research, because new-market disruption does only exist for customer group 1.  

  

Figure 6 - job-to-be-done for customer group 1 and customer group 2 in 
construction 
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strategic focus suggested by the author 

 

 

The following step combines the results of the innovation study conducted by the author 
previously (2.3.3) with Prof. Christensen’s two major theories. In order to do this, the 
author came up with a quantitative experts’ survey, where they answer simplified 
questions regarding each type of innovation, and based on the answer, the disruptive 
potential is calculated.  

  

Figure 7 - suggested strategic focus based on customer group 1 and 2 
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 Experts Survey  

The author followed this analysis with an expert survey in the construction sector, where 
industry leading specialists were asked to evaluate the before clustered fields of 
innovation regarding their disruptive potential. Following Prof. Christensen’s theories, 
the experts had to classify the fields regarding performance, customers and business 
model as follows.  

 performance: if and how the innovation has an influence on the performance of 
the product itself  

- 1 makes the product better (ergo: sustaining innovation) 

- 2 has no influence on the performance of the product – “good-enough” (ergo: 
low-end disruption) 

- 3 makes the product’s performance worse (ergo: new-market disruption) 

- x all/not applicable 
 customers: which type of customer is targeted by the innovation  

- 1 top-customers (ergo: sustaining innovation) 

- 2 customers in the low-end of the market/over-served customers (ergo: low-
end disruption) 

- 3 new customers/non-consumers (ergo: new-market disruption) 

- x all/not applicable 
 business model: how does the innovation influence the business model of 

construction companies 

- 1 improves profit margins (ergo: sustaining innovation) 

- 2 new customers with less revenue/customer – low-end of the market (ergo: 
low-end disruption) 

- 3 not sure yet, but does change the customer’s profile (ergo: new-market 
disruption) 

- x all/not applicable 
 

This categorization was made by the author and is derived from Prof. Christensen’s 
theories of categorizing innovation and disruption. 91 The results were then averaged, 
and the amount of “x” was taken into consideration (if more than 50% of the answers in 
one category were “x”, the overall result was considered being an “x”).  

                                                      
91  Clayton M. Christensen, Material to the Course "Disruptive Strategy" 2017, accessed November 2017. 
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The distribution of the different present positions/roles, in which the experts work 
currently, is as follows: 

 

 

Figure 8 - expert's survey distribution 
 

The obvious imbalance in this distribution is based on the fact, that most of the experts 
regarding innovation in construction work in the contractor field, because this field is 
the one, which sees the most urge of innovating and also the most revenue by doing so. 
Furthermore, the position one is holding is – in the author’s view – not that significant 
in answering this survey, because on the one hand the questions are position-neutral 
and on the other hand, almost every contractor is also in some parts of his life a 
construction customer (we all “use” construction products daily – customer group 2, and 
most of the experts have also already invested in construction – customer group 1).  

 

 

  

57%

14%

29%

Expert's Survey Distribution 

contractor public client consultants/engineers
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Table 3 - results expert's survey 
disruptive potential 
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The experts answered the survey based on the questions given above in three sections 
(performance, customers, business model). They possible answers were given numbers 
(1 to 3) and the experts also had the possiblity to answer with “all/non-applicable”, 
which had the value of “x”. If 50% or more of the responses had the value “x”, the whole 
category was rated “x” for each section (performance, customers, business model). If 
two or more of the sections resulted in “x”, the whole innovation field was rated “x”. 
For the non-“x”-valued sections, an average was calculated by the single results of each 
section (e.g. if question 1 had the result of “1.0”, question 2 the result of “2.0” and 
question 3 the result of “x”, the average total of this innovation field was “1.5”).  

Based on this approach, the total results are:  

  Innovation Fields    average 
+ "x" 

    
 

  
1 big data analysis customer 1,58 
2 e-marketing/commerce 

 
1,88 

3 new and advanced materials material 1,31 
4 self-healing materials/4D materials 

 
1,33 

5 robotics and autonomous vehicles construction  
process 

1,41 
6 additive manufacturing and 3D scanning 1,94 
7 process automation/knowledge automation 

 
1,52 

8 prefabrication and module construction 
 

1,74 
9 augmented reality 

 
1,26 

10 drones 
 

1,33 
11 real-time collaboration and tracking/apps 

 
1,53 

12 e-procurement/logistics /automation, relation, 
tracking 

 
1,37 

13 smart homes FM 1,48 
14 predictive maintance 

 
1,24 

15 BIM and single source of (data) truth data 1,21 
16 big data analytics and data-based prevention 

 
1,77 

17 IoT and sensor technology 
 

1,20 
18 cloud and platforms   x 

 
Table 4 - average result expert's survey disruptive potential 
 

The higher an average result, the more it is a new-market disruption. The lower it is, the 
more this innovation field is a sustaining innovation. A result bigger then “2” is defined 
as being a new-market disruption. As far as this survey regards quite new fields, these 
results may change over time, when an innvation field is further implemented and 
therefore might be seen more clearly as a new-market disruption. In the following graph, 
the results of the survey are shown on the “disruption pyramid” from the previous 
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chapters. This is a supportive graph to show, what the result mean out of a market 
perpective.  

 Combining the Results with Christensen’s Theory of Disruption 

 

 

By averaging the results, a quantifiable assertion can be made, and the before identified 
fields of innovation can be categorized (graph above).  

The higher the results of the survey are, the closer to “new-market disruption” an 
innovation field gets (e.g. the lowest result was IoT with 1,2 and the highest additive 
manufacturing with 1.94). To make this process clearer, one hypothetical example is 
given: if all experts agree, that an innovation would make the products performance 
worse (e.g. a 3D printed wall does not have the same structural qualities as a traditional 
concrete wall), this would result in a “3” in the first question; if all of them agree, it 
would target over-served customers (e.g. if prefabrication makes single-family houses 
way cheaper, but still livable), this would result in a “2” in the second question; and 
finally, if experts agree within the third question, that the innovation would improve the 
profit margins (e.g. an advanced material can be sold with more profit on the market) it 

Figure 9 - disruptive potential of innovation fields (expert's survey result) 
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would result in a “1”. Then the average would be a “2” and therefore a low-end 
disruptor. 92  

The results are discussed further in the next chapter.  

 

 Combining the Results of Disruption with the Results of Innovation 

 

The expert survey results show, that a lot of the surveyed innovation fields are not yet 
considered being disruptive, but rather sustainable innovations. In order to get a clearer 
understanding, how much potential they have not just in a disruptive approach, but out 
of a general economic view, the results of the expert survey (2.5.4) are combined with 
the results of the initial innovation study (2.3.3.1) 93 

 

  

                                                      
92  in this example the author chose different examples for all three questions and therefore the 

average is not representing any result of a specific innovation field 
93  the biggest economic influence is defined by the author in fields, which have a result of potential of 

economic influence of more than 60% and an implementation level of under 50% 
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Figure 10 - biggest economic influence and disruptive potential; per field 
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2.5.5.1 Sustaining Innovation 

The graphs show, that a lot of analyzed innovation fields are found in the sector of 
sustaining innovation, which should, in the authors view, not lead to the thought, that 
there is no potential for disruption, but rather that there is a large, undiscovered field 
by now. The author’s opinion is, that foreseeing and pushing sustaining innovation is the 
simplest of the three mentioned fields – at least for traditional companies filled with 
engineers, which have always been trained to make a product better. 

Nevertheless, fields like robotics, process automation and smart homes are based on 
the experts’ survey in the section of sustaining innovations, they have a high economic 
potential and a small implementation level. Therefore, if the implementation level rises, 
those fields might become more disruptive.  

On the other hand, some of the fields are already considered being potential disruptions 
– low-end as well as new-market.  

 

2.5.5.2 Low-End Disruption 

In the section of the low-end disruptions, the potential of all the studied fields (based 
on the results in 2.3.3) can be condensed to two of the five main phases of construction: 

- innovation in the construction process itself 
- data 94 
 

Within the construction process itself the study showed, that the potential of additive 
manufacturing, prefabrication, process automation in combination with knowledge 
automation and artificial intelligence, as well as real-time collaboration and mobile 
devices is highly (low-end) disruptive. As mentioned before, disruption has a fertile 
ground in breaking value-added chains. The fields of low-end disruption shown in this 
chapter are mostly little parts of the construction process and very often their main 
focus lies in non-construction areas (IT, AI, manufacturing and similar), which makes 
those fields very likely to be disrupted by companies outside the construction area (IT 
companies, other industries, robotics companies etc. – see 4.5.2.5).  

Regarding the field of data, the results show, that there is a large potential with a focus 
on e-marketing/commerce, big data analytics and the use of its results, connected with 
BIM as a concept with its basis in a single source of data truth. The results show again, 
                                                      
94  the author does not take a closer look into the FM section and therefore smart homes; this should 

be done by other researchers 
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that these types of disruption are less focused on traditional construction and might 
therefore happen from outside the traditional construction sector. 

 

2.5.5.3 New-Market Disruption 

The field of new-market disruption is not fully filled with innovation fields. The author 
sees two main reasons for that: 

- new-market disruption is the most difficult one to foresee and capture 95 
- non-consumers do hardly exist in the viewpoint of general contractors 
 
The first approach can be argued with the fact, that – especially in the field of 
construction – new-market disruptions for the JTBD of the customers are often passively 
disruptive products.96 As an example, a study by PWC claims, that additive 
manufacturing is estimated to endanger about 40 percent of air and ocean cargo.97 
Based on the fact, that production will be more local. It is also expected to threaten rail 
and street cargo, which then has a further influence on the construction sector. The 
author calls this passively disruptive. Additive manufacturing might also become actively 
disruptive, in the way of 3D-printing buildings, streets and so on. Another example are 
self-driving cars: they can be seen as an active new-market (because of the non-
consumers) disruptor for the construction sector (self-driving machines, transporters 
etc.), but they might also have a disruptive influence on the way we build and construct 
streets and cities.  

Secondly, the author claimed before, that for the field of construction, the term “non-
consumer” hardly exists. Almost everyone is using construction in some way. Even 
though, they might just be users and not actual clients, they are still (in Prof. 
Christensen’s words) “little hires” (=users; in comparison to “big hires” = buyers). It 
follows, that for the second customer group (JTBD = personal demand), there are almost 
no non-consumers and therefor new-market disruption is hardly possible. Where else, 
for the first customer group (JTBD = cost-efficiency) the non-consumer group does exist 
but focusing on the JTBD (in this case not the public clients, but the private investors) 

                                                      
95  Clayton M. Christensen, Material to the Course "Disruptive Strategy" 2017, accessed November 2017. 
96  the term “passively disruptive” was created by the author and means, that the results of a disruption 

 in another field, are then disrupting the analyzed field 
97  Andrew Tipping and Frederick Duiven, “Commercial Transporation Trends,” 2015, 

 www.strategyand.pwc.com/perspectives/2015-commercial-transportation-trends, accessed April 
2018. 
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those clients might also be attracted by any other product, which focuses on a 
comparable form of cost-efficiency.  

 

This dissertation focuses on the disruptive innovation fields in construction – as the 
studies above showed, this means, that the focus shifts currently to two major fields of 
construction innovation: innovations in the construction process itself and innovations 
in the field of data in construction. In the following chapters the author will focus on 
those two major fields.  

 

 Future Research 

Even though this dissertation is published in 2019, the papers and studies, which were 
conducted as a base for the innovation study, were published between 2013-2016. 
Futures research should re-do this innovation study based on new innovation studies, 
because the topics and fields might change with a fast pace.  

Furthermore, the expert survey is based on expert’s opinion – and the experts were 
mainly of the contractor sector and all born in Central Europe. Futures research could 
re-produce this experts survey with more international experts and mainly out of a 
broader spectrum of fields.  

  



Dissertation  2.6 Conclusion and Recommendation 

 
Dipl.-Ing. Dipl.-Ing. Sarah Buchner  61 

2.6 Conclusion and Recommendation 

The main underlying motivation was to figure out, if disruption is possible in 
construction and if so, in which fields. After the initial definitions, the author split the 
question into two parts: researching innovation fields in general in construction and 
defining their economic potential and their implementation level. The second part was 
defining all applicable theories regarding disruption. These theories were put into a 
quantitative questionnaire and based on this, construction experts defined the 
disruptive potential of the before analyzed innovation fields. This approach showed two 
major fields of disruption in construction: the construction process itself and data in 
construction. Both of which will be analyzed in more detail in the following chapters.  

However, besides knowing, in which fields disruption might occur, being prepared for 
possible disruption is a whole other story, and this story leads back to the three 
mentioned theories.  

By applying the JTBD-theory to the different sections of customers, the construction 
industry has large potential to get more efficient and better, because it implements the 
chance to distinctively define, what steps the customers are really asking for (and 
therefore willing to pay). To be able to do that, the companies need to define their 
internal processes first and then analyze them respectively to the job-to-be-done 
theory. To follow this path is again almost risk free and cost efficient, because analyzing 
internal processes also helps developing and understanding the non-disruptive 
resources (=personnel).  

Sustaining innovations can be achieved by working within the traditional processes and 
patterns – which engineers are trained to be good at – disruptive innovations cannot. 
Low-end disruptors (as e.g. prefabricated construction) is successful, because they take 
a closer look on the JTBD, make a “good-enough” product and therefor are gaining 
customers at the low-end of the market. Whereas newer companies/start-ups in the 
sector of additive manufacturing for example generate partly a whole new market. They 
have the potential to work freely in any direction, without large overhead-costs and old-
fashioned processes. By talking about new market, the analysis leads to the supportive 
companies – for example construction software: They are supporting construction 
projects and companies – sometimes on a low budget – but therefore storing the data 
(BIM-models, drawings, etc.) and the knowledge (processes). In the author’s view, large 
parts of the construction industry are underestimating the future power of data. 
Companies care about the physical whereabouts of their data, but are not aware of the 
fact, that changing the location of data just helps in a sustaining way of thinking, but not 
in a disruptive way. This might be accepted as a disruptive profit formula for software 
companies and should therefore also be considered as a possible profit formula for 
construction companies themselves. Regarding the triangle of organizational 
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capabilities (resources, processes, profit formula), the theory clearly states, that 
companies cannot disrupt themselves, without changing major parts of their 
capabilities. 98 As analyzed before, this fact is based on the resources (people), who are 
used to work in their traditional processes. Prof. Christensen claims, that not a single 
company has ever disrupted itself without doing so – if it did, then by buying or installing 
a disruptive section in their parent company, but always keeping it separated - not just 
in an organizational way, but especially when it comes to resources and processes. 99 
Creating a department of disruption inside the parent company, has no chance to 
succeed. Buying start-ups or giving agile and disruptive people (although possible within 
the organization) the chance to work freely in a separate division, could be one possible 
way, to succeed in disruption – with relatively little risk and costs.  

As a conclusion the author wants to mention, that predicting disruption in precise detail 
is impossible, but throughout the last decades, many economists analyzed, that 
disruption and important market changes always followed similar patterns. If the highly 
integrated construction industry leaders keep concentrating on the sustaining-
innovation-path, they are at risk of losing large market share to low-end disruptors (with 
a “good-enough” product perfectly fulfilling the customers’ job-to-be-done) as well as 
to new-market disruptors, who just change the game by seeing the profit formula in 
totally different products (e.g. software, data or different ways of living). 100 

To be able to disrupt oneself, traditional construction companies might create or buy 
one or more independent and separate divisions, subsidiaries or external companies, 
which concentrate on the real jobs-to-be-done (by analyzing internal processes and 
customers problems) as well as on new-market disruption, based on new organizational 
capabilities (processes). 101 

“There’s something to be said about naïveté. And that’s the other people that are 
disruptive, that they don’t know that they can’t do that.” 102 

  

                                                      
98  Clayton M. Christensen, Material to the Course "Disruptive Strategy" 2017, accessed November 

2017. 
99  Clayton M. Christensen, Material to the Course "Disruptive Strategy" 2017, accessed November 

2017. 
100  Philip Meissner and Torsten Wulf, “So Reagieren Sie auf Disruption,” 2018, 

http://www.harvardbusinessmanager.de/heft/d-156255099.html, accessed December 2018. 
101  Further analysis into the chances and possibilities of existing companies is given in subsequent 

chapters. 
102  National Research Council (U.S.), Persistent forecasting of disruptive technologies: Report 2 

(Washington: National Academies Press, 2010), Pos. 1404 out of 15352, 
https://doi.org/10.17226/12834. 
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3 Disruptive Innovations in the Construction Process Itself 

Present theories and state of the art in construction project management, based on 
self-optimizing, user-friendly and digital task-software, triggered by standardized, 
integrated workflows 

 

3.1 Introduction 

In the previous study, the author analysed the potential of present innovation fields in 
construction regarding economic influence and implementation level (see 2. Potential 
Fields of Disruptive Innovations in Construction ) and combined it with several theories 
of disruption. The study showed two major parts of disruptive innovations: in the 
construction process itself and in the field of data. This chapter focuses on the disruptive 
potential of innovations in the construction process. 

 

 Motivation 

The main motivation is to analyse the disruptive fields in this part of construction and 
furthermore figure out a system, with which these fields can be triggered and used. The 
aim is to not just focus on analysing, but offering an example of a solution, testing the 
hypothesis and examine, if and why such approaches have disruptive potential.  

 

 Research Method and Point of Discussion 

After an initial analysis based on the previous studies made by the author and an 
additional look at present problems in construction, a hypothetical approach is 
presented. This approach is tested on site in form of an experiment and the results are 
shown and interpreted.  

 

 Outline 

In this chapter the author identifies immanent problems in the construction sector, 
combines them with innovation fields in the construction process itself (one of the two 
identified areas with the highest economic potential for innovations) and analyses them 
in the scope of Prof. Christensen’s theories on disruptive innovations. 
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Researching this topic, the author proposes the following hypothesis: Changing from an 
“emergency”-lead project management to a workflow-based task-management, with 
predefined and standardized processes, might be a potential solution, which matches 
the present problems, the innovation fields with the biggest economical potential as 
well as the theories of disruption.  

Analysing the results of the on-site experiment, following the hypothesis, with regards 
to high-potential innovations fields mentioned above and actual construction problems, 
the author shows further potential, chances and risks. 
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3.2 Point of Discussion - Disruptive Innovations in the 
Construction Process 

 

 General Discussion and Gap Analysis 

As mentioned before, the general discussions in this field mainly focused on innovation, 
but less on disruption in construction. After the first study, the author now wants to find 
solutions and approaches in the detected disruptive fields in the construction process 
itself. The following graph is the result of a previous study made by the author. 
Innovation studies of large consulting firms were clustered in order to show the 
implementation level and economic influence of single innovation fields. 103 

 
However, innovation itself does not automatically indicate disruption. In the previous 
study, the author made an expert survey in order to define the disruptive potential of 

                                                      
103  defined by the author as fields, which have a result of potential of economic influence of more than 

60% and an implementation level of under 50% 

Figure 11 - biggest economic influence in the construction process itself 



Dissertation  3.2 Point of Discussion - Disruptive Innovations in 
the Construction Process 

 
Dipl.-Ing. Dipl.-Ing. Sarah Buchner  66 

each of those innovation fields. The fields, which regard to the construction process 
itself, are highlighted now in the previously generated disruption pyramid.  

Figure 12 - disruptive potential of innovation fields in the construction process itself 
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Before further moving on, a short explanation of the 4 most potential innovations fields 
regarding the construction process itself is given underneath (more detail would 
overstress the actual research topic).  

In chapter 3 – the construction process itself – the following four topics have an 
economic influence of more than 50% (100% would be the maximum possible 
influence).  

3.2.1.1 Robotics and Autonomous Vehicles 

Robotics – as can be seen in the study above – are not fully implemented on-site yet, 
even though a scientific and clear distinction between machines (e.g. excavators, cranes 
or tunnelling machines) and “real” robots can hardly be made. Present on-site-machines 
can be highly technological and full of IoT, sensors and more. Whatsoever, “real” 
robotics – as actively used in the automotive and other similar industries - can be seen 
more and more at pilot projects in the construction sector (brick laying robots, plastering 
machines, etc.). 104 Autonomous vehicles are still mainly in a testing phase, but still the 
result shows positive economic influence of them for construction. 105 

3.2.1.2 Process Automation/Knowledge Automation 

The field of process automation and especially knowledge automation – also referred to 
as “artificial intelligence” – can be found in the top results of potential economic 
influence on many present research studies. In the field of construction, the potential is 
seen too, even though the implementation level is little (<50%) and even less than the 
results within robotics and autonomous vehicles. Recently this topic is mainly present in 
the field of construction software and apps.  

3.2.1.3 Prefabrication and Module Construction 

Prefabricated elements have been on the market for several years and are gaining more 
and more market shares.106 Module construction arises its advantages mainly of less 
time consumption on-site and a more optimized construction process in general. The 

                                                      
104  Darren Weaver, “This bricklaying robot works five times faster than a human,” 

 https://www.facebook.com/cnbc, 2018, https://www.cnbc.com/2018/02/17/construction-robotics-
bricklaying-robot-five-times-faster-than-human.html, accessed December 2018. 

105  Matt Alderton, “The Robots Are Coming! Driverless Dozers and the Dawn of Autonomous Vehicle 
 Technology in Construction,” 2018, https://www.autodesk.com/redshift/autonomous-vehicle-

technology-in-construction/, accessed December 2018. 
106  Ryan E. Smith, “History of Prefabrication: A Cultural Survey,” 

 http://www.bma.arch.unige.it/PDF/CONSTRUCTION_HISTORY_2009/VOL3/SMITH-
Ryan_VW_Paper_layouted.pdf, accessed April 2018. 



Dissertation  3.2 Point of Discussion - Disruptive Innovations in 
the Construction Process 

 
Dipl.-Ing. Dipl.-Ing. Sarah Buchner  68 

results show, that there is still potential for growth, even though the implementation 
level is already high.  

3.2.1.4 Real-Time Collaboration, Tracking and Apps 

A less developed and even more potential field is real-time collaboration between 
project participants. In this category not just collaboration, but especially diverse 
supporting software (with an emphasis on apps and tracking software) was the focus of 
research. The fast development and funding of construction apps in the last years shows 
the large interest of the sector. 107  

 

 Further Definitions 

3.2.2.1 Process 

Based on the definition by the International Organization for Standardization (ISO 
9001:2015), a process is “a set of interrelated or interacting activities that use inputs to 
deliver an intended result”.108 

 

3.2.2.2 Workflow 

The Software AG (a company, specialized in process management software) describes a 
workflow as “an orchestrated and repeatable pattern of business activity enabled by the 
systematic organization of resources into processes that transform materials, provide 
services, or process information“.109 

 

                                                      
107  Larry Stewart, “How Mobile Apps are Changing Construction Profitability,” 2015, 

 https://www.forconstructionpros.com/construction-technology/article/12095311/how-mobile-
apps-are-changing-construction-profitability, accessed April 2018. 

108  ISO, “The Process Approach In ISO 9001:2015,” 2015, 
 https://www.iso.org/files/live/sites/isoorg/files/archive/pdf/en/iso9001-2015-process-appr.pdf, 

accessed November 2017. 
109  “Business Process Management (BPM) - Center of Excellence (CoE) - Glossary,” 2009, 

 https://www.ftb.ca.gov/aboutFTB/Projects/ITSP/BPM_Glossary.pdf, accessed April 2018. 
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3.2.2.3 Level of Processes/Process Hierarchy 

There are several definitions of process mapping, process hierarchies and levels of 
detail of processes.110 The author uses the definition given by the official SAP Modeling 
Handbook, due to its easy applicability to the construction industry.  

The SAP’s definition adopted to the field of construction (with some examples): 

 Level 1 – Business Area – building construction, (residential, non-residential), 
infrastructure and industrial e.g.  

 Level 2 – Process Group – acquisition, planning, steel construction and so on 
 Level 3 – Business Process – construction of a wall 
 Level 4 – Business Process Variant – reinforcing steel work for a wall 
 Level 5 – Process Step – reinforcing steel inspection 
 Level 6 – Activity – single activities while performing the reinforcing steel 

inspection – “which data is produced by whom and following which steps?”111- 
defined by the author as the “meta-data-level” 

 
The first two levels are perfectly applicable to business divisions in construction 
companies (topic-related divisions) and the last two levels (5 and 6) are describing the 
real tasks and activities on site.  

 

3.2.2.4 Lean Management  

Lean Management is a system to optimize efficiency by keeping management tight and 
deporting responsibility.112 It is the theory of structuring work with an emphasis on last-
planner models.113 In the authors view, it mainly tries to avoid problems by ongoing 
communication within the several subcontractors and structured and optimized 
organization of working packages. More detail is not needed here and can be found in 
present literature.  

As mentioned before, some companies started recording their internal processes (as it 
is one part of lean management), as actual-performance processes (in comparison to 
target-performance processes). Exemplified on STRABAG SE, the present 4th largest 

                                                      
110  SAP, “Process Hierarchy,” 2010, 

 https://wiki.scn.sap.com/wiki/display/ModHandbook/Process+Hierarchy, accessed November 2017. 
111  SAP, “Process Hierarchy,” 2010, 

 https://wiki.scn.sap.com/wiki/display/ModHandbook/Process+Hierarchy, accessed November 2017. 
112  Gabler Wirtschaftslexikon - Kai-Ingo Voigt, “Lean Management,” 

 https://wirtschaftslexikon.gabler.de/definition/lean-management-37747, accessed May 2018. 
113  for example:  Taiichi Ōno and Norman Bodek, Toyota production system: Beyond large-scale 
 production (New York, NY: Productivity Press, 2008). 
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(when it comes to turnover) construction company in Europe, actual processes have 
been defined roughly, but a breakdown of processes to every task is still to be done in 
most of its part. The biggest challenge in implementing this approach is the 
transformation of a high-level process to several meta-data-field-based processes, 
which can be executed by a process software. The author concluded, that fields with a 
more standardized product (e.g. automobile or any kind of prefabrication suppliers) 
might see an advantage of this approach easier, but the author argues, that in a detailed 
process level, construction sites are standardized too (see 3.5.1). Therefore, the author 
claims the hypothesis, that this might work in construction partially too.  

 

3.2.2.5 General Introduction to Workflows 

The basic principle of thinking in workflows and processes can be seen as follows: every 
sequence of more or less often repeated tasks that has been standard protocol, can be 
described as workflow.  

The simplest approach to explain this principle is observing the habits of every single 
person once they have gotten out of bed in the morning: Some people brush their teeth 
first, then take a shower, and after that getting dressed. Every single step throughout 
the process is a task to fulfill and each task following has a prerequisite before it can be 
undertaken (where there are countless numbers of possible options per task). The goal 
itself ("getting ready to work") is the initial goal and in this principle seen as a task of a 
higher level. The in-between-tasks might vary based on parameters or can even be 
arranged differently, but still are a major part of the process itself. The description of 
these tasks is called workflow analysis on a detailed level (levels of detail in processes 
are described under 3.2.2.3). Analysing the relationships between tasks and describing 
them is creating a workflow, which might vary from topic to topic (or in this example 
person to person) but can be parametrically described and therefore adjusted and 
scaled. 

 

3.2.2.6 General Introduction to Present Process Management in Construction 

There are many publications regarding process management in the field of construction 
and its surrounding areas.114 After the impact of the theory of business process 
management in the 80s and 90s, some companies have started to redefine their 
business processes. Project management software in construction (like “thinkproject!” 

                                                      
114  e.g. a publication of 2005: Rachel Cooper, Process management in design and construction (Oxford: 

Blackwell, 2005). 
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and “Aconex”) is following similar principles, but mainly focusing on basic transmittal 
workflows - by now. As one part of this dissertation and the described research project 
in 3.2.5, the author is taking this initial (transmittal process) idea one step further, by 
not just describing one company’s processes and therefore a project, but hypothetically 
integrating almost every step of a construction project in a software-based form and 
connecting them systematically with more attention to detail. This idea can be easier 
described as continuously asking the questions: “Where are decisions made? Where is 
data created? Who needs that information when, where and for what purpose?”  

The main foundation of a process-based software is connecting and automating 
workflows. In the field of construction, those workflows are not only crucial for a 
project’s success, they define our every-day’s work. Construction sites are organised 
according to their (published or fictional) construction schedule (which can be seen as a 
very basic visualisation of workflows). The author sees this schedule as the project’s 
workflows analysis and the crucial differences is the level of detail of this analysis: if the 
underlying tasks are split up in their smallest units or kept on a higher level. The Theory 
of Lean follows similar principles (differences are described under 3.2.2.4).115 

 

After this initial definition of the innovation fields in the construction process with the 
highest disruption potential and some further definitions, the author follows with a 
current overview on problems in construction, in order to be able to see, if those 
disruptive fields might be able to trigger/solve some of the problems. If they do, it re-
proves their potential.   

 

                                                      
115  e.g.: Taiichi Ōno and Norman Bodek, Toyota production system: Beyond large-scale production (New 

York, NY: Productivity Press, 2008). 
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 Current Problems in Construction out of a Disruptive Viewpoint 

Dr. Barnes “magical triangle” of costs, time and quality is a commonly referred project 
management strategy to success. 116 By putting these three subjects in focus, but 
analysing them from the viewpoint of disruption (and therefore - as explained in chapter 
2 - out of a JTBD-view), the upcoming graph results:117 

                                                      
116  Deborah Boyce, “A History of the Association for Project Management 1972-2010,” p. 21, 

https://www.apm.org.uk/sites/default/files/a-history-of-the-association-for-project-
management_lr.pdf, accessed April 2018. 

117  detailed information about this graph in 2.4.2 

Figure 13 - job-to-be-done for both customer groups regarding cost, time and quality 
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Keeping this in mind, the author follows with an analysis of the present problems within 
construction projects. 

 

3.2.3.1 Costs and related problems 

Following the analysis of JTBD, a closer look on the occurring costs within the 
construction process needs to be made first.  

118 

Compared to the automotive industry, the construction sector is still personnel-
intensive. A study of 2013 claims, that 57% of construction costs (from the customer’s 
viewpoint) are paid for labor work, compared to only 17 percent in the automotive 

                                                      
118  Betriebswirtschaftliches Institut der Bauindustrie, Ökonomie des Baumarktes: Grundlagen und 

Handlungsoptionen: Zwischen Leistungsversprecher und Produktanbieter (Wiesbaden, s.l.: Springer 
Fachmedien Wiesbaden, 2013), Pos. 3360 - 3364 out of 6488, http://dx.doi.org/10.1007/978-3-658-
01942-6. 

Figure 14 - comparison of cost allocation between construction and automotive 
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industry – due to recent developments as robotics, lean management and general 
advantages of mass production, globalization and outsourcing.119 

Even though the construction sector’s costs are mainly caused by labor, Higgins and 
many others claim, that the “construction industry is one of the least efficient 
industries and this is a worldwide issue.” 120 Nevertheless, being efficient is by theory 
not the main success factor regarding disruption. 121 However, focusing on the job-to-
be-done, customer group 1 is mainly asking for a cost-efficient product. Therefore, 
construction industry (at least for customer group 1) has after all a disruptive potential 
by enhancing efficiency. Disruptors tend to split the value-added-chain and redesign and 
rethink the processes in order to kill inefficiencies. 122 

3.2.3.1.1 Value Added 

Focusing more on labor, a study by the Boost Brothers from 2015 shows, that just ten 
percent of the labor work in the construction sector is actually adding value – compared 
to 62% in general manufacturing:  

                                                      
119  Betriebswirtschaftliches Institut der Bauindustrie, Ökonomie des Baumarktes: Grundlagen und 

Handlungsoptionen: Zwischen Leistungsversprecher und Produktanbieter (Wiesbaden, s.l.: Springer 
Fachmedien Wiesbaden, 2013), Pos. 3360 - 3364 out of 6488, http://dx.doi.org/10.1007/978-3-658-
01942-6. 

120  Ceilidh Higgins, “Is Disruptive Innovation possible in the construction industry?,” 2015, 
http://themidnightlunch.com/disruptive-innovation-construction-industry/, accessed November 
2017. 

121  Marc de Jong and Menno van Dijk, “Disrupting beliefs: A new approach to business-model 
innovation,” 2015, https://www.mckinsey.com/business-functions/strategy-and-corporate-
finance/our-insights/disrupting-beliefs-a-new-approach-to-business-model-innovation, accessed 
April 2018. 

122  Ivo Kothman and Niels Faber, “How 3D printing technology changes the rules of the game,” Journal 
of Manufacturing Technology Management 27, no. 7 (2016). 

Figure 15 - comparison of ratios of value-adding between construction and manufacturing 
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123 

Several studies, here summarized by Prof. Haghsheno, show an average of 44 % non-
value adding acitivites (Muda 1), and additionally 25,9 % non-value adding acitivites 
(Muda 2). Therefore, just 30 % of the hours of labour work are value adding in 
construction.  

124 

To show this in regards to the total construction costs, the follwing graph results: 

  

                                                      
123  “Digitalization Matters Also in The Construction and Real Estate Industry: Living on the Edge,” 2015, 

https://www.linkedin.com/pulse/digitalization-matters-also-construction-real-estate-
kankaanp%C3%A4%C3%A4, accessed November 2017. 

124  Shervin Haghsheno, Powerpoint Präsentation bei Zukunftsfragen des Baubetriebs (Wien, 2018). 

Figure 16 - comparison value-adding and non-value adding activities in construction 
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Based on these studies, a large part (25,9% + 44,3%) of all labor work (which makes 
about 57% of the total costs of a construction site) is not value-adding and therefore not 
something the customer is willing to pay for out of a disruptive perspective. This large 
part of total construction costs is not value-adding to the product itself.  

This shows, that the construction sector is highly inefficient.  
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Figure 17 - comparison of cost allocation regarding adding-value in construction 
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3.2.3.1.2 Inefficiency and Productivity 

In the same year, Loosemoore claims, that up to 40 percent of productivity increases 
can be made by adopting and installing new technologies in construction.125 A study by 
Autodesk shows, that about a third of the participants thought, that better use of 
technology, better management and a more efficient use of internal resources can lead 
to an overall better productivity in construction.126 Inefficiency is, based on the 
definition of the word itself, the imperfection of the process of making the best out of 
resources. 127 As far as the biggest cost factor in construction is labor costs, it has the 
greatest potential for optimization (regarding efficiency).  

It is obvious, that one can only work efficiently on-site when personnel knows exactly 
what to do when in which manner. However, projects lack efficiency, due to the 
following problems – amongst others:  

 

3.2.3.1.3 Redundant Communication  

A common problem, in the authors experience, is poor or redundant communication. 
This can be shown by common inefficiency: In the process of inspection of reinforcing 
steel, after finishing the contractual work itself, the site manager is contacted by phone 
(which needs sometimes more than one attempt) to give him the following information:  

 Reinforcing steel work is done 
 Area of work/drawing number  
 Planned time of filling it up with concrete 
 
All this information is given to the contractor before he starts the work in this area. Then 
it is given again to the site manager. Afterwards, repeated again to the concrete 
contractor (and so on). This can by definition be seen as “redundant communication” 
and the repeating of this information has no added value to the product and therefore 

                                                      
125  Martin Loosemore, “Why the Construction Industry Needs to Innovate: Business leaders are 

constantly told that innovation is ‘essential’ to business growth, competitiveness and productivity in 
a world of increasing competition and depleting natural resources.,” 2015, https://mrsplc.net/why-
the-construction-industry-needs-to-innovate/, accessed November 2017. 

126  Inc. Autodesk, “Die Digitalisierung der Bauindustrie,” p. 17, 
https://www.autodesk.de/campaigns/the-power-of-digital-for-construction, accessed May 2018. 

127  Merriam Webster, “Recent Examples of inefficient from the Web,” https://www.merriam-
webster.com/dictionary/inefficient, accessed April 2018. 
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the customer’s needs. Redundant communication is a common managers’ strategy for 
better leadership, but inefficient in one hierarchical level.128 

 

3.2.3.1.4 Redundant Reproduction of Data 

Similar to the problem of redundant communication is redundant reproduction of data. 
Construction projects and their participants reproduce data manually on a daily level 
(see 4.4.2). 

One example: In the before mentioned process of reinforcing steel, the amount of steel 
is calculated by the structural engineer, then put into lists. The amount of steel is then 
manually ordered by a foreman or manager on site. From there on, the subcontractor 
orders it (manually again) with his supplier and so on. 

After installing the reinforcing steel, the subcontractor and the site manager inspect it, 
agree that the job is done and end the process. Later in the project, the subcontractor 
tells his accounting department the used amount of steel (manually or based on the 
delivery receipts). Finally, the site manager checks the amount and either accepts or 
corrects it.  

As we can see, in this simple process, the data (in this case the amount of steel) is 
reproduced manually again and again. Manual data-reproduction is error-prone and 
time-consuming.129 

 

3.2.3.1.5 Unclear Cost Situation 

The final cost-related problem is the uncertainty evolving around the fact, that an 
accurate target/actual cost comparison is a lot of effort.130 Exemplified on the 
corporation STRABAG SE, the actual cost situation overview is based on a monthly report 
provided by the commercial project manager on a more or less subjective opinion of the 
actual situation. When it comes to contractual changes, the examination of the specific 
cost situation requires time-consuming, detailed work. The gap between performance 
                                                      
128  Kim Girard, “It’s Not Nagging: Why Persistent, Redundant Communication Works,” 2011, 

http://hbswk.hbs.edu/item/its-not-nagging-why-persistent-redundant-communication-works, 
accessed April 2018. 

129  Matthew K. H. Hong et al., “Error rates in a clinical data repository: Lessons from the transition to 
electronic data transfer--a descriptive study,” BMJ open 3, no. 5 (2013). 

130  Matthias Fischer, Baustellenergebnisse im direkten Vergleich anhand analytischer Betrachtungen und 
Schlussfolgerungen für zukünftiges Projektmanagement, 1st ed. (Hamburg: Diplomica GmbH, 2004), 
p. 20, https://www.bauingenieur24.de/sharedpics/pdf_diploma/1037_1.pdf. 



Dissertation  3.2 Point of Discussion - Disruptive Innovations in 
the Construction Process 

 
Dipl.-Ing. Dipl.-Ing. Sarah Buchner  79 

(in the given example opinion-based) and real costs (e.g. already received bills from 
subcontractors) is uncertain the whole duration of the project. Despite all the efforts to 
hold that gap at a very low level, the target to get it down to zero can be sometimes just 

reached in the very end. Besides the subjective nature of this process, the missing 
transparency for the (paying) customer is a pressing issue.  

Concluding the problem analysis regarding costs, the author wants to mention, that 
costs are mainly relevant for customer group 1 (according to the JTBD-theory). Following 
this theory, the cost focus on costs of customer group 2 is less important than customer 
group 1. Therefore, one can say, that in this group, cost-efficiency isn’t as important, still 
relevant.  

 

3.2.3.2 Time 

A 2015 research by KMPG showed, that just 25% of all global construction projects from 
2013 – 2015 exceeded the estimated and contractual time schedule by less than10 %. 
131132 Therefore, more than 75% take more than 110% of the scheduled time. This is not 
just inconvenient, but also followed by a rise of costs.  

 

3.2.3.2.1 Time Lag in Workflows and therefore Processes 

Time lags are a common issue on present day sites. They might evolve out of various 
departments (employer, contractor, other participants or as well as external influences). 
Furthermore, by analysing sites and their structure in more detail, the author 
recognized, that many major time lags grow from small time lags on the lowest level of 
project management. As an example, reinforcing steel might be ready for surveillance, 
but time can be lost waiting for a site manager to arrive. One strategy to avoid time lags 
is lean management, which has a proven impact on efficiency, but now mainly covers 
the production processes and less the general organization. There are plenty attempts 

                                                      
131  KPMG International, “Climbing the curve,” 

https://assets.kpmg.com/content/dam/kpmg/pdf/2015/05/construction-survey-201502.pdf, 
accessed December 2018., p. 3 

132  Geno Armstron and Clay Gilge, “Make it, or break it: Reimagining governance, people and 
technology in the construction industry,” 2017, 
https://assets.kpmg.com/content/dam/kpmg/ie/pdf/2017/10/ie-global-construction-survey.pdf, 
accessed May 2018. 
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to avoid time lags on this level, but most of them are less successful, because of poor 
execution and acceptance.133 

Regarding the two different customer groups in the construction sector, both groups are 
interested in a time-efficient production. However, for customer group 1 and their job-
to-be-done focusing on a cost-efficient product, the importance can be seen as higher 
than for the personal-demand-customers.  

 

3.2.3.3 Quality 

There are many reasons for present problems regarding quality in construction projects: 
e.g. wrong information, too little or to late knowledge of decisions (and data), wrong 
management and so on. More details to this can be found in topical literature.  

Another problem in this section is the fact, that there is a time lag in communicating 
problems and therefore unnecessary faults are produced. E.g. if faults are detected in a 
forehand process, the following contractors – if uninformed – are completing their tasks 
and must remove their work again. 134 

Regarding disruption and therefore the JTBD-theory, the quality aspect is a major issue 
for customer group 2 (personal demand), whereas customer group 1 (cost-efficiency) is 
more focusing on the financial sustainability. 

  

After analysing some of the current major problems, those problems are now connected 
with the theory of disruption. 

 

 Combining Present Problems with JTBD-Theory and Disruptive 
Potential 

By combining the existing problems with the theories of disruption, the author 
concludes, that out of a customer’s viewpoint, almost 60% of the labour work (which is 
again about 60% of all costs) is not value-adding and therefore not worth paying - in 

                                                      
133  Rick Pay, “Everybody's Jumping on the Lean Bandwagon, But Many Are Being Taken for a Ride: Lean 

might not always produce the expected benefits and here's why.,” 2008, 
http://www.industryweek.com/companies-amp-executives/everybodys-jumping-lean-bandwagon-
many-are-being-taken-ride, accessed April 2018. 

134  K. N. Jha and K. C. Iyer, “Critical Factors Affecting Quality Performance in Construction Projects,” 
Total Quality Management & Business Excellence 17, no. 9 (2006): 1162. 
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order to “nail” the customer’s job-to-be-done (and be prepared for any disruptions or 
become a disruptor oneself), the construction industry needs to get more efficient. 
Based on the studies given, 32% of the total construction costs could be avoided. Getting 
more efficient is followed by optimizing the construction process itself – to avoid time 
lags, redundancy and disinformation for all project participants. Therefore, the author’s 
hypothesis regards mainly efficiency in several aspects.  

 

 Hypothesis: Executed Processes and Standardized Workflows in 
Construction through Self-Optimizing, Process-Based Task-Software 

Based on the analysis of the actual problems and the JTBD-theory it can be followed, 
that construction projects have the potential to gain remarkable growth of efficiency 
(and therefore save total construction costs and be less endangered for disruption – 
especially in the sector of customer group 1). The author claims, that one possible 
solution for the problems mentioned, is shifting from standard project management 
(tools) to a software-managed, workflow based and therefor task-led, digital project 
management system, where all participant’s work is mainly based on pre-structured and 
pre-defined tasks, given by a software, calculated on a network of connected workflows, 
with predefined processes and parameters defining them. In order to prove this, a small 
version of this approach is in the following chapters taken on site and tested with the 
process of reinforcing steel inspection. This leads to the research question.  

 

 Research Question 

The approached research question is: “Can predefined, digital process- and workflow-
based task-software make the on-site-processes more efficient and are the people and 
workers willing and capable of using these tools? Furthermore, if this works, is this 
approach a possibility for disruption in construction?”  

 

In order to answer this question, the author takes the hypothesis on site by carrying out 
an on-site experiment.  
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3.3 Research Method – On-Site Experiment with Workflow-Based 
Digital Task-Management  

 

General Introduction to the Experiment 

The author claimed the hypothesis, that site management should switch from “reacting” 
to a workflow-based approach. In order to do so, the workflows need to be predefined, 
digitized and brought on site. In this experiment the workflow of “reinforcing steel 
inspection” is the main process.  

In the beginning, the author defined the process of reinforcing steel inspection on a data 
field level (definition in chapter 3.2.2.3) in close cooperation with experienced people 
on site, the project management team and some experts from STRABAG SE.  

The following graph shows the traditional workflow of the reinforcing-steel-inspection: 
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Figure 18 - traditional process of reinforcing steel inspection 
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1. The actual performance of the process and the single steps of the process were 
measured (hereby exemplified for the reinforcing steel inspection):135 

 

This workflow was measured on site in several attempts. The time values are average 
values of every single step of the process.  

 

 

                                                      
135  time measuring, and study on-site was done by the author with support by Felix Rückl and STRABAG 

SE 

Table 5 - average time of single process steps in traditional process of reinforcing steel 
inspection 
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 2. After analysing the traditional workflow, it was improved by eliminating steps, 
with either loops or without a direct increase in value for anyone. General 
optimisation of the process combined with lean management and digitization, lead 
to creating a target performance process, by re-evaluating every single step of the 
actual process in its way of being necessary for the final task (and therefor either a 
customer demand, a legal task, or similar), based on using digital tools. The new 
process was built in the way of optimizing regarding the JTBD-theory.  

Figure 19 - optimization of traditional process of reinforcing steel inspection 
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 3. By doing this, inefficiencies became transparent, and by erasing them, a target 
performance of the process was created and re-evaluated throughout the 
corporation.  

 
 4. This process (still on a transmittal 136 level) was defined in more detail down to a 

data field level (in order to answer systematically the following questions: “Where 
is data created/defined? Was it created/defined before? Can it be reused?”) In 
order to avoid redundancies and create and keep a single source of data truth. 

 

 
  where data comes from (the original source, where data was created) 

where data goes to (where data can be re-used) 
 

                                                      
136  “transmittal” in the sense of transmitting files, documents or tasks from A to B 

Figure 20 - exemplified meta-data-analysis of process steps 
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 5. The process was put into a workflow software with a simple app-like-user-
interface and brought for usage on site. The single steps of the workflow were 
shown as single tasks to fulfil – either connected to a simple done/stop button 
surface or a partly dynamic form.  

 
 6. Results/experiment on site: the traditional as well as the new process were 

brought on site and analyzed regarding time, convenience, usability and other 
factors. 

 

The following spreadsheet shows the measured time of the new process. The 
experiment was made several times, the presented times here are average values, which 
were stopped between each process step.  

 

 

 
To get a better overview, the following graph shows the traditional process on the left, 
and the app-based process on the right side together with the averaged time consumed.  

  

Table 6 - average time of single process steps in new process of reinforcing steel inspection 
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Figure 21 - comparison traditional and new process of reinforcing steel inspection 
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3.4 Data and Results 

 

The following overview shows the average time consumed by the traditional process (on 
the left) compared with the average time consumed by the new, digital process (on the 
right).  

 

The following spreadsheet is a close-up regarding the new process: 

The overall (and therefor average) result was a time-saving of more than 17 minutes – 
within a process, which lasts traditionally 31 minutes in average. The results in this single 

Table 7 - comparison of results of measured times of reinforcing steel inspection 

Table 8 - close-up regarding result new process of reinforcing steel inspection 
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process save 46% of the total time – every single time a reinforcing steel inspection takes 
place.  

Nevertheless, the author wants to anticipate here, that this should not be interpreted 
in a way, that a workflow-based approach can save 46% of the time in the total 
construction process. This is analyzed in more detail in 3.5.2.2.  

Nevertheless, the time savings are fundamental. In this specific process, they are mainly 
based in the digitalization of former manual processes. However, another large time 
saving impact were the following potentials for savings: 

- always having the right data (drawings, axis, etc.) – avoidance of redundancy and 
mistakes 

- no need for going back and forth (avoiding of forgetting anything and getting 
distracted) 

- fewer interruptions (because of the shorter overall time)  

After finishing the task and sending the approval via the app, the information can get 
right to the person, that has to fulfill the next task (in this case the concrete company), 
which has the potential to lead to even more time savings.  

 

To sum this up, the experiment showed, that a workflow-based approach on a meta-
data-level combined with a task-based digital approach can save a lot of time. However, 
time saving is not the only compelling aspect. The next chapter will discuss further 
potential of such an approach.  
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3.5 Discussion 

The approached research question was: “Can predefined, digital process- and workflow-
based task-software make the on-site-process more efficient and are the people and 
workers willing and capable of using those tools? Furthermore, if this works, is this 
approach a possibility for disruption in construction?”  

The main contribution of the site experiment is, that digitization in general and 
automatization of processes and tasks (as shown in the experiment) have the potential 
to make standard processes more efficient. Furthermore, the people and workers are 
willing and (given an easy and understandable user interface) capable of using those 
tools easily. In the following chapter, the overall potential of this simple and single digital 
process is discussed.  

 

 Main Contribution – Prospective Potential 

As mentioned above, studies show, that approximately 32 % of construction costs are 
not value-adding and should (based on the theory of disruption) be avoided. The on-site 
experiment shows, that by analysing the target/actual-processes and combine them 
with nowadays software tools, a lot of time can be saved by automating repeating tasks 
(46% time savings in the on-site experiment-process). The author claims, that 
construction companies have the potential to increase efficiency in a large scale, if every 
single process is analysed and digitized. This can be done by following these steps 
(similar to the steps of the experiment): 

 1. analysing actual standard processes on a meta-data-level (see 3.2.2.3) and 
redefine them to the most efficient target processes on a meta-data-level  
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  where data comes from (the original source, where data was created) 

where data goes to (where data can be re-used) 
 

 
Steel inspections are always based on a reinforcement drawing, in which all important 
data is included (mass and type of steel, positioning etc.). Instead of having this data 
digitally accessible on site, the site-manager needs to write parts of this information on 
a piece of paper and take it with him. Filling in the inspection report, all this data has to 
be reproduced manually. Later in the process the same manual reproduction happens 
again when it comes to billing.  

This explanation of a series of tasks is an example of process analysis on a meta-data-
level. In the experiment, the solution for getting the most efficient target process was 
to gain the predefined data directly from the original source (“single source of data 
truth”). Therefor the team developed an interface to generate real-time-data out of the 
drawings/BIM-model and reuse it in the “reinforcing steel inspection app”.  

Nevertheless, after analysing the current processes on a meta-data-level, they have to 
be optimized.  

Figure 22 - exemplified meta-data-analysis of process steps generally 
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 2. optimize the current processes and supporting then the target processes by 

digital tools  
 

 
 
One might think, that this means to develop a lot of software products inhouse. 
However, the author wants to mention, that this should not be seen as an advice for 
self-developing an all-in-one solution suitable for every purpose. The market for task- 
and workflow-management as described has a lot of apps and software to offer, which 
can be built in an overall landscape by using flexible, open, automatized (“push”) and 
standardized interfaces.  

The now optimized single workflows need to be linked to the overall schedule. 

Figure 23 - exemplified optimization of traditional processes by digital tools 
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 3. link those processes digitally and bidirectionally to the overall construction 

schedule 
 
 

 
In many actual projects, a digital construction schedule already exists. By standardizing 
them (regarding mainly the names of the single steps of the schedule), an automatic 
linking between the schedule and the single process elements is possible. When looking 
to projects based on BIM-models, this approach gets even easier realizable. Already 
nowadays, we use special “translation keys” as a linking help between software systems 
(e.g. a 3D-drawing BIM-tool and a calculation software). Similar (or even the same) 
translation keys can be used for the link between the model and a general construction 
schedule. In a second step those keys can be reused for generating the link to the single 
processes.  

The author wants to mention, that all of the described is technologically possible, but 
can be done faster and easier, if there is a general level of standardization – preferably 
in the whole field and not just within every single corporation. This standardization is 
claimed by many researchers.137 In the roadmap „digitization“ published by the 
organization „Plattform 4.0“ in Austria, Prof. Goger and Prof. Weismann show several 
steps, which are necessary to digitize the construction sector. One of their major claims 

                                                      
137  Gerald Goger and Wilhelm Reismann, Die Zukunft der Bauprozesse: Analyse und Vorschläge zu 

kurzfristigen Verbesserungen, 3rd ed. (Wien: TU-MV Media Verlag, 2017), p. 6. 

Figure 24 – exemplified linking processes bidirectionally to schedule 
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is, that data needs to be transmitted automatically and standardized throughout the 
whole process of a construction project. In order to realize that, they claim that the 
construction sector needs more standardization and better software interfaces. 138 This 
point is further analyzed in 4.5.1.1. 

After linking the single (standardized) processes/workflows to the construction 
schedule, the workflow needs to get to the users. 

 
 4. creating a task surface for the users to unify and simplify the background 

processes 
 

 

 
Figure 25 - creating a task-surface on mobile devices 
 

This means, to bring the single process steps (prefilled by the meta-data coming from 
other software-systems) to an app or any other easy-to-use interface. Therefore, the 
people will change from tracking what they have done after doing it to do what is pre-
described for them.  

In general, this can lead to a reverse approach: on traditional sites, site workers and 
managers react to problems and try to keep track of time, money and quality. In the end 
of the day (or week), they write a manual (sometimes digital) diary, where they reflect, 
what has happened - as mentioned before, almost 60% of the used time is not value-
adding and therefore could not have been planned initially – so are these tasks. An 
alternative concept to avoid this, is a strategic, task-based work method, where workers 
                                                      
138  Gerald Goger and Wilhelm Reismann, Roadmap Digitalisierung von Planen, Bauen und Betreiben in 

Österreich (Wien: TU-MV Media Verlag, 2018), accessed December 2018., p. 11 
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as well as managers have to fulfil the schedule-regarding tasks daily. An in-between step 
could be to prefill the work diary automatically by the main processes (linked to the 
schedule) and to let the workers tick them in the evening. Some workers might then 
start to look at the diary in the morning in order to know what to tick in the evening.  

The last step – for now – is to describe and define, what happens, when the tasks are 
not fulfilled.  

 

 5. create rules and algorithms to redefine the schedule, when the tasks are not 
fulfilled 

 
By getting real-time information, one gets the chance to use this information in real-
time. If the reinforcing steel inspection is unsuccessful, not just the steel billing should 
be stopped, furthermore the concrete works have to be stopped within this object. This 
specific and time-sensitive knowledge is (by now) reported via phone (calls, messages, 
emails). Using software systems as described, this information could be transmitted via 
push notification or directly communicate with the other involved software systems. 
Nevertheless, all the other tasks down the line (e.g. starting the construction of an object 
on top of the stopped object) need to be adjusted regarding time, too. When the real-
time tasks send information back to the schedule, the schedule software (or the 
schedule manager) have the chance to react quicker in order to redesign the schedule.  

 

The more parameters the tasks and the schedule programme have (regarding personnel 
resources as well as logistics and procurement; furthermore, costs in all matters), the 
better the redefinition of the construction schedule can get. This process can be 
compared with nowadays almost standard algorithms – e.g. the one used in Google 
maps: If a user does not follow the suggested path, the optimal next path is recalculated 
right after the user lost track. This recalculation is based on some main principles (in this 
case e.g. fastest way, shortest way and so on). In construction, those parameters could 
be time, costs or special parameters as resources or unit sizes available.  

 

All the above-mentioned potential is technologically possible. The study on site showed, 
that people are willing to use those simple tools and that a lot of time savings occur. 
Further results related to the initial problems in the field of construction are discussed 
as followed. 
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 Results related to Present Problems – Costs 

3.5.2.1 Added Value and new Forms of Salary 

Regarding the theory of disruption, value-added is the only thing, a customer is willing 
to pay for. When it comes to construction, this characteristic value is not very present 
in every-day’s work. By breaking down every process (and the sum of processes seen as 
the fulfilment of the customers task – therefore what the customer is willing to pay for) 
into single tasks, the added-value can also be broken down to every single task as 
described previously. 

The author claims, that every single task has a specific value, which then could be used 
as a basis for personnel’s payment (or bonuses). If such a system was introduced in the 
field of construction, the presently evolving cost-plus-fee-system could directly be 
brought down to the single employee’s payment.  

Looking back to the reinforcing steel inspection example, the following numbers occur: 
A ton of steel is being sold to the employer for estimated 900€ (including installation). 
139 Hypothetically, about 10% of this is calculated on top for the work of the general 
contractor and its site management team (90€). The work being fulfilled by the general 
contractor is: 

- general work preparation 
- organizing the subcontractor 
- ordering the steel 
- similar tasks and 
- reinforcing steel inspection 

By way of illustration, the author assumes, that for general preparation, organising and 
ordering, about 70% of the calculated effort are being used. It follows, that 27€ (30%) of 
the customers payment would remain for the reinforcing steel inspection. 

This is obviously just an assumed example, but in this way, personnel would get more 
motivated by tasks, which would actually add value for the customer and therefore 
result in higher profits for the company (and decrease the chances of disruption).  

It goes without saying that this would lead to a ground-breaking change in working 
habits. The influences on working habits of employees is not discussed here but should 
be under consideration in potential further research. Nevertheless, an incentive-based 
income system as described might have the following potentials: Besides the almost 

                                                      
139  those figures are assumed numbers by the author and solely used for giving an example; taxes and 

similar connected calculations are avoided for keeping it simple 
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purely cost-based (and therefore value-adding) working motivation and possible 
competitions within the project team, the advantages could be an intrinsic drive for 
efficiency, a change in importance of tasks as well as an easier integration of part-time-
employed personnel. With this approach, the author sees a possible way to shift 
industry-standards from a passive and reactive construction management to a 
controlled, proactive and customer-focused way of working.  

That approach matches with Christensen’s ideas in his book “Measuring What Matters”, 
where he claims, that what gets measured, gets done.140 The author follows, that the 
construction industry needs to measure, what customers are willing to pay for, and 
therefore (regarding customer group 1) measuring value-adding-tasks is an essential.  

Furthermore – as discussed earlier – efficiency is essential.  

 

3.5.2.2 Increase in Efficiency and Productivity  

As mentioned before, efficiency was increased by 17 minutes on average for each 
process of reinforcing steel inspection – which equals 46%-time savings to the traditional 
process.  

Even though this cannot be seen as a clear total saving in time for the project holistically, 
the increase in efficiency was clearly proven. Besides less time needed for the process, 
the stringency of the workflows forced the personnel to work more structured and 
therefore no steps could be forgotten, and the automation of data had the result, that 
no wrong data could be used or wrongly re-produced. For a process such as the 
reinforcing steel inspection, this aspect might not be mainly fundamental, but for other 
processes – especially legally necessary ones – this is an important gain.  

By having to think less about things to not forget or tasks to fulfil next, the process can 
be fulfilled better, and the personnel can feel more comfortable within their own 
performance. This has again the potential to lead to a more efficient way of working. 

Regarding productivity, further studies should be made based on these results. 
Combined with a new production bonus system (value-added-based), the author sees 
chances in increasing productivity on a large scale. Another chance to increase 
productivity is to avoid redundancy.  

                                                      
140  Clayton M. Christensen et al., Competing against luck: The story of innovation and customer choice 

(New York, NY: HarperBusiness an imprint of HarperCollins Publishers, 2016), Pos. 3184 out of 4288. 
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3.5.2.3 Avoidance of Redundant Communication 

A problem stated previously was the redundancy of communication. By using workflow-
based software as pictured before, this could be reduced in two ways: 

 less communication about decisions made previously (= data) 
 less communication about the progress of the process itself 
 
As the on-site experiment showed, both fields have the possibility to affect the daily 
work in a large scale. By easily (or in the best case automatically) getting the right data 
for the right task, discussions about the source of truth can be avoided fully. BIM and its 
user-friendly way of showing data and making gaining data on site easier is one step in 
this direction. Programming software in a way, that gets this data automatically to the 
meta-data-level of the task, where it is needed, could be a further progress.  

Redundant communication across hierarchy levels could also be avoided, by predefining 
the needed tasks to the so-called last-planner – the person, which is finally fulfilling the 
task. In the author’s definition, this can also be seen as the person, that is creating 
further data by fulfilling the task (e.g. in the given example of reinforcing steel 
inspection, an “approved” can be seen as newly generated data; sometimes also called 
a “status”, but basically a further parameter to the object/BIM-model). Furthermore, 
this information can be pushed directly to the person fulfilling the next task and so on. 
Redundant hierarchical conversations could be avoided in a large scale and redundancy 
of data could be avoided too – which leads to the next topic. 

 

3.5.2.4 Data Created – Avoidance of Redundancy of Data 

When looking at the on-site experiment, it can be seen that the created data was 
produced in a structured digital and therefore reusable form. In the conventional 
(manual) process, almost the same amount of data was produced (the software-based 
time tracking of the single tasks is an additional source of data). However, by a fully 
digitized process, every single generated data can be reused. In this experiment, the 
data input was a data-based interface, and the data outcome is a data base again. The 
more workflows are run by such a system, the bigger the synergies by reusing the 
created data get.  
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By automatic transportation of data and therefore automatic interfaces from one digital 
source to another, mistakes in this process (by conventionally manual work) can be 
avoided.141 

Possible ways of using the data created by the experiment is the former mentioned data 
base for accounting, but in a futures prospective generated data can be entered back 
into the BIM-model, the LCC-calculations, the facility management data base and so on. 
This approach could also help solving some of the current issues regarding unclear cost 
situations.  

 

3.5.2.5 Overall Unclear Cost Situation 

After taking a closer look into the problems regarding the emergence of costs, another 
aspect should be taken into consideration: the often-unclear cost situation. Two main 
aspects regarding this issue could be improved by a workflow-based-task-software: 

 more accurate target-/actual-comparison and bidirectional data exchange 
 parameter-based recalculation after interruptions 
 

As shown before, a system as described makes the tracking of target-/actual-
comparison easier and therefore more accurate. By bidirectionally exchanging this 
information systematically, the actual performance can be tracked. Even further, by 
giving cost parameters to tasks, this performance can be described in numbers – real-
time. Therefore, the construction progress report gets fed with real-time data and is not 
subject to personal opinions anymore.  

Furthermore, if there is an interruption in the process, the calculation of the costs for 
this interruption could be made by having a recalculation of the cost-related-schedule. 
Nevertheless, this might still be a vision, but the experiment showed, that by having a 
simple and user-friendly interface, tracking and getting structured data is not a vision 
anymore, it is something the construction sector is able to make happen.  

After relating the results of the experiments back to the initially defined problems 
regarding time, the results are now looked at out of the perspective of problems 
regarding time.  

 

                                                      
141  Gerald Goger and Wilhelm Reismann, Die Zukunft der Bauprozesse: Analyse und Vorschläge zu 

kurzfristigen Verbesserungen, 3rd ed. (Wien: TU-MV Media Verlag, 2017), p. 20. 
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 Results related to Present Problems – Time 

Another important part is time management and keeping schedule. A lot of the before 
mentioned aspects could be mentioned again. A short overview on the potential 
influence of a workflow-task-software-based work is given: 

 target-/actual-comparison could get more precise and accurate by easier use and 
more data (3.5.2.5) 

 recalculations after interruptions in the process could be made algorithmically and 
systematically (in the direction of a specific optimisation) (3.5.2.5) 

 general time savings by process optimization (3.5.2.2) 
 general time savings by easier to use tools 
 general time savings by automatization of re-usage of data (3.5.2.4) 
 general time savings by avoidance of redundancy in communication (3.5.2.3) 
 general time savings by push notifications (3.5.2.3) 
 

The last part of Dr. Barnes “magical triangle” is quality, which is the main topic of the 
next chapter. 

 

 Results related to Present Problems – Quality  

Besides the general chance of the advantage, that people need to work more structured, 
as well as the before-mentioned advantages in increasing the quality by reusing data 
and therefore avoiding mistakes, the following aspects of using such a software could 
benefit the quality: 

 

3.5.4.1 Possible Reduction of Faults and Defects by Algorithm and Experience Based 
Solution Suggestion 

As the first results showed, a workflow-based and, for this topic, more important 
software-based project management leads to a more structured work environment. The 
structure leads to fewer defects, because forgetting steps, using wrong input data or 
missing data fields is impossible through the automatic control done by the software. 

An approach to a systematically and general problem-/solution-analysis follows: 

 problem occurs (internal, external or other trigger – not important in a result-
based view) 

 problem is recognized by personnel (or software) 
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 possible solution number 1 is tested 
 if it works, problem is solved - if not, possible solution number 2 is tested 
 and so on - after possible solution number N, the problem is considered being 

solved 
 every participant in the process of solving knows, that solution number N was the 

right choice (the author is defining this as personnel’s „experience“) 
 

Possible solutions 1, 2, … up to N can be seen as one possible path of the workflow 
„solutions for problem x“.  

The number of possible solutions (or at least realistic and feasible solutions) is not an 
endless number and could therefore (at least theoretically) be predefined for every 
possible problem.  

In order to exemplify this theory, the former example of reinforcing steel works is 
examined again. It is assumed, that the subcontractor gets the task to carry out the 
reinforcement work in a specific area and stops the workflow.  

Possible reasons (to name just a few common ones) in the conventional process can be: 

 A. the final drawings by the structural engineer have not been released (and 
therefore the material has not been ordered) 

 B: there are problems in the supplying field (material is not on site yet) 
 C. the wrong or too little material was ordered. 
 D. the preparation work by another subcontractor is not done (or not done right) 

yet. 
 N. any other problem, which forces the subcontractor to stop 
 
With a software-based, workflow-oriented project management, the trigger for this 
interruption could be prevented as follows: 

 A. could not have happened, because the final release of a plan is a pre-step in the 
workflow of reinforcement work – without the plan, the task „carry out 
reinforcement“ could not have started 

 B. without the confirmation of delivery by the supplier, the following step „carry 
out reinforcement work“ could not have started 

 C. highly unlikely for this to occur in a totally digital and consistent process, but this 
option is still considered possible 

 D. without the finishing of the pre-task by other subcontractors (and therefore pre-
steps in the workflow), the task „carry out reinforcement“ could not have started 

 N. and so on 
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If the emphasis is now put to possible solutions (exemplified by problem „C“), an excerpt 
of possible solutions is presented as follows: 

 1. the material on site can be used for the beginning in this section, and while this 
ongoing process, the missing parts are reordered and supplied. 

 2. the material on site cannot be used at all for this section, but somewhere else. 
 3. the material on site cannot be used at all, and while reordering the right 

material, the contractor can work in another section. 
 N. many more 
 
Based on experience of the author, site managers will evaluate several options and then 
go with one of them. Less experienced site managers (or even experienced managers 
when it comes to more severe and less common problems) often need a lot of work and 
consultancy for initially finding the possible solutions and then evaluating them. Besides 
the time consumption, the risk of choosing not the optimum solution is immanent.  

Within larger construction companies, different attempts to learn from each other’s 
errors have been made – more or less successful. A common issue with knowledge 
management is the lack of content management, at least when the system has to be 
filled actively.142 

By implementing a workflow-based task-software, which tracks the errors as well as the 
former solutions and the respective success, has the potential for the following 
outcome: 

Based on former projects, the parameter „C - the wrong or too little material was 
ordered“ has the paths 1-3 with possibilities as a numerical value (as an example: option 
1 – works in 40% of cases; option 2 – in 30%; option 3 – in 30%).143 These possibilities 
can be recalculated in real-time based on every other project working with this approach 
(and a functional interface to a common data base).  

The workflow for the exemplified problem follows: 

 1. problem is recognised by personnel and the software is notified 
 2. software suggests best possible solution (based on the real-time results of 

solving attempts of other projects) – these solving attempts are saved in the 
workflow as an additional parameter 

 3. the user provides the feedback, if the solution solved the problem or not  
 4. if not, the software provides the next most likely possibility of solving 
                                                      
142  Alan Frost, “KM Systems,” 2010, https://www.knowledge-management-tools.net/knowledge-

management-systems.html, accessed December 2018. 
143  those numbers are just an example given by the author without any claim for accuracy 
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The described process is a very basic example but shows the possible potential of a 
workflow-based task-software as a project management tool and the basis of self-
learning algorithm in their most simple form in the construction process itself.  

Real-time adjustment of parameters is a common tool in the software industry (a 
generally known example is Google Maps: Google Maps is not calculating every possible 
way to get from A to B but is analysing the habits of other users and therefor generating 
a most likely successful path for the user based on the amount of using a solution by 
other users).144 

The more the field of construction drives in this direction, the more problems can be 
solved quicker and more successfully – because the algorithm and the parameters get 
better and better. Furthermore, if an error is repeated often, an algorithm can be used 
to send preventing notifications or tasks to personnel, to avoid the fault beforehand. In 
the given example, if the wrong material is delivered often, the algorithm can 
automatically (if programmed in this way) create a pre-task for the foreman to check 
the material early enough.  

An example for the idea behind such an algorithm: 

If the frequency of „error C“ in a project is bigger than 3, create a new task (addressed 
to foreman; x days before task „reinforcement work in section y“) „check amount and 
sort of material“. Make it a necessary task to fulfil, before „reinforcement work in 
section y“ starts. 

Of course, the solutions have to be put in the software once manually too – but either 
they are put centrally (as well as the processes), or they are put by the users manually 
when they occur and are then standardized. Text-mining and clustering can help 
automating this process. By further development of self-learning systems and the so-
called artificial intelligence, the author sees large potential for algorithm-based solution 
approaches and “experience-machines”.  

 

In the author’s view, the demonstrated potentials have shown, that most of the initially 
stated problems can be addresses, by an approach similar to the on-site experiment. 
Nevertheless, there is further potential in this approach.  

                                                      
144  Chris Snyder, “Here's how Google Maps knows when there is traffic,” 2017, 

http://uk.businessinsider.com/how-google-maps-knows-when-theres-traffic-2017-1?r=US&IR=T;, 
accessed April 2018. 
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 Further Potential  

3.5.5.1 Project Control and Organization 

To keep track accurately of the complex processes on sites is a common issue. The 
relations between single processes and workflows need a lot of experience and work 
from the project management team. By changing the strategy from a manual to a 
software-supported, workflow-based site management, these relations can be seen and 
tracked by software. If there are any changes in the process, additional to the ones 
mentioned above, the following advantages can be a result by implementing such a 
software: 

 keeping track of the general on goings on-site could be more detailed and easier 
 changes could be seen quicker and more transparent (project management 

dashboard) 
 transparency and almost endless tracking and restoring possibilities of changes 

could lead to a new argumentation method in claiming; discussions about spheres 
of responsibilities could be avoided and claims could be easier to prove for every 
involved party 

 
By constantly tracking the happening on-site, a lot of data is created, which can be used 
to create parameters. 

 

3.5.5.2 Parameters and their Potential 

As mentioned before, the main difference between conventional ways of working and 
workflow-based-task-software are the additionally created parameters (actively or 
passively). 

3.5.5.2.1 Active parameters 

Those are parameters added manually (while modelling the workflows in the software 
initially). E.g. distribution of roles, data source and outcome data base, and so on. Those 
are most likely unchangeable.  

3.5.5.2.2 Passive parameters 

Passive parameters are generated automatically by the system. For example, almost 
every workflow-software tracks the time consumption for each task. This offers the 
possibility to perform a target/actual-comparison for the values of parameters. In the 
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field of internal costs – as an example – the costing approach (in minutes) can be re-
evaluated by the sum of the used minutes for the single related tasks.  

 

3.5.5.2.3 Self-learning/adapting parameters 

As mentioned above, the parameter of defect-solutions is an example for a self-learning 
and self-adopting parameter. By generating and using the workflows more often, those 
parameters get more detailed, more evaluated and therefore more trustworthy. 

In the previously described way of working, a lot of new data is produced. In the sense 
of present big data analysis, the more structured and clear data comes into the system, 
the more useful output can be created.145 Therefore especially the definition of the 
passive and the self-learning/adapting parameters has an important impact on success.  

One of the authors visions is, to generate structured parameter data out of workflow-
based task-management. This data can then be used to improve accuracy in business 
processes. Furthermore, more detailed parameters regarding consumed time and 
therefore costs can be used for future organisations of sites (or is used automatically 
when connected with the process software) and calculation of projects. Connected with 
a detailed BIM-model, those real-time-adopting parameters can for example lead to an 
automatization of accurate cost calculation in construction.  

However, parameters and consistent tracking lead to transparency.  

 

3.5.5.3 Transparency and Employers Participation 

As mentioned in the section before, transparency throughout the whole process can not 
only lead to less discussions but can also affect easier (and therefore most likely quicker) 
decision making for the employer.  

As an illustration, the process of tiling is taken into closer consideration. The decision, 
which tiles the employers wants to be installed, is not needed at the start of shell 

construction. Still, it is needed early enough, to give the contractor the chance, to pre-
order the tiles in time. By adding the task „ordering tiles“ in the beginning of the 
workflow of installing (and with enough time gap), the employer gets the chance to 

                                                      
145  Helen Mayhew, Tamim Saleh, and Simon Williams, “Making data analytics work for you-instead of 

the other way around,” 2016, https://www.mckinsey.com/business-functions/digital-mckinsey/our-
insights/making-data-analytics-work-for-you-instead-of-the-other-way-around, accessed April 2018. 
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know, until when the final decision of the type of tiles he wants, has to be made. Even 
though the type can still be changed until they are installed (with higher costs), the 
discussion could be avoided, that the employer might doubt the fact, that tiles have 
been ordered weeks before the actual work takes place.  

The “ordering tiles”-task is just an example, where a better transparency in the process 
could help to fulfil the customers task with an easier and better customer service 
attached – without adding any tasks or work additionally on the employee’s side.  

Transparency is commonly demanded but does still – in the author’s view - need a 
change in thinking of most project participants in order to succeed. Transparency is 
almost always two-sided and does hardly distinguish between positive and less positive 
events. 

A workflow-based task-software as described and experimented with, has the potential 
to describe the daily on-goings transparent, especially when it includes parameters such 
as costs, estimated time, before- and after-tasks and so on.  

This leads to the question, if this might be negative or at least negatively interpreted by 
some construction participants. Therefore, more research should be done (also 
regarding long-time effects). 

 

Even without deciding, if the flaws overrule the potential, the initial research question 
was to reveal, if disruptive innovations might happen in construction. The author 
therefore researched innovative fields and their disruption potential. One of the two 
major focus of the results were innovations in the construction process, which were 
manifested in four main economically influential fields. In the following chapters the 
author analyses, if the on-site experiment could be one way to reach or target those 
four fields of potential disruptive innovations.  

 

 Results Regarding Fields of Innovation 

A study previously made by the author showed large (economic) potential in the 
following four fields of innovation in the construction process itself:  

 Robotics and Autonomous Vehicles 
 Process Automation/Knowledge Automation 
 Prefabrication and Module Construction 
 Real-Time Collaboration, Tracking and Apps 
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Combining the results and approaches of workflow-based task-software with those 
innovation fields, high potential can be seen as follows: 

 

3.5.6.1 Robotics and Autonomous Vehicles 

Robotics and autonomous vehicles need to be programmed and can therefore be 
automatically triggered as a process-output. They can be operated by several inputs and 
as a result of processes. The potential of knowledge automation has been discussed in 
the chapter 3.5.5.2.3. Prefabrication factories have already been using standardized 
workflows and software for fulfilling their work more efficient and automatic.146 The 
author claims and partly shows with the on-site experiment, that similar approaches (as 
applied in prefabrication factories) can work on-site too – especially when it comes to 
the interface between robotic/machine work with human work. Robots and 
autonomous vehicles already work process based. Therefore, the approach of the on-
site experiment triggers this disruptive field.  

 

3.5.6.2 Process Automation/Knowledge Automation 

Automation of knowledge and automation of processes was a result with a large 
potential economic influence too. There are many approaches on the market to gain the 
single human knowledge to a corporate knowledge data base – and one could be a self-
learning task software as described in 3.5.5.2.3.147 Regarding process automation in 
general, it goes without saying, that processes need to be digitally defined for being able 
to be automated. Therefore, the on-site experiment also aligns with this disruptive 
innovation field.  

 

3.5.6.3 Prefabrication and Module Construction 

Concerning prefabrication, the author mentioned before, that companies in this field 
tend to work more workflow-based then general construction companies. However, by 
switching to a workflow-based management, also general construction companies 
might tend to work more standardized and therefore more similar to prefabrication and 
module construction companies. The on-site experiment aligns with this disruptive 

                                                      
146  Joseph Neelamkavil, “Automation in the Prefab and Modular Construction Industry,” in 26th 

International Symposium on Automation and Robotics in Construction (ISARC 2009). 
147  Alan Frost, “KM Systems,” 2010, https://www.knowledge-management-tools.net/knowledge-

management-systems.html, accessed December 2018. 
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innovation field, because it changes traditional construction project management to a 
system, which is closer to the way, prefabrication systems work.  

 

3.5.6.4 Real-Time Collaboration, Tracking and Apps 

The last field of innovation with large potential economic impact in the construction 
process itself was real-time collaboration, tracking and the usage of apps. All of the 
mentioned fields work well with a workflow-based task-software and this could be one 
way to gain more potential in this sector. The experiment aligns perfectly with these 
disruptive innovations field.  

 

To sum this up, the rather detailed analysis of this approach is brought to a more general 
level in the following chapter.  

 

 Disruptive Potential  

Besides the proven advantages, disadvantages, risks and chances, the disruptive 
potential of this approach has already been partly discussed.  

By way of illustration, the author assumes that the surcharge for general contractors in 
the European market is about 10%. Due to the fact that the contractor’s only job is 
controlling (in contracts, where the general contractor is solely working with 
subcontractors), these 10% can be seen (in the author’s view) as an insurance for the 
employer for project success (time-, cost- and quality-related). The better and more 
experienced the project management team, the easier it is to meet all requirements. As 
discussed, a workflow-software-based project management could positively influence 
problems of all three main sections of construction projects. The customer is willing to 
pay for the guaranteed success. As shown, parts of this guaranteed success can be 
supported by the software. Therefor as a next step, customers might tend to question, 
why they should still pay 10% more for this service to a construction company, if it is 
mainly software-based-success. They might ask furthermore, what expertise they are 
paying for.  

As seen in other fields, customers are less and less willing to pay for services, which can 
be fulfilled (sometimes even better fulfilled) by software. If we take a closer look at the 
system of the company „Uber“, one of their many advantages was the pre-calculation 
of the best route based on a more or less simple navigation system (and therefore the 
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pre-calculation of the estimated time and costs).148 Conventional experience of drivers 
(in knowing the shortest way) are not needed and therefore not paid anymore (other 
success factors of „Uber“ are not discussed here). Another example is seen by the author 
when it comes to travel agencies: Whereas in earlier days the customer was willing to 
pay them for their specific knowledge, nowadays travel search machines and experience 
blogs as well as reviews took over their business almost completely. The same 
mechanisms can be observed in several other disrupted fields.  

Transferred to the field of construction, the workflow-based software could have the 
potential to take away the intention of a customer to pay for a redundant “insurance” 
as the general contractor’s project management fee, if a software can take care of it.  

It goes without saying, that this change would take some time, but in the author’s view 
with well-defined workflows and parameters, the need for general contractors gets less 
and less important. One scenario is, that general contractors could change from project 
management to emergency management, and mainly take care of non-workflow-based 
situations. However, based on this chapter, the author claims, that large parts of the 
work general contractors do today, could be put into a process network and therefore 
would have the potential to be changed from an emergency to a pro-active construction 
management – with real-time-adopting parameters, automatic recalculation when it 
comes to defects, preventive warnings and self-learning algorithms.  

The shown approach and experiment were a small-scale proof of a hypothesis with a 
large potential, and therefore future research needs to be done. 

 

 Future Research 

As mentioned before, the on-site experiment, which forms the basis of this chapter, 
covers just a small part of the visioned potential. More complex and integrated 
workflows are ongoingly tested by the author in cooperation with STRABAG SE on site. 
Nevertheless, the experiment showed, that the fundamental idea has large potential, 
even though it could not be tested on a large-scale level.  

Secondly, the experiment was bedded in a thriving surrounding: a site, with a GMP-
contract with pain-/gain-sharing, a very open-minded general management and a 
generally good IT- infrastructure (hardware and software). These specific surroundings 
are not a general picture of the field of construction, but in the authors view and based 

                                                      
148  Jungle Works, “Uber Business Model Canvas: Know what led to Uber´s success,” 2015, 

https://jungleworks.co/uber-business-model-canvas-what-led-to-uber-success/, accessed December 
2018. 
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on general developments in the daily market (not just the construction field), more and 
more sights will have similar environments soon.  

Additionally, the author wants to mention, that this experiment did not prove an overall 
possible time saving of 46%. The measured savings can just be seen as time savings for 
the process of reinforcing steel inspection. Within the field of calculating time savings 
into costs, the costs for creating an environment, where experiments like this are 
possible to succeed, have to be taken into consideration (costs for hardware, software, 
programming, teaching people, general change of mindset, attempts by management 
and so on).  

Furthermore, it is still unproven, how much work the programming of the processes of 
large parts of the daily construction business on such a detailed meta-data-level takes. 
It is untested too, if a workflow-engine is able to process it on such a large level 
nowadays.  

Regarding the potential, many constraints and outside parameters may vary and change 
results and possible advantages. Especially human aspects were not taken into 
consideration in this chapter. While the experiment showed measurable results 
regarding time and costs, no tests were made regarding psychological or motivational 
results of such a change of work.  

The author is in the progress of testing this experiment on a bigger and more integrated 
scale and further tests (especially regarding softer and more long-term effects) will be 
done by the author but should also be done by other researchers and in other 
circumstances.  

This leads to further recommendations. 
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3.6 Conclusion and Recommendation 

 Summary  

Based on the study done previously, where the author combined results from present 
innovation studies and reports in construction with the theories regarding disruptive 
innovations, the fields with the largest economical potential (robotics and autonomous 
vehicles, process automation/knowledge automation, prefabrication and module 
construction, real-time collaboration, tracking and apps) in the construction process 
itself were taken into consideration and analysed. Additionally, common problems in 
construction were described (regarding time, costs and quality). Based on that, the 
author claimed the hypothesis, that one possible solution based on the fields of 
innovation and the analysed problems is changing from standard project management 
to a software-managed, workflow based and therefore task-lead, digital project 
management system, where all participants’ work is mainly based on pre-structured and 
pre-defined tasks, given by a software, calculated on a network of connected workflows, 
with predefined processes and parameters defining them. In order to prove this, a small 
version of this approach was taken on-site and tested with the process of reinforcing 
steel inspection. 149 The results from this were large potentials in: 

 time saving (mainly by increasing efficiency and avoidance of redundancy in 
communication as well as in data reproduction) 

 cost reduction (time savings, more transparency) 
 quality (by introducing a possibility, how sites can use software to feed self-

learning, experience-collecting algorithms passively and therefor avoiding faults 
and finding better solutions faster) 

 customer-relation (improving transparency in the construction process itself, 
better target-/actual-overview, better and more strategic production of project 
data) 

 
Referring these results to Christensen’s theory of disruptive innovations, the author 
questioned the futures business model of a general contractor in construction, because 
the general contractor fee can be seen mainly as an “insurance” for fulfilling the 
customers task in the contracted time, costs and quality – which a lot of manual work is 
nowadays combined with single-employees’ experience. With the introduction of 
workflow-based project-management (as seen in other fields), this work gets less 
manual (therefor less time intense) and needs less experienced employees. 
Furthermore, it can be followed, that the over-all quality and performance of a general 
contractor shifts from the experience of its employees to the quality of its predefined 

                                                      
149  hypothesis from 3.2.5 
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processes and the ability of its software. Which are two fields, where large software 
companies might have more potential in, then common construction companies.  

Regarding the Job-To-Be-Done-theory (=JTBD), the customer is interested in the most 
efficient and most transparent way of reaching his JTBD, and therefor might be tempted 
to accept construction sites handled by software companies and not construction 
companies. As mentioned before, in the author’s view, there will still be situations, 
where the expertise of construction companies is needed, but these situations can also 
be seen as special consulting operations and not as general construction project 
management.  

As a conclusion the author claims, that the better artificial intelligence and process-
software gets in general and the more standardised, integrated and structured 
construction processes become, the less important organisational jobs in construction 
become. This raises the question, how such an approach might affect the industry or 
how traditional companies can use these results. 

 

 Possible Chances and General Outlook 

The short-term chances have been shown before – increase of efficiency, less defaults 
and more likely right ways of solving problems, and way more. The previous chapter 
showed, that the present business model of general contractors might – if the trend 
analysis was right – not be the most successful one anymore. Still, digitalization and 
disruption cannot be avoided (for more information see 2.6). However, by knowing early 
enough, how markets and customers might change, an adoption of one’s business 
model can be even more successful. In the author’s view, the potential of workflow-
software in construction is not fully exploited yet. If construction companies themselves 
work more and more in this direction (digitalization and workflow-based management) 
and cooperate with software companies, the short-term potential is large – as seen in 
the experiment as well as in the studies shown: 32% of total construction costs are not 
value-adding to the product. In a long-term perspective, the expertise of construction 
companies might shift back to the traditional expertise: 

- labour work/craft 
- special forces 

Besides the fact, that some craft work can already be done by robots, the author has 
found no proof yet, if the human crafts men can be fully replaced on site. 

As described above, many of the processes can be described as workflows and can be 
generated by integrated interfaces and other triggers (as machines, robots, and so on). 
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Still, if there are special emergencies or unusual construction tasks, “special forces” 
might still be needed.  

Finally, this shift in management creates a lot of new sectors and jobs in construction: 
process designers, process managers, software engineers, big data analysts and many 
more are needed to produce software, code and support interfaces, digitalize, analyze 
and optimize processes and create smart algorithms on top of them.  

In the initial study the author showed two major fields of potential of disruption – 
innovation in the construction process itself and innovation in the field of data. After 
discussing the potential in the construction process and constantly referring to 
innovation in data, the last chapter will come full circle and discuss data in construction. 
The ongoing merge of traditional craft and modern technology can be seen in more and 
more fields and is – in the author’s view – an incredible chance for the construction 
sector. 

 

“The first rule of any technology used in a business is that automation applied to an 
efficient operation will magnify the efficiency. The second is that automation applied to 
an inefficient operation will magnify the inefficiency.” – Bill Gates150  

  

                                                      
150  Swamper, “50 Quotes from the Wealthiest Man in America,” 

http://www.investinganswers.com/education/famous-investors/50-quotes-wealthiest-man-america-
3088, accessed December 2018. 
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4 Disruptive Innovations based on Data in Construction 

Present theories and state of the art in the field of data and IT infrastructure in 
construction (companies).  

 

4.1 Introduction 

In a previous study (see 2.3.3.1) the author analyzed innovation fields and their 
disruptive potential. By this process it got transparent, that besides a general disruptive 
potential in the field, two sectors had a significantly high economic potential – which 
itself makes disruption more likely to have a large impact. One sector is the construction 
process itself (the last chapter dealt with this field) and the second sector is the field of 
data in construction, with which this chapter deals.  

 

 Motivation 

The author’s main motivation is to look into the details of the disruptive potential in the 
field of data in construction, but furthermore analyze, how traditional companies can 
address these possible disruptions and potentially react accordingly.  

 

 Research Method and Point of Discussion 

After analyzing the previously identified fields generally, the author dives deeper into IT 
infrastructure in construction projects and companies, analyses data traffic throughout 
different stakeholders and produces case studies within an existing company and 
project in order to show, how data is transmitted and were its stored. Those results are 
interpreted and discussed.  

 

 Outline 

By analyzing disruptive innovations as an economic theory, the author conducted a 
study about present innovation fields in construction, followed by an analyzes of 
applicable disruption theories to this specific industrial sector and overlapped them (see 
2. Potential Fields of Disruptive Innovations in Construction ). This showed two mature 
potentials/disruption fields: innovations in the construction process itself and a large 
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gap between implementation level and economic potential in the field of data in 
construction.  

The author claims the hypothesis, that this gap is caused by the problems the industry 
is still facing e.g. the absence of ways to generate structured and therefore useful data 
and storage of data in silos.  

In this case study, the author analysis typical data flows within the IT-infrastructure of 
construction companies (in this case a large-scale general contractor), as well as 
common data flows and their form of transmission (manual versus automatic).  

Combining these results with the theories of disruption by Prof. Christensen, the author 
suggests futures options for an IT-infrastructure with the potential to serve the demands 
of the innovation fields easier and better in order to avoid being disrupted by outside 
companies or new players.  
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4.2 Point of Discussion – Disruptive Innovations in Construction 
based on Data  

 General Discussion and Gap Analysis 

There is hardly any literature about the specific disruptive potential of data in 
construction. Nevertheless, several recent papers and studies are dealing with data in 
construction in general and they show, that a lot of data is lost within nowadays 
construction projects: 

151 

However, loss of data between construction phases is not the only issue in construction 
regarding data. Furthermore, researchers talk about an urgent need for general norming 
and standardization regarding data. 152 A common opinion in the present discussion is, 
that this norming and standardization should be implemented field-wide and not just 
within a company. 153 A recent study showed, that 37% of the participants agreed on the 

                                                      
151  Gerald Goger and Wilhelm Reismann, Visionen auf längere Sicht, 2nd ed. (Wien: TU-MV Media 

Verlag, 2017), p. 8. 
152  Gerald Goger and Wilhelm Reismann, Die Zukunft der Bauprozesse: Analyse und Vorschläge zu 

kurzfristigen Verbesserungen, 3rd ed. (Wien: TU-MV Media Verlag, 2017), p. 17. 
153  Betriebswirtschaftliches Institut der Bauindustrie, Ökonomie des Baumarktes: Grundlagen und 

Handlungsoptionen: Zwischen Leistungsversprecher und Produktanbieter (Wiesbaden, s.l.: Springer 
Fachmedien Wiesbaden, 2013), Pos. 4834 out of 6488, http://dx.doi.org/10.1007/978-3-658-01942-
6. 

Figure 26 - simplified figure of loss of data by Harald Christalon 



Dissertation  4.2 Point of Discussion – Disruptive Innovations in 
Construction based on Data 

 
Dipl.-Ing. Dipl.-Ing. Sarah Buchner  118 

fact, that the construction industry could get more efficient if it would adopt new 
technology quickly and field-wide. 154155 Many authors are certain, that “the future 
construction site will be pervasive, context aware and embedded with intelligence”. 156 

Based on all of these present discussions, and the fact, that there is hardly any research 
about disruptive innovations in the field of data in construction, the author takes a closer 
look into innovation regarding data followed by their potential of disruption, in order to 
create the basis for a presumptive improved system.  

In a study, made by the author previously, several present studies about fields of 
innovation in the construction sector were clustered and assessed regarding their 
economic potential and level of implementation (see 2.3.3.1). The results follow (here 
with a focus on data-related topics): 157 

  

                                                      
154  Inc. Autodesk, “Die Digitalisierung der Bauindustrie,” p. 17, 

https://www.autodesk.de/campaigns/the-power-of-digital-for-construction, accessed May 2018. 
155  Sarah F. Gale, “Rethinking productivity across the construction industry,” 

http://perspectives.eiu.com/strategy-leadership/rethinking-productivity-across-construction-
industry, accessed May 2018. 

156  Ruwini Edirisinghe, “Digital skin of the construction site,” Engineering, Construction and Architectural 
Management 14, no. 13 (2018). 

157  biggest economic influence is defined by the author as fields, which have a result of potential of 
economic influence of more than 60% and an implementation level of under 50% 
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Figure 27 - disruptive potential of innovation fields regarding data 
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The pyramid figure shows, that based on the research done earlier by the author, most 
of the data-based innovation fields are positioned in the zone between sustaining 
innovation and low-end disruption. Regarding Prof. Christensen’s theory, this 
implicates, that the data-based innovations mainly improve the product (in the view of 
customer group 1 therefore more cost efficient) or on the other hand have the potential 
to make the product “good-enough” (ergo: low-end disruption). The field “cloud + 
platforms” were not sufficiently placed in the disruptive scope by the experts, who made 
the expert’s survey. This might be explained by the reason, that clouds can be seen as a 
supportive technology (see 0) rather than a pure new business model. Nevertheless, it 
is important to investigate this field too.  

As the study showed, in sector 5 (innovation fields, which cannot be attached to a 
specific project phase), the following four fields had an economic potential of more than 
50% (with 100% characterizing a maximum of potential in comparison to other fields):  

 BIM and single source of (data) truth 
 big data analytics and data-based prevention 
 IoT and sensor technology 
 cloud and platforms 
 
Additionally, this sector has the highest overall potential in this study – with a generally 
little implementation level (all under 50%). 158 Following, a short explanation and 
introduction to each field is given (without too much detail, because it would overstress 
the chapter and can be found in present literature) and their potential is looked at out 
of a disruption perspective:  

 

4.2.1.1 BIM and single source of (data) truth 

BIM (abbr. for Building Information Modeling/Management) is defined by one of the 
largest software companies regarding this topic as “an intelligent 3D model-based 
process that gives architecture, engineering, and construction (AEC) professionals 
the insight and tools to more efficiently plan, design, construct, and manage 
buildings and infrastructure.”159 

The author follows, that BIM is a new form of working, where decisions and processes 
are mainly based on a 3D-visualitzation of a construction project’s processes in every 

                                                      
158  for more detailed information regarding these numbers see (2.3.3) 
159  Autodesk Inc., “What is BIM?,” https://www.autodesk.com/solutions/bim, accessed May 2018. 
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stage – based on parameters, which are additionally attached to the general parameters 
of 3D-objects. Whereas a standard 3D-object could just be made out of length, width 
and height, a BIM-model has been given additional parameters such as material, 
physical parameters (weight, density, etc.), costs, time for production, special data and 
theoretically an almost endless amount of other information.  

“Single source of (data) truth” is seen in this study as the evolving new way of working 
with information and decisions. Every decision in a project can be seen as new 
information and in digital terms as new data. If all this data is stored in one place and is 
accessed there if needed, this storage place is called single source of (data) truth. 
Regarding BIM, this source could be the 3D-model, as well as a general database. 

Several papers and studies show, that BIM has the potential, to improve quality in 
planning, accuracy in cost-, schedule- and procurement-management and more 
effective quality control.160 In the best case, it’s based on a single source of (data) truth 
and brought to all project participants. Therefore, out of a disruptive point of view, this 
innovation field has the potential to be a sustaining innovation (because it might make 
the product cheaper) as well as making the product on-point “cheap enough” – based 
on the better and earlier knowledge of planning details and more transparency in the 
progress.  

 

4.2.1.2 Big Data Analytics and Data-Based Prevention 

One of the top digital dictionaries Technopedia defines Big Data Analytics as a strategy, 
which analysis large amounts of data in various forms. The data itself is most likely 
created by several different systems and is then analyzed on a big scale to uncover 
patterns and connections, which might wouldn’t have been discovered otherwise. Based 
on these findings, companies might gain important knowledge about their customers’ 
habits, market movements and similar business decision relevant information.161 
Furthermore, these findings can be used to anticipate chances or risks earlier than with 
common tools/manual data analysis and gives one the chance to react earlier to 
interruptions or unpredicted happenings. These reactions and downsizing of time gaps 
is defined as “data-based prevention”.  

Big data analytics have the potential to show patterns or connections more efficient 
than manual analysis. Based on those patterns, analytics get more detailed and decisions 

                                                      
160  Branz, “Productivity Benefits of BIM,” http://www.mbie.govt.nz/about/whats-

happening/news/document-image-library/nz-bim-productivity-benefits.pdf, accessed May 2018. 
161  Techopedia Inc., “Big Data Analytics,” https://www.techopedia.com/definition/28659/big-data-

analytics, accessed May 2018. 
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could be made more precisely. These chances can again be used to make the product 
better – in the sense of customer group 1 cheaper (ergo: sustaining innovation).162 If the 
aim is to make the product “good-enough” and therefore be a low-end disruption, big 
data analysis can analyze market movements and customers habits and find the break-
even point between minimum market requirements and minimum spending. That is one 
explanation, why the expert survey put this field in the low-end disruption sector.  

 

4.2.1.3 IoT and Sensor Technology 

IoT is the abbreviation of “Internet of Things” – commonly defined as a system based on 
two main principles: “Things” (in this field defined as any kind of device) are connected 
to the internet (presently via Wi-Fi) and embedded with additional software, sensors 
and other parts to start, end and fulfill processes.163 Therefore they collect and transmit 
(more or less structured data). Secondly, they are able to perform Machine-to-Machine 
communication by the inbuilt processes.164 An example seen in present stores is an 
automated connection between one’s phone alarm and the “turn on”-button of the 
coffee machine. The second part of this innovation cluster - “sensor technology” - is 
closely connected and can be defined as the system, where sensors are attached to 
several “things” (e.g. construction machines, people, cars, etc.) and produce data, which 
is transmitted and stored more or less automatically. This whole sector is a big chance 
to deliver data structured and therefor support big data analysis as mentioned before.  

Internet of Things and general sensor technology has the potential to automate 
processes within a machine to machine communication level.165 Therefore, out of a 
disruption viewpoint (and therefore a customer’s one), these innovation fields can make 
a product more cost-efficient (sustaining). Furthermore, it gives the construction 
industry the potential to act more accurately (and therefore it has potential in the low-
end of the market too).  

 

                                                      
162  Techopedia Inc., “Big Data Analytics,” https://www.techopedia.com/definition/28659/big-data-

analytics, accessed May 2018. 
163  Jacob Morgan, “A Simple Explanation Of 'The Internet Of Things',” 2014, 

https://www.forbes.com/sites/jacobmorgan/2014/05/13/simple-explanation-internet-things-that-
anyone-can-understand/#488e54211d09, accessed May 2018. 

164  Margaret Rouse, “Internet der Dinge (Internet of Things, IoT),” 2014, 
https://www.searchnetworking.de/definition/Internet-der-Dinge-Internet-of-Things-IoT, accessed 
May 2018. 

165  The Electrochemical Society, “World of Sensors,” https://www.electrochem.org/world-of-sensors, 
accessed May 2018. 
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4.2.1.4 Cloud and Platforms 

There are several definitions referring to cloud and cloud computing. Simply put, cloud 
in this chapter is seen as a “datacenter full of servers, that is connected to the 
internet”.166 Platforms can be seen as “hardware and/or software architecture that 
serves as a foundation or base”.167 In the construction sector (and in this chapter), the 
word “platform” is mainly used for project management software, which is online (and 
most likely cloud based) and provides an interface between human interaction and the 
background stored data and software services.  

Cloud technology as well as platform software systems, cannot really be categorized in 
one of the three disruptive innovation fields, even though the economic potential of this 
innovation in general is large (based on the study made initially 2.3.3) Nevertheless, by 
using cloud-based systems, the general advantages of clouds and platforms can make 
construction projects more efficient (and might therefor in the author’s view have a 
supportive disruptive potential).  

 

4.2.1.5 Further Definition – Data Silo 

Another definition needs to be made: data silos. It is a repository of data, which is stored 
or produced in one place (or department, software, tool, etc.) and not automatically 
given or connected to other places (or departments, software, tools, etc.).168 The reason 
for their development can be organizational (internal and external) or just tool-based.  

 

Besides all the shown potential (disruptive potential as well as innovational potential) in 
several data-based fields, the construction industry shows a large lack of 
implementation in those technologies. All four of the analyzed fields have an 
implementation level range between 40% and 50% in the study (in this study the 
implementation level describes a combination of general development, state of the art 
and actual dissemination in the market). This gap between known economic potential 
and lack of implementation is analyzed in the following chapter.  

                                                      
166  Ziff Davos, “Definition of: cloud,” https://www.pcmag.com/encyclopedia/term/39847/cloud, 

accessed May 2018. 
167  Ziff Davos, “Definition of: platform,” https://www.pcmag.com/encyclopedia/term/49362/platform, 

accessed May 2018. 
168  Margaret Rouse, “data silo,” 2015, https://searchcloudapplications.techtarget.com/definition/data-

silo, accessed May 2018. 
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 Hypothesis 

The author concludes, that in order to be aware and work in the direction of disruption 
regarding data in construction, there is a need to look into the gap between predicted 
economic potential and general present implementation level. Whilst the large 
economic potential has been shown in several studies, the construction sector is way 
behind general development in other fields regarding these topics.169 The key factor to 
success of all four analyzed fields is structured, accessible data. Therefore, the author 
claims the hypothesis, that the gap can partly be explained by the following reasons: 

- data is not generated (structured) enough in general in construction 
- data is stored in data silos without (well) working interfaces 170 

A gap, as showed before, can be a nutrient medium for disruption for the whole sector. 
As a consequence, the author digs deeper into the hypothetical reasons for this gap, in 
order to find possibilities to minimize it.  

 

 Research Question – Case Study of IT Infrastructure and Data-Flows in 
a large-scale Construction Company 

Before drawing any conclusion on this gap, the author analyzes the following research 
questions: “How is data generated in construction projects nowadays? By which systems 
is data generated and transported to which other systems in order to reach the “last-
planner”? Where is it stored, where is it reused and how can this process be made more 
disruption-save (ergo more efficient and therefore automatic)?” 

These research questions are exemplified on several case studies made within projects 
in practice by a large-scale construction project.171 The results are presented in the 
following chapter.  

 

                                                      
169  McKinsey & Company, “Digital America Full Report,” 2015. 
170  David Rogers, The Digital Transformation Playbook: Rethink Your Business for the Digital Age (New 

York, NY: Columbia University Press, 2016), Pos. 1807 out of 6420, 
http://gbv.eblib.com/patron/FullRecord.aspx?p=4398619. 

171  “large scale construction company” is defined by the author with a revenue in turn-over of more 
than 2 billion € a year and more than 10.000 employees 
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4.3 Research Method – Analysis of IT infrastructure and Data in 
Construction 

The case study was made based on a large-scale construction company and in the 
surrounding of building construction projects with the construction company 
performing as a general contractor. All examples are real practice and on-site examples 
and should provide general examples in similar surroundings.  

In order to answer the research question regarding how data is generated (and 
structured) and how it is stored, the author separated the case study in two parts: first, 
the general IT infrastructure of such a company/surrounding is analyzed, in order to 
answer the first question (how is data generated and in which way/by which software 
systems) and then the second part follows regarding the question, how data is 
transmitted from one system to the other (and therefore the interfaces are analyzed).  

 

 Case Study Part 1 – Example of the present IT-Infrastructure of a Large-
Scale General Contractor 

In the first part, the author analyzed the general IT-infrastructure of the company. All 
specific product names were generalized and anonymized. All the used products were 
set in a connection with the construction process phases.  
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Figure 28 - IT infrastructure construction company 



Dissertation  4.3 Research Method – Analysis of IT 
infrastructure and Data in Construction 

 
Dipl.-Ing. Dipl.-Ing. Sarah Buchner  127 

 

As can be seen in the symbology, all black rectangles are single software products (either 
self-programmed or externally bought or licensed), whilst the red ones are paper- or 
manual-based processes. Programmed interfaces are black rectangles, too.  

The sphere in the middle describes the section, of external communication or data-use 
and data-transmittal. External in this graph is defined as the customer’s sphere as well 
as subcontractors, authorities and other – non general-contractor based – stakeholders 
(everything out of the perspective of a general contractor).  

In some fields (e.g. fault management software or photo storage software) more than 
one product is used within the company – regarding to various customer’s demands or 
non-standardized product use within the corporation. The kind of visualisation “product 
1” and “product X” is defined as an undefined number of diverse products in the specific 
sector.  

 

4.3.1.1 Results of Case Study 1 

By recording all the products and software-based services on one sheet, the large 
number of tools and therefore data storages/silos get transparent. Furthermore, it can 
be seen, that 3 main parts of a construction project (bidding, billing and communication) 
are still either paper- or email-based (and therefore hardly workflow-based).  

As mentioned before, the first part of this case study should give an overview on the 
complexity. However, further analysis follows after case study 2. Case Study Part 2 
regards the transmittal of data between the just showed several different software 
systems. 

 

 Case Study Part 2 – Data Paths within Project Phases and Participants 

The following case studies analyze single data flows of common construction processes. 
It shows, by case studies as described before, where data is generated (ergo: where 
decisions are made initially). Furthermore, it highlights all software tools, where this 
specific data is needed/used. It shows, where the software tool gets the data from and 
if it is obtained by a digital, automatic transmittal process (light grey paths), or if the 
data has to be reproduced manually (dark grey paths). All the case studies are examples 
based on the software landscape of a large-scale general contractor and on a general 
contractor’s project management system of a real project. Possibilities by BIM are not 
taken into closer consideration, as they are not standard yet.  
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The following eight case studies are all based on general examples out of on-site-cases. 
All the case studies were made in cooperation with experienced personnel. Needless to 
say, those examples are case studies and can never mirror overall reality in 100% detail. 
Nevertheless, in a common approach, the final results can be interpreted and used for 
further analysis. The overall approach of each case is explained: 

Arrows:  

The arrows symbolize data paths and their form of data transmittal. Dark grey arrows 
indicate, that data is transmitted somehow manually (or non-workflow based, e.g. via 
email, excel files, lists, etc.). Light grey arrows show, that the interface transmits data 
non-manually (more or less automatic).  

Highlighted Software/Systems:  

The initial software/system, therefore the system were decisions are made and data is 
initially created, is in italic (“system, where data is generated”). Every other 
program/system, where this specific data is re-used/re-needed, is highlighted in grey 
(number of (software-)systems, where data is (re-)used/stored).  

Further results in the spreadsheet: 

The “number of manual data-transmittals” is counted as the number of dark grey 
arrows, and therefore the number of data transmittals, which are not automatically 
fulfilled. The “number of semi-automatic data-transmittals, if BIM is sufficient” is 
defined as the number of semi-automatic data-transmittals, in a BIM project. 172 The 
“number of automatic data-transmittals/interface” is defined as the overall number of 
light grey arrows, and therefore data transmittals, which are automatic (and therefore 
between software systems/systems, which have some sort of working interface).  

Automation Rate (automatic/manual transmittal): 

The final result in each spreadsheet, the “automation rate” is defined by the author as 
the ratio between automatic (light grey) and manual (dark grey) data transmittals. This 
rate is the most interesting part of this case study, because it shows, how flexible and 
efficient the construction sector (or at least the exemplified company) can work with its 
data. Further analysis on these automation ratio results follow. 

  

                                                      
172  BIM in general has not been a focus of these case studies, because there is too little standardization 

and therefore comparability by now within finished BIM projects. Future research should follow the 
BIM approach within similar case studies. 
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4.3.2.1 Example 1 – Reinforcing Steel Works (purchase to pay) 

Description of the data flow process: 

The analyzed data flow regards the once by the engineer specified amount of reinforcing 
steel needed for one specific object and all the systems where this specific amount is re-
used (highlighted boxes).  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Table 9 - results regarding amount of steel for one specific object 
 

  

Description  Result 

system, where data is generated  calculation/planning tool of the 
engineer 

number of (software-)systems, 
where data is (re-)used/stored 

 8 

number of manual data-transmittals  11 

number of semi-automatic data-
transmittals, if BIM is sufficient 

 1 

number of automatic data-
transmittals/interface 

 2 

automation rate (automatic/manual 
transmittal) 

 18% 
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Figure 29 - data flow regarding amount of steel for one specific object  
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4.3.2.2 Example 2 – Types of Tiles (sampling) 

Description of the data flow process: 

The analyzed data flow regards the type of tiles, picked by the employer, and where this 
information is re-needed.  

 

 

Table 10 - results regarding types of tiles 
 

 

 

 

 

  

Description  Result 

system, where data is generated  employer’s documentation system 

number of (software-)systems, 
where data is (re-)used/stored 

 7 

number of manual data-transmittals  10 

number of semi-automatic data-
transmittals, if BIM is sufficient 

 1 

number of automatic data-
transmittals/interface 

 0 

automation rate (automatic/manual 
transmittal) 

 0 % 
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Figure 30 – data flow regarding types of tiles  
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4.3.2.3 Example 3 – Proof of Productivity Loss (claiming) 

Description of the data flow process: 

The analyzed data flow regards the calculated productivity and the proof for loss in order 
to claim.  

 

 

Table 11 - results regarding proof of productivity 
 

 

 

 

 

 

  

Description  Result 

system, where data is generated  scheduling software 

number of (software-)systems, 
where data is (re-)used/stored 

 5 

number of manual data-
transmittals 

 12 

number of semi-automatic data-
transmittals, if BIM is sufficient 

 0 

number of automatic data-
transmittals/interface 

 1 

automation rate 
(automatic/manual transmittal) 

 8 % 
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Figure 31 - data flow regarding proof of productivity  
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4.3.2.4 Example 4 – Personnel Onboarding (HR) 

Description of the data flow process: 

The analyzed data flow regards entering the name and email address of a new employee 
within the process of onboarding into all relevant databases.  

 

Table 12 - results regarding personnel onboarding 
 

 

 

 

 

 

 

  

Description  Result 

system, where data is generated  HR platform 

number of (software-)systems, where 
data is (re-)used/stored 

 12 

number of manual data-transmittals  11 

number of semi-automatic data-
transmittals, if BIM is sufficient 

 0 

number of automatic data-
transmittals/interface 

 2 

automation rate (automatic/manual 
transmittal) 

 18 % 
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Figure 32 - data flow regarding name and email address (personnel onboarding) 
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4.3.2.5 Example 5 – Organizing internal On-Site Machines (internal disposition) 

Description of the data flow process: 

The analyzed data flow regards the decision, which type of internal on-site machine is 
going to be used and where this information is needed again (e.g. the capacity of a 
crane). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 13 - results regarding organizing on-site machines 
 

  

Description  Result 

system, where data is generated  CAD/BIM tool (in the process of 
work preparation) 

number of (software-)systems, 
where data is (re-)used/stored 

 9 

number of manual data-
transmittals 

 12 

number of semi-automatic data-
transmittals, if BIM is sufficient 

 1 

number of automatic data-
transmittals/interface 

 1 

automation rate 
(automatic/manual transmittal) 

 8 % 
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Figure 33 - data flow regarding on-site machine  
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4.3.2.6 Example 6 – Planning and Disposition of internal Personnel (personnel 
administration) 

Description of the data flow process: 

The analyzed data flow regards the working hours fulfilled by one single employee. It 
starts with the planning, disposition and finally the internal and external billing.  

 

 

Table 14 - results regarding disposition of internal personnel 
 

 

 

 

 

 

  

Description  Result 

system, where data is generated  scheduling software 

number of (software-)systems, 
where data is (re-)used/stored 

 6 

number of manual data-
transmittals 

 5 

number of semi-automatic data-
transmittals, if BIM is sufficient 

 0 

number of automatic data-
transmittals/interface 

 1 

automation rate 
(automatic/manual transmittal) 

 20 % 
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Figure 34 - data flow regarding one employee's hours  
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4.3.2.7 Example 7 – Subcontractor’s Contact Data and Email Address (contact data 
administration) 

Description of the data flow process: 

The analyzed data flow regards entering the subcontractor’s contract data into all the 
software systems, where this information is needed. In this case it is about a 
subcontractor’s project manager’s email address.  

 

 

Table 15 - results regarding subcontractor's contact data 
 

 

 

 

  

Description  Result 

system, where data is generated  procurement portal/bidding 

number of (software-)systems, 
where data is (re-)used/stored 

 12 

number of manual data-transmittals  14 

number of semi-automatic data-
transmittals, if BIM is sufficient 

 0 

number of automatic data-
transmittals/interface 

 1 

automation rate (automatic/manual 
transmittal) 

 7 % 
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Figure 35 - data flow regarding a subcontractor's contact data  



Dissertation  4.3 Research Method – Analysis of IT 
infrastructure and Data in Construction 

 
Dipl.-Ing. Dipl.-Ing. Sarah Buchner  143 

 

4.3.2.8 Example 8 – Amount of Air Circulation (building services and FM) 

Description of the data flow process: 

The analyzed data flow regards the once calculated necessary amount of air circulation 
for a part of an object/building.  

 

 

Table 16 - results regarding amount of air circulation 
 

 

 

 

 

 

  

Description  Result 

system, where data is generated  facility management engineer’s 
calculation tool 

number of (software-)systems, 
where data is (re-)used/stored 

 8 

number of manual data-
transmittals 

 9 

number of semi-automatic data-
transmittals, if BIM is sufficient 

 2 

number of automatic data-
transmittals/interface 

 1 

automation rate 
(automatic/manual transmittal) 

 11 % 
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Figure 36 - data flow regarding amount of air circulation  
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4.4 Results 

 Results regarding Case Study Part 1 

The first part of the case study showed, how many different software systems and 
systems in general are used throughout a large-scale construction company (acting as a 
general contractor in building construction).  

The graph shows, that the examined company uses software/tools in over 40 different 
sectors. In several of those sectors, more than one product is used (this fact is caused 
by employer’s needs, contractual requirements or other reasons).  

After this analysis, one question arose: If there are so many different systems, how many 
of them have interfaces, that can transmit data automatically.  

This question doesn’t necessarily mean, that every tool needs an interface with every 
other tool possible. For example, there is no need for an automatic interface between 
an on-site photo storage tool and the general accounting software.  

After that, several case studies about data flows were made in order to show, if and 
where automatic interfaces are existing/needed.  

 

 Results regarding Case Study Part 2 

The second part of the case studies answered the question exemplified, where data is 
created (ergo where decisions are made), and in which other systems this specific data 
is re-used/re-needed. The author looked into eight different cases, out of different parts 
of a construction process. These eight case studies are the basis for a general analysis. 

The following sheet gives an overview of the analyzed case studies.  
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Table 17 - results all case studies combined and 
averaged 
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The following spreadsheet gives the average results out of all eight case studies: 

 

 

Table 18 - average results of all case studies 
 

On average, within every data flow, more than eight different software products or tools 
were used. More than six of them solely internal, about 1 solely external and just 2,4 
tools had a shared use within general contractor and other stakeholders.  

Within the analyzed data paths, 10,5 were handled manually, 1,29 automatically. 1,25 
could be automated, if the BIM-model is sufficient.  

In total, the percentage of automatic data transport within the analyzed case studies is 
(without taken BIM into consideration): 11%. Solely 11 % of all transmitted data is 
transmitted automatically. Therefore, 89% of data transmittals are manual.  

The effect of those results for the field of construction and how to address those issues 
are further discussed in the next chapter.  

  

Field Average 

software/tools/apps 8,38 

internal 6,25 

external 1,25 

internal + external 2,40 

manual data transport 10,50 

manual data-transport/semi-automatic data transport, 
if BIM is sufficient 

1,25 

automatic data re-use/interface 1,29 

ratio automatic/manual 11 % 
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4.5 Discussion – Data Structure and Storage 

The author claimed the hypothesis, that: 

 data is not generated (structured) enough in general in construction 
 data is stored in data silos without (well) working interfaces 
 
In the following chapters, the results of the case studies are analyzed relating to the 
hypothesis.  

 

 Main Contribution of the Results 

4.5.1.1 Data Structure 

Based on the results of the case studies it gets clear, that data is generated in many 
different tools (and therefore formats). Furthermore, the data is often not connected to 
other tools or other information/data. By constantly changing the way of transmitting 
the data from digital to printed or textual (ergo: email), the chances to get the data from 
the original source (single source of data truth) decreases in a large scale. Based on this, 
data gets more and more (manually) reproduced in different formats and sources and 
gets therefore harder and harder to be used centrally and strategically. Different 
formats make the process of interfaces harder. That lead to the second point of the 
hypothesis. 

 

4.5.1.2 Data Storage and Interfaces 

Furthermore, the case studies show, that data is re-used and also stored in several 
software/tools (in average one information is re-used in 8,38 different tools). Caused by 
the lack of interfaces and interoperability between these tools, data is stored in many 
different places and therefore data silos emerge. Within the exemplified IT architecture 
of a large-scale general contractor company, it can be seen, that only very little 
interfaces are existing (some of them still not bidirectional). This problem by now is 
mainly a software problem, but also a problem of missing standardization in the field. 

Therefore, the hypothesis, that data is stored in silos without well working interfaces 
was proven.  
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4.5.1.3 Prospective Futures Development  

The results of the case study lead to the conclusion, that in order to absorb the full 
economic potential of these innovative fields and therefore protect a company against 
disruptive innovations from the outside, data needs to be gained more structured and 
in reusable formats. Furthermore, data silos need to be opened up and connected.  

In order to fulfill this demand, there are two paths: 

 1. using one single tool to manage every single decision and therefore data  
 2. automatizing data flow between tools 
 
The author sees two potential solutions in the construction sector based on this: 

 1. All-in-one software: a software/platform, where every single information/data is 
produced, stored and reused 

 2. Automatic and functional interfaces and formats between the tools 
 

4.5.1.3.1 All-in-one software 

 

Figure 37 - exemplified all-in-one-software 
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There are several large companies in the market offering construction project software 
trying to cover several fields of data (re)production within a project. Nevertheless, there 
are numerous problems with this attempt: 

- employer decides and influences software decision 
- subcontractors work within their own software landscape 
- projects differ in their software needs  

Based on the project-oriented business model of general contractors, nowadays the 
employer has its own opinion about which software to use, which makes it difficult for 
a contractor to always use the same software. For data regarding the construction 
process itself this might not be an issue, because companies could just use one software 
per project, but when it comes to billing and accounting, all the project information 
needs to get into one tool. Regarding framework contracts, this contractual and 
accounting information is needed bidirectional and across projects. It gets even harder, 
when employers demand the use of their self-programmed software, because it might 
be hard to gain functional interfaces.  

Similar problems occur in the cooperation between contractors and subcontractors. 
Nowadays, discussions about closed and open BIM cover the same problems.173 Trying 
to force subcontractors into using of the same software limits the possible business 
partners and might raise the price.  

Furthermore, some tools on the market have advantages for specific types of projects 
(regarding size, product or contractual base) and picking one for every possible project 
endangers the chance to use the full potential of each tool – which can lead to a loss of 
efficiency and therefore raise the price again. Same applies for newer tools/apps, that 
might have the best solution for one project or one part of a company but are hard to 
integrate in an all-in-one-software approach.  

The author concludes, that – by now – picking an “all-in-one”-software within a large 
company could lead to inefficiencies, decrease market opportunities and implement a 
long-term-bonding with one software provider.  

Therefore, the second possible model is looked into. 

                                                      
173  UK Construction Media, “Open BIM v Closed BIM,” https://www.ukconstructionmedia.co.uk/press-

releases/open-bim-v-closed-bim-xs-cad/, accessed May 2018. 
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4.5.1.3.2 Satellite-model: automatic and functional interfaces and formats 

 

By now – as shown in the case studies – interfaces do not exist between all necessary 
tools. The second solution is to create more interfaces and automate the exchange (e.g. 
by a process/workflow engine). As shown in 3.5.6.2, interfaces and a structure like this 
has the potential to be automatically triggered by a process software.  

Nevertheless, interfaces need functional exchange formats and therefore a level of 
standardization in the whole field.  

The graph above shows, how such a system can be structured and makes the risks and 
chances visible: without well-working interfaces and standardization, this approach is 
similar to the case studies before – a quite manual-transmittal based IT-landscape. 

Figure 38 - exemplified satellite-model 



Dissertation  4.5 Discussion – Data Structure and Storage 

 
Dipl.-Ing. Dipl.-Ing. Sarah Buchner  152 

Nevertheless, if interfaces and data standardization work, this approach has the 
advantages of changing single tools without a lot of effort. Therefore, the whole 
structure gains flexibility to react on market chances, is able to use and test new tools 
quite immediately and has more agility to futures software and market development.  

 

After this analysis and therefore an explanation, why the gap between potentially high 
economic influence of data innovations and their low current implementation level is so 
large, the author wants to bring the results back to the overall scientific question: do 
disruptive innovations have potential in the construction sector? In this chapter: where 
and how can the construction industry be disrupted in the field of data?  

 

 Disruptive Potential  

In the beginning of this chapter, the author showed, that in the four fields connected to 
data in construction (based on the study in 2.3.3.1) the gap between implementation 
level and economic potential is large. This gap implements, that a quick implementation 
has the potential for large economic growth and is therefore a chance for large 
companies (and in the same moment a threat for getting disrupted). The author 
followed the analysis, why this gap exists by analyzing case studies of current data flows 
– exemplified by the IT architecture of a large scaled general contractor. This analysis 
showed, that most of the data is stored in silos and data flows are executed manually 
89% of the time. Based on these results, the author showed two potential solutions for 
this: an attempt to use and create an all-in-one software solution and a satellite-model 
with automatic interfaces triggered by a process engine.  

In the following chapters, a closer look into the four clustered fields of innovation 
considering these two software solutions is made.  

 

4.5.2.1 BIM and Single Source of (data) Truth 

Building Information Management is one attempt to gather all important project data 
in one surrounding, which gives a project the potential to work based on a single source 
of data truth, by always referring to the original source of data.  

Prof. Goger and colleagues defined four steps for this approach to have a long-term 
potential: 
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 1. global definition of attributes and parameters based on a world-wide 
norming (global data dictionary)  

 2. adopting these into all BIM-tools  
 3. developing a clear data logic for BIM-objects 
 4. real-time data exchange in a common data pool (“digital backbone”) 174 
 
That approach is detached from the question, if the all-in-one-software model or the 
satellite-model is the right approach. Nevertheless, it covers the same base principles: a 
global norming and real-time exchange of data into one data pool.  

The all-in-one-approach seems to be the right answer, nevertheless, the problems 
shown in 4.5.1.3.1 could be avoided by creating a satellite-software approach, where 
the global norming combined with a functional exchange format has the potential to 
bring all the information and data structured into one data backbone/data base. 175 

This attempt of BIM in general can then be seen as a visualization of this data and 
information and therefore as a supporting user interface for working with a single source 
of data truth. 176 

The author thinks, that based on the previous analysis, BIM needs a single source of data 
truth, but this source must not be stored in one place, but accessible by several systems. 
This might not just be one key to the success of BIM, but also one approach to realize 
big data analytics and data-based prevention.  

 

4.5.2.2 Big Data Analytics and Data Based Prevention 

“Data sells.” 177 And data is “generated continuously everywhere. The challenge is, to 
turn the most often unstructured data into valuable information and to connect it 

                                                      
174  translated from German – based on: Gerald Goger and Wilhelm Reismann, Visionen auf längere 

Sicht, 2nd ed. (Wien: TU-MV Media Verlag, 2017), p. 9. 
175  Betriebswirtschaftliches Institut der Bauindustrie, Ökonomie des Baumarktes: Grundlagen und 

Handlungsoptionen: Zwischen Leistungsversprecher und Produktanbieter (Wiesbaden, s.l.: Springer 
Fachmedien Wiesbaden, 2013), Pos. 4834 out of 6488, http://dx.doi.org/10.1007/978-3-658-01942-
6. 

176  coBuilder, “Digitalisation in the construction industry,” 2016, http://cobuilder.co.uk/digitalisation-
construction-industry/, accessed November 2017. 

177  coBuilder, “Digitalisation in the construction industry,” 2016, http://cobuilder.co.uk/digitalisation-
construction-industry/, accessed November 2017. 
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across silos, in order to use it as a tool for optimizing processes. Data is a key 
intangible asset for value creation.” 178 

This quotes from several sources are not focusing specifically on construction, 
nevertheless the case studies and analysis made before showed, that the 
construction industry is facing the same issues. In order to be able to make use of 
the full potential of big data analysis, the data needs to be gathered structured and 
normed. Furthermore, for using big data analysis for data-based prevention, the 
more information is gathered like this, the better the mechanisms to predict or 
foresee futures events get. Nicholas D. Evens divides big data analysis into three 
large parts: 

 “customer insights 
 operational insights 
 risk management insights” 179 
 
Customer insights focus on improving customers satisfaction and needs, which matches 
with the base theory of disruption by Prof. Christensen. Nevertheless, in the 
construction sector the customer’s perspective and therefore customers analysis is not 
a large focus yet (2.3.3.1). Operational insights focus on improving efficiency of the 
process and operations based on data collected by sensors, devices or software tools 
and match the described process of chapter 3. Risk management insights are gained by 
data from anomalous patterns of behavior and have the chance to prevent failures by 
data analysis (see 3.5.5.2.3).  

Multiple actual papers describe the chances of big data analysis and common data 
environment (ergo: norming and standardization within the process of creating data). 
180 Nevertheless, to be able to use this potential, large scale construction companies 
need to be able to perform big data analysis. Therefore, they need to gather data 
structured and across data-silos. Two options to do that where shown before. 

                                                      
178  David Rogers, The Digital Transformation Playbook: Rethink Your Business for the Digital Age (New 

York, NY: Columbia University Press, 2016), Pos. 1807 out of 6420, 
http://gbv.eblib.com/patron/FullRecord.aspx?p=4398619. 

179  Nicholas D. Evans, Mastering digital business: How powerful combinations of disruptive technologies 
are enabling the next wave of digital transformation (Swindon: BCS The Chartered Institute for IT, 
2017), Pos. 2597 out of 4154. 

180  Roland Berger, “Die Digitale Transformation der Industrie,” (2015): 7, 
http://bdi.eu/media/publikationen/#/publikation/news/die-digitale-transformation-der-industrie/. 
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Regardless which option is chosen, not until after creating a consistent and automatic 
data flow, the construction process can be optimized. 181 182 

Another form of generating data is by sensors (e.g. machine sensors, building services 
sensors, etc.) and IoT.  

 

4.5.2.3 IoT and Sensor Technology 

Internet of Things and sensor technology are a present topic. Besides some technical 
issues, the predicted economic potential (in all fields) is large. 183 Some on-site machines 
are already able to generate real-time data, but – as seen in the case studies – this 
information is then most of the time stored in a data-silo and therefore its full potential 
cannot be used. Based on the results of the case studies, it shows again, that the real 
added value in IoT and sensor technology is not just generating data, but then being able 
to work with this data and connect the results. 184185  

 

4.5.2.4 Cloud and Platforms 

The innovation field of cloud technology and construction project management 
platforms has a large economic potential. A clear distinction of its disruptive potential 
cannot be made because it is seen more of a general technology, which supports all the 
other fields. Both shown options to get better and more structured data (all-in-one 
software and satellite-model) are mainly based on cloud technology and platform-
thinking.  

 

                                                      
181  Gerald Goger and Wilhelm Reismann, Thesen zur Zukunft des Bauens, 1st ed. (Wien: TU-MV Media 

Verlag, 2016), p. 5. 
182  Inc. Autodesk, “Die Digitalisierung der Bauindustrie,” p. 10, 

https://www.autodesk.de/campaigns/the-power-of-digital-for-construction, accessed May 2018. 
183  James Manyika et al., “Disruptive technologies: Advances that will transform life, business, and the 

global economy,” 2013, http://www.mckinsey.com/business-functions/digital-mckinsey/our-
insights/disruptive-technologies, accessed May 2018. 

184  Kelly L. Ziv, “The Internet Of Things & The Construction Industry,” 
https://fieldlens.com/blog/building-better/internet-of-things-in-construction/, accessed 21.5.18. 

185  Mohsen Mohseninia, “How IoT can transform the construction industry,” 2018, 
https://www.constructionglobal.com/equipment-and-it/how-iot-can-transform-construction-
industry, accessed 21.5.18. 
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After analyzing the gap and the potential solutions for the gap – and therefore an 
approach to address disruption – the question rises, if these disruptive innovations can 
be led by the construction industry itself or if outside players will use disruption to enter 
the construction market. This is addressed in the following chapter.  

 

4.5.2.5 Disruptive External Parties – Non-Construction Companies 

„Digital transformation is not about technology—it is about strategy and new ways 
of thinking. Transforming for the digital age requires your business to upgrade its 
strategic mindset much more than its IT infrastructure.” 186 

Similar to Rogers quote, Bosbach is of the opinion, that a strategic and reasonable 
investment in IT-products with a focus of more than three years is impossible. 187 
Furthermore, Goger and colleagues claim, that digitalization will not ruin small players, 
but slow ones. 188  

All of that said, the question is, how a nowadays construction company can prepare itself 
for this transformation. Some options where shown previously. However, the core of 
disruptive theory claims, that external parties have potential to disrupt other fields, too. 
When talking about data in construction and the change of internal IT-infrastructure, 
large players in the software industry should be taken into consideration. Roland Berger 
claimed in a study in 2015 about the general manufacturing and producing industry, that 
– for example – Google started to buy large robotics companies. Besides the chances to 
monetarize the data, they followed, that if Google standardizes and norms the software 
and formats of those robots and combines them afterwards with other Google services 
(as e.g. big data analysis and artificial intelligence), Google gains large power in the value 
adding of producing industry. 189 Similar potential can be seen in the construction 
industry. E.g. Amazon started to invest more and more in smart home technology and 
has the strategic potential to expand this field.190 Oracle just recently bought a large 

                                                      
186  David Rogers, The Digital Transformation Playbook: Rethink Your Business for the Digital Age (New 

York, NY: Columbia University Press, 2016), Pos. 54 out of 6420, 
http://gbv.eblib.com/patron/FullRecord.aspx?p=4398619. 

187  Guido Bosbach, “,,Mittelstand" taugt nicht für die Zukunft,” 2017, p. 1, 
https://de.linkedin.com/pulse/mittelstand-taugt-nicht-f%C3%BCr-die-zukunft-guido-bosbach. 

188  Gerald Goger and Wilhelm Reismann, Thesen zur Zukunft des Bauens, 1st ed. (Wien: TU-MV Media 
Verlag, 2016), p. 9. 

189  Roland Berger, “Die Digitale Transformation der Industrie,” (2015): 23, 
http://bdi.eu/media/publikationen/#/publikation/news/die-digitale-transformation-der-industrie/. 

190  Blake Morgan, “Will Amazon Get Into The Construction Business?,” 2018, 
https://www.forbes.com/sites/blakemorgan/2018/04/06/will-amazon-get-into-the-construction-
business/#6f41f0993f02, accessed May 2018. 
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construction project management platform and there are many more examples like 
these.191 Nevertheless, experts like Goger and Reismann follow, that the construction 
industry should tell the IT and software industry, what requirements they have and not 
the other way around. 192 

All of the above-mentioned companies have one thing in common: they are experts in 
data production and data use/analysis. As shown in the studies above, handling data 
smartly, can lead to a significant increase in efficiency – which is the core of the job-to-
be-done of customer group 1 when it comes to disruption (2.4.2). However, also newer 
and younger companies, who can create a data-infrastructure from the scratch book, 
have a large potential to get those efficiencies right.  

All of this said, Rogers concludes, that “data partnerships will be a key element of how 
businesses negotiate terms of working together”. 193 

 

 Future Research 

The above made case studies should just be seen as an exemplary extract of present 
data flows within a large scaled general contractor. Other companies and structures will 
give other results. Nevertheless, the main hypothesis (structure of data and storage of 
data/interfaces) was proven by this specific constellation/example.  

Future research should focus on researching the two shown options as a solution for 
gathering data more structured and standardized. The two presented options, all-in-
one-software and the satellite-model, need closer research and a potential analysis. 
With further development of software and IT infrastructure in general and an ongoing 
standardization process in the field of construction, other options might evolve.  

Furthermore, researchers should take a closer look into software companies’ 
approaches of entering the construction sectors and the related business models. Those 
specifically should be broken down to the theories of disruption, in order to be prepared 
as a construction company to these outside players.   

                                                      
191  Redwood Shores, “Oracle Buys Aconex: Creates the World’s Most Comprehensive Cloud Offering for 

Managing All Aspects of Construction Projects,” 2017, 
https://www.oracle.com/corporate/pressrelease/oracle-buys-aconex-121717.html, accessed May 
2018. 

192  Philip Meissner and Torsten Wulf, “So Reagieren Sie auf Disruption,” 2018, 
http://www.harvardbusinessmanager.de/heft/d-156255099.html, accessed December 2018. 

193  David Rogers, The Digital Transformation Playbook: Rethink Your Business for the Digital Age (New 
York, NY: Columbia University Press, 2016), Pos. 2100 out of 6420, 
http://gbv.eblib.com/patron/FullRecord.aspx?p=4398619. 
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4.6 Conclusion and Recommendation 

The research question of this dissertation was, where and how disruption potential in 
the field of data in construction exists and where it might emerge in the future. In 
contrast to previous chapters, where the focus was more on the question of how to 
further invest and push those disruptive fields, this chapter showed, that the 
construction sector in its nowadays form cannot ask the same question regarding data. 
The nowadays structure of where and how data is produced, is almost completely 
impeding disruptive innovations in this field (big data analysis, single source of data truth 
and so on).  

However, the author showed two options, of how data can be produced in a way, that 
all of these innovation fields can be addressed in a long-term perspective. Based on 
previous findings (2.6), companies are hardly able to disrupt themselves. This statement 
can be seen again in the field of data: to change from a present IT-infrastructure to one 
of the two showed options is intense and a lot of work/investment. An outside or new 
company with less stringent structures and less implemented (and therefore hard to 
change) processes has competitive advantage. In the author’s view, solutions for 
nowadays construction companies could be: 

- quick and uncompromising change to one of the two options (needs cooperation 
and standardization in the whole field) 

- green field investment: start a new subsidiary with regards to one of the two options 
and shift business/market shares step by step 

- create data partnerships between construction companies (needs cooperation and 
standardization in the whole field) 194 

- create data/software partnerships with IT companies  

Regardless what tasks this change process implicates, data has the highest economic 
potential according to the study done by the author (2.3.3). No other field (and not just 
in construction) has seen so much change and innovation in the last decades. Within 
one of the largest industries worldwide, the construction sector is more than likely to 
take these chances and use their data wisely and efficient. The next chapter discusses 
these chances and further disruptive potentials.  

“Data is the substance, and digital is a place.” 195  

                                                      
194  David Rogers, The Digital Transformation Playbook: Rethink Your Business for the Digital Age (New 

York, NY: Columbia University Press, 2016), Pos. 2100 out of 6420, 
http://gbv.eblib.com/patron/FullRecord.aspx?p=4398619. 

195  Mark Raskino, Digital to the Core (s.l.: Bibliomotion Inc, 2016), Pos. 2051 out of 4471, 
http://search.ebscohost.com/login.aspx?direct=true&scope=site&db=nlebk&AN=1088030. 
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5 Additional Disruptive Factors and Possible Approaches  

In this last part of this dissertation, the author examines additional disruptive factors 
and fields (fields, which have not been conducted by the initial innovation study). 
Furthermore, the author shows some approaches for existing companies, on how to 
address disruptive incidents and how to possibly not see disruption as a threat, but as a 
chance.  

 

5.1 Disruption as a New Business Model based on the Results 

In order not to see disruption as a threat, existing construction companies need to think 
about their existing business models and – in the author’s view – might have to 
adopt/change it. In order to get a clearer picture, the potential fields of growth are 
shown and then followed by strategies for existing companies as well as new 
requirements for personnel and equipment (ergo: organizational capabilities 2.4.3). 

 

 Potential Fields of Growth 

Regarding potential fields of growth, the results of the first study and the theory of 
disruption in general show, that the largest potential for disruptive growth is within the 
sector of low-end- and new market disruption (2.5). This is based on the fact, that the 
construction sector is performing quite well in the sector of sustaining innovation. 
Roland Berger and others argue, that usually an engineer’s job is to make a product’s 
performance better196, but based on Christensen they might tend to overshoot the 
performance to an extent, that customers can’t follow (2.4.1). Therefore, in the author’s 
view – the potential of actual revenue growth in the field of sustainable innovations is 
smaller than in the field of low-end disruption. 

                                                      
196  Roland Berger, “Die Digitale Transformation der Industrie,” (2015), 

http://bdi.eu/media/publikationen/#/publikation/news/die-digitale-transformation-der-industrie/. 
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strategic focus suggested by the author 

Figure 39 - strategic focus regarding disruptive innovations suggested by the author 
 

Based on the two analyzed customer viewpoints, it gets clear, that a strategic focus on 
low-end disruption and new market disruption in the field of customer group 1 has the 
highest potential. Focus on new market disruption for customer group 2 is not 
applicable, because a new market for that group does – per definition – hardly exist 
(2.5.5.3).  

One can follow, that customer group 1 should generally be the main focus regarding 
disruption – because it has potentially the biggest impact (economically).  

Recapping the actual potential fields of innovation and their disruptive potential (by 
expert survey), the following fields should be strategically looked into:  
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Figure 40 - strategic focus regarding disruptive innovations  
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These fields might have the biggest potential for low-end disruption. In order for them 
to succeed, processes need to be redefined, re-organized and digitalized (3.6). 
Moreover, methods of data-generation and storage have to change within the whole 
industry (4.6). As mentioned before, an existing company can hardly disrupt itself, but 
strategies to still participate in disruption are given in the next chapter.  

 

 Strategy to Develop Disruption as an existing Company 

Based on these results and especially on the theory of disruption by Prof. Christensen, 
the author claims, that an existing company can hardly disrupt itself (2.6). Nevertheless, 
the author suggests, that an existing firm can still participate in the successes of 
disruption by following one of the two following strategies: 

- participate purely financially: As mentioned in (2.6), inhouse disruption is almost 
impossible, because of the existing organizational capabilities. Nevertheless, from a 
financial perspective, it might not be that important, if the core company succeeds 
through disruption, or if a separate company does, as long as there is a participation 
in the profit. One possibility is to buy start-ups, install an accelerator program, offer 
funding and many other options. As long as those disruptive external companies stay 
external and can work freely, this is a possibility to address disruption as an existing 
firm. 197 198 

- incorporate a new business unit separated from the company: Second possibility is 
incorporating a whole new business unit within the company, equipped with 
sufficient funds and the freedom, to build structures and processes from scratch 
(2.4.3 ). If the new business unit succeeds, market shares can be shifted step by step 
(4.6). 199 For a construction company, one possibility would be, to found a new 
construction company, working 100% on a sufficient data base (4.5.1.3), with new 
personnel and machines and fully implemented, digital processes (3.5.1), with as 
many other disruptive innovations implemented as possible (prefabrication, robots, 
and many more) but founded and financed by the holding. The issue, that the market 
might not trust new players, can be easily addressed by either being way cheaper in 

                                                      
197  Steve Blank, “Unternehmertum: Warum Konzerne nicht wie Startups handeln können - Harvard 

Business Manager,” 2017, http://www.harvardbusinessmanager.de/blogs/warum-konzerne-nicht-
wie-startups-handeln-koennen-a-1165475.html, accessed December 2018. 

198  Philip Meissner and Torsten Wulf, “So Reagieren Sie auf Disruption,” 2018, 
http://www.harvardbusinessmanager.de/heft/d-156255099.html, accessed December 2018. 

199  Steve Blank, “Unternehmertum: Warum Konzerne nicht wie Startups handeln können - Harvard 
Business Manager,” 2017, http://www.harvardbusinessmanager.de/blogs/warum-konzerne-nicht-
wie-startups-handeln-koennen-a-1165475.html, accessed December 2018. 
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the process of construction (and therefore nailing the job-to-be-done) or just by 
adopting the holdings brand, to give some liability. 

- the last possibility – even though in the author’s opinion partly dangerous – is to try 
to disrupt yourself as an existing firm, which leads to large changes in personnel, 
machinery, hardware, software, processes and many more.  

All three presented strategies have one large part in common: fundamental changes in 
personnel, machinery and other equipment. The next chapter deals with this.  

 

 New Requirements regarding Personnel, Machinery and other 
Equipment 

Throughout this dissertation, one major topic was omnipresent: change. Disruption 
brings change with it. Change affects business models, industries and many more, but 
most importantly: the personnel.  

In all three presented strategies for existing firms – and therefore for the present 
construction market – disruptive innovations will bring change. And change can be a 
hard and time-consuming process. As shown throughout this dissertation, people will 
have to change the way they work (task-based, model-based, digital and real-time), the 
equipment they work with (mobile phones, tablets as well as robots, self-driving 
machinery) and also the output they produce (purely digital models instead of paper-
drawings, interpretation of big data instead of negotiations). Nevertheless, change has 
happened before and will happen – it is the job of the management to address and lead 
this in the right way, not to try to avoid innovation. 200 

As mentioned before, machinery has to change and become more connected (IoT), more 
digital and more intelligent (self-driving, predictive maintenance, and so on). Therefore, 
large investment sums will be necessary.  

Throughout the dissertation software was a focus of discussion, but therefore hardware 
should be one too. It goes without saying, that - for the discussed approaches - the 
personnel have to be able to work with the right software and therefore needs the 
appropriate hardware (mobile phones, tablets, computers, VR and AR glasses and so 
on).  
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This was just a short overview, on how disruption can be a new business model and what 
changes this might bring with it. Nevertheless, there are more disruptive factors, which 
have not been addressed yet, but will be now.  

 

5.2 Additional Disruptive Factors 

The author focused mainly on the perspective of an existing construction company. The 
focus was more on the technical and business model related side than on changes in the 
customer profile. Nevertheless, there are some side factors, which can generally 
influence the habits of customers and therefore also the business model. Regarding 
completeness in this research question, further factors with the potential to influence 
disruptive changes in construction are looked into. 

 

 Customer Group 1 – Focus: Cost-Efficiency 

In this customer group, the main goal within construction products is cost efficiency 
(2.4.2). Therefore, macro- or micro-economical changes (e.g. economic crisis, interest 
rates, prices of natural resources or other investment opportunities) might have the 
potential to change the customer’s needs in the construction industry. In the author’s 
view, both of the sub-parts of this customer group (public clients and private investors) 
might be affected by those external influences.  

 

 Customer Group 2 – Focus: Personal Demand 

The above-mentioned impacts might affect this customer group too. Furthermore, 
changes and trends in present society and general societal behavior might have a 
potential for disruption, too. Trends as urbanization, on-demand-society or leasing 
instead of buying might affect the consumers (personal) demand for construction 
products. Moreover, home offices, changes in birth rates and therefore chances in race 
population and ethnics, general globalization and many other factors can have an impact 
too.  

All of these factors have to be taken into closer consideration in future research, in order 
to create a global picture of possible disruptive changes in construction.  
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 Disruption out of the Perspective of Different Stakeholders 

The focus of this dissertation was the perspective of existing construction companies. 
Nevertheless, in the process of realizing a construction product, many other 
stakeholders are participating as well. The major ones are looked at: 

 

5.2.3.1 Planners, Engineers, Architects 

Disruption is destroying parts of the traditional supply chain. 201 One part of the supply 
chain of construction is the area of planning and engineering. The major tasks of 
planners, engineers and architects can be presented as follows: 

- designing 
- drawing/specifications/plans 
- calculations 

Besides the disruptive innovations presented in earlier chapters, the author wants to 
give some further examples, which could disrupt the traditional work packages of 
planners, engineers and architects: 

- design –> algorithm/AI-based design: there are already companies on the market, 
which claim to be able to judge beauty automatically by using AI and algorithm. 202 
This might lead to a disruption in the need for architects/designers. If algorithm can 
judge beauty, they might – as a next step – be also able to produce “beauty”.  

- drawing/specifications/plans –> algorithm-based planning: 203 large parts of the 
(often repetitive) work of planners can be done by algorithms; self-learning systems 
or systems based on AI. 

- calculations -> (BIM-)model-based calculations: already in 2008 researchers 
published studies, which showed, that more than a third of the engineers’ hours can 
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be saved by a model-approach; 204 205 10 years later, newer articles are rising those 
savings but also claim, that the model-based approaches are able to do the work 
more precisely, faster and cheaper (not just regarding working hours but also 
material costs) 

This is just an overview of some examples; further research should be done. However, 
construction companies/contractors and engineers/planners are not the only one 
participating in the construction process. Another important stakeholder is the client.  

 

5.2.3.2 Employers/Clients 

The major task of the client can be split into the following parts: 206 

- financing and paying for projects 
- coordinating a project (plans, governmental bodies, specifications and many more) 
- coordinating contractors, planners, and many other professionals 

Similar arguments as in the previous chapter can be used here:  

- financing/payment process -> blockchain-based financial transactions combined 
with smart contracts, automated banking ledgers and digital assets have the 
potential to significantly change the present process and regulations 207 

- coordinating a project -> algorithm-based decisions and control: the more decisions 
can be made by algorithms, the less important and time-consuming the coordination 
part will be. The more parts of construction work are process-based (see 3.5.6.2), 
the less time-consuming the coordination with the contractors will be.  

- coordinating contractors -> digital procurement processes are already evolving and 
might be changing the game in the future.  

                                                      
204  for example: Rafael Sacks and Ronen Barak, “Impact of three-dimensional parametric modeling of 

buildings on productivity in structural engineering practice,” Automation in Construction 17, no. 4 
(2008). 

205  another example: Mohit Mangal and Jack C.P. Cheng, “Automated optimization of steel 
reinforcement in RC building frames using building information modeling and hybrid genetic 
algorithm,” Automation in Construction 90 (2018). 

206  P. C. Stimmel & Smith, “The Role of the Owner in the Construction Project: Doing More Than Writing 
Checks | Stimmel Law,” 2018, https://www.stimmel-law.com/en/articles/role-owner-construction-
project-doing-more-writing-checks, accessed December 2018. 

207  Gareth W. Peters and Efstathios Panayi, “Understanding Modern Banking Ledgers Through 
Blockchain Technologies: Future of Transaction Processing and Smart Contracts on the Internet of 
Money,” in Banking Beyond Banks and Money: A Guide to Banking Services in the Twenty-First 
Century, eds. Paolo Tasca et al. (Cham: Springer International Publishing, 2016)., abstract 
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As mentioned before, these parts are not part of the core of this dissertation but should 
lead to futures research.  

 

5.3 Future Research and Criticism 

As in every other scientific work, this dissertation has its limitations. The author wants 
to address these limitations regarding: 

- viewpoint of the analysis 
- topicality 

This should not just be seen as criticism in regard to this dissertation, but also as an 
impulse for other researchers. 

 

 Viewpoint of Analysis 

The author focused strongly on the innovational part of disruption and analyzed some 
potential directions and possible solutions for existing construction companies, with a 
focus on general contractors. Future research could focus on the following: 

- other participant’s viewpoints (as mentioned partly in 5.2.3): clients, sub-
contractors, engineers, etc. 

- societal/cultural changes: some topics, which might lead to disruption in 
construction, have not been addresses in this dissertation, because they were not 
part of the initial innovation study. This is because some disruptors might not come 
by innovation, but by changes in other fields, which then influence the construction 
sector. For example: new ways of working, aging of population, change in ethnic 
group populations and their different forms of living, urbanization, sustainability, 
long-term psychological effects of digitalization and the following reactions. 

- business failure and monopolists: this trend has already been researched and 
defined as a disruptive force by some authors. 208 Nevertheless, fields which have 
been recently disrupted (e.g. retail, tourism) have seen significant changes in their 
core business models 209 and so the construction industry might face similar issues 
after business failure and the rise of monopolists. Further research should look into 
these possibilities. 

                                                      
208  Roozbeh Kangari, “Business Failure in Construction Industry,” Journal of Construction Engineering 

and Management 114, no. 2 (1988). 
209  Alina Sorescu et al., “Innovations in Retail Business Models,” Journal of Retailing 87 (2011). 
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 Topicality 

Even though this dissertation is published in 2019, the studies underlying the innovation 
study were conducted in the years of 2013-2017. More recently published innovation 
studies have parts of their focus in topics, which have not been analyzed within this 
dissertation, but might have disruptive potential too, for example: 

- economic and supporting changes: cryptocurrencies, level of interest rates, shortage 
of natural resources, energy shortage, global warming 

- supporting innovations/technology (0): blockchain technology (and smart 
contracts), artificial intelligence, machine learning, etc. 

- legal changes: new form of contracts (multi-party-agreements, open book contracts, 
smart contracts), drive to decentralization (blockchain and less need for middle-
men) 

Those topics have mostly just partly been addressed in this dissertation but are 
interesting topics for further research.  

The following and last chapter gives a short recap and leads the conclusion of this 
dissertation.  
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6 Conclusion 

To sum this dissertation up, the author gives a short recap and will then provide a last 
conclusion.  

 

6.1 Recap  

The main research question was: “How can disruptive innovations exist and evolve in 
the construction sector?”. Based on an initial study, by combining and clustering 
research done by large consultant companies and other researchers on innovation in 
construction, the author combined the clustered results with the main applicable 
theories regarding disruptive innovations by Prof. Christensen (2). These results lead to 
two main topics: disruptive innovations in the construction process itself (3) and 
disruptive innovation based on data in construction (4).  

A second research question was asking, if and how existing construction companies can 
prepare themselves for disruption (2.6, 3.6.2, 4.6) and which other factors could possibly 
influence disruption in construction (5.2). 

The first study about innovation fields was based on recent studies by (mainly) large 
consulting companies (2.3.2). After clustering and compromising their findings, the 
results were matched with the applicable theories about disruption by Prof. Christensen 
(2.5). To presume the potential of disruption of these fields, the author made a broad 
expert survey (2.5.3).  

Based on those results, two major fields of potential disruption in construction emerged: 
disruption in the construction process itself (on-site) and disruption based on data in 
construction. Therefore, the author analyzed the potential on-site and claimed the 
hypothesis, that changing from a passive and subjective construction management to a 
workflow-based, self-optimizing, digital one could lead to a large gain of efficiency 
(3.2.5). This hypothesis was tested by an on-site experiment, where a traditional 
workflow (inspection of reinforcing steel work) was analyzed, optimized and digitalized 
(3.3). The results showed an enormous improvement by this way of working and the 
author gave an outlook on future potential (3.5.1).  

Regarding the chances of disruption in the field of data, numbers showed a large gap 
between economic potential and implementation level in this sector. Therefore, the 
author claimed, that this gap might be caused by the fact, that data is not structured in 
an optimized way and moreover stored in data-silos (4.2.2). To proof this hypothesis, 
the author analyzed the IT-infrastructure-landscape of a large-scale general contractor 
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(4.3.1). Furthermore, redundant data flows within this landscape were identified and a 
study was made regarding the way of transmitting data between single 
applications/tools. The results showed, that most of the data transmissions are still done 
manually and data is stored in many different formats in many different 
places/applications (4.4.2). The author followed, that in order to use the full potential 
of disruption in the field of data, these data silos have to be broken up and data 
transmittal needs to be automated (4.5.1). Therefore, the author suggested either 
implementing one single all-in-one-software within the whole company (or even field) 
(4.5.1.3.1), or lead the whole industry into a process of standardization to pursue a 
satellite-model (0), where single applications/tools are easily exchangeable and data is 
stored in a data base with functional interfaces and therefore create a single source of 
(data) truth. 

In the last chapter, the focus was on other disruptive potentials, which might have an 
additional effect on the construction sector, as social-cultural changes in society (5.2.2), 
or general economic effects (5.2.1), which either change the customer themselves or 
the customer’s habits and needs. Furthermore, the author showed, how existing 
companies can address disruption and how that affects the existing personnel.  

The following part is the last overall conclusion.  

 

6.2 Conclusion 

Disruption has an image problem, probably because it is hard to predict or maybe even 
because of its etymological origin (Latin word “disrumpere”: “to break apart, to 
shatter”). In this dissertation, the author tried to de-mystify the term itself and the 
theories and foundations of it. Furthermore, a way was suggested, how innovative fields 
can be evaluated regarding their potential of disruption. Nevertheless, even though one 
might know, which fields will gain disruptive power and therefore will change the 
traditional market, there is still the question, of how to work in this direction as an 
existing firm. Therefore, the author suggested to either buy into other companies’ 
success (shareholding), or to establish a new, fully detached business unit, with new 
processes and a new profit formula. 210 

Businesses and markets have always been changing, and so they change now. When it 
comes to digitalization and new technologies, these changes might feel even faster, but 
they should – in the author’s view – not be considered too fast. By applying the theories 

                                                      
210  Clayton M. Christensen, Material to the Course "Disruptive Strategy" 2017, accessed November 

2017. 
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of disruption to the construction sector, trends and problems get more transparent and 
therefore easier to handle.  

Existing companies in the construction sector need to change from reacting to acting – 
restructure one’s project management as well as one’s innovation/disruption business 
strategies. With those findings in mind, disruption should not be seen as a threat 
anymore, but as a chance for reaching new customers, creating new solutions, getting 
more efficient and gaining more revenue and profit.  

Consistent with recent political happenings, the construction industry should keep 
Raskino in mind: “Trump or be trumped.” 211 

 

Disruption is not a threat, it is a mindset.   

                                                      
211  Mark Raskino, Digital to the Core (s.l.: Bibliomotion Inc, 2016), Pos 567 out of 4471, 

http://search.ebscohost.com/login.aspx?direct=true&scope=site&db=nlebk&AN=1088030. 
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